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Abstract

Background: Depressive symptoms, and the associated coexistence of symptoms of anxiety and decreased quality of life (QoL),
are common in patients with heart failure (HF). However, treatment strategies for depressive symptoms in patients with HF still
remain to be established. Internet-based cognitive behavioral therapy (ICBT), asguided self-help CBT programs, has shown good
effects in the treatment of depression. Until now, ICBT has not been evaluated in patients with HF with depressive symptoms.

Objective: The aims of this study were to (1) evaluate the effect of a 9-week guided ICBT program on depressive symptoms
in patients with HF; (2) investigate the effect of the ICBT program on cardiac anxiety and QoL ; and (3) assess factors associated
with the change in depressive symptoms.

Methods: Fifty participants were randomized into 2 treatment arms: ICBT or a Web-based moderated discussion forum (DF).
The Patient Health Questionnaire-9 was used to measure depressive symptoms, the Cardiac Anxiety Questionnaire (CAQ) was
used to measure cardiac-related anxiety, and the Minnesota Living with Heart Failure questionnaire was used to measure QoL.
Data were collected at baseline and at follow-up at the end of the 9-week intervention. Intention-to-treat analysis was used, and
missing data were imputed by the Expectation-Maximization method. Between-group differences were determined by analysis
of covariance with control for baseline score and regression to the mean.

Results: No significant difference in depressive symptoms between the ICBT and the DF group at the follow-up was found,
[F(1,47)=1.63, P=.21] and Cohen’s d=0.26. Secondary within-group analysis of depressive symptoms showed that such symptoms
decreased significantly in the ICBT group from baseline to the follow-up (baseline M=10.8, standard deviation [SD]=5.7 vs
follow-up M=8.6, SD=4.6, t(24)=2.6, P=.02, Cohen’s d=0.43), whereasin the DF group, there was no significant change (baseline
M=10.6, SD=5.0, vsfollow-up M=9.8, SD=4.3, t(24)=0.93, P=.36. Cohen’s d=0.18). With regard to CAQ and QoL no significant
differences were found between the groups (CAQ [d(1,47)=0.5, P=.48] and QoL [F(1,47)=2.87, P=.09]). In the ICBT group in
the CAQ subscale of fear, a significant within-group decrease was shown (baseline M=1.55 vs follow-up M=1.35, P=.04). In the
ICBT group, the number of loginsto the Web portal correlated significantly with improvement in depressive symptoms (P=.02),
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whereas higher age (P=.01) and male sex (P=.048) were associated with less change in depressive symptoms. This study is
underpowered because of difficultiesin the recruitment of patients.

Conclusions: Guided ICBT adapted for persons with HF and depressive symptoms was not statistically superior to participation
in aWeb-based DF. However, within the ICBT group, astatically significant improvement of depressive symptoms was detected.

ClinicalTrial: Clinicaltrials.gov NCT01681771; https://clinicaltrials.gov/ct2/show/NCT01681771 (Archived by WebCite at

http://ww.webcitation.org/6ikzbcul N)

(J Med Internet Res 2016;18(8):€194) doi:10.2196/jmir.5556

KEYWORDS

heart failure; depression; Internet-based cognitive behavioral therapy; cognitive behavioral therapy; Internet; eHealth

Introduction

Depressive symptoms are common in patientswith heart failure
(HF), affecting about 20%-40% of the HF population [1-3].
They lead to higher morbidity and mortality and diminish
self-care and health-related quality of life (QoL) [3]. However,
treatment strategies for depressive symptoms in patients with
HF still remain to be established [3,4].

HF has an unpredictable trajectory with disturbing and limiting
symptoms that frequently change, leading to a shift between
good and bad days[5] and with a constant risk of hospitalization
or death [6,7]. Patients with HF may therefore be prone to
developing negative thoughts, rumination, and feelings of
hopelessness about loss of health and independence and an
uncertain future [8], and this can lead to the development of
depression.[9,10]. A vast majority of patients with HF and
depressive symptoms also have symptoms of anxiety [11].
Depressive symptoms have a strong negative impact on QoL
in patients with HF [3,4]. Because anxiety and depression are
closely related, an intervention focusing on decreasing
depression may also improve symptoms of anxiety and increase
QoL. In general, depressive symptoms can be treated, either by
psychotherapy or by pharmacology [12]. However, the impact
of pharmacological treatment of depression in HF is not clear
[4] and may be complicated due to an already complex
pharmacological treatment regime [2]. Furthermore, patients
with heart disease seem to prefer talking therapies such as
cognitive behavioral therapy (CBT) over pharmacological
treatment [8].

In CBT, patients become active participants in their treatment
and perform tasks to become aware of and to modify negative
thoughts and unhel pful behaviors. By devel oping skillsto cope
with these negative thoughts and behaviors, CBT also
contributes to a decrease of negative emotions [13]. In HF
patients, Freedland et al [14] demonstrated that undergoing CBT
for 6 months decreased depression and Gary et a [15] found
CBT to be beneficial, especially when combined with physical
exercise. In these studies, CBT was provided face-to-face. Due
to the lack of CBT therapists to deliver such face-to-face CBT,
combined with thelarge number of HF patientswith depression,
most HF patientswith depressive symptoms might not get access
to CBT. Internet-based cognitive behavioral therapy (ICBT)
may be an alternative to face-to-face CBT. ICBT has been
shown to be agood and time-efficient method for the treatment
of depressive symptoms and also effective when delivered by

http://www.jmir.org/2016/8/e194/

professionals other than psychotherapists. ICBT might,
therefore, be considered as an attractive treatment strategy for
depression in HF [16], but this is an area still waiting to be
explored. Furthermore, since the frequency of participation in
CBT treatment [17], level of depressive symptoms
pre-intervention [18], age [19], sex, and New York Heart
Association Class (NYHA class) [2] may impact changes in
depressive symptoms, it isimportant to investigate these factors
in intervention programs.

Recently our group showed that an ICBT program designed for
HF patients was feasible [20], but the effect of ICBT on
depressive symptomsin patientswith HF has, to our knowledge,
not been tested in a randomized controlled trial. The primary
aim of this study was therefore to evaluate the short-term effect
of ICBT on depressive symptomsin patientswith HF. A second
aimwasto investigate the effect of the ICBT program on cardiac
anxiety and QoL (secondary outcomes). A third aim was to
assess these factors’ associations with the change in depressive
symptoms.

Methods

Design
An open label, randomized control design was used.

Recruitment Procedure and Inclusion

To recruit participants, an information letter was sent to all
patients who had an outpatient appointment or who had been
admitted to hospital with the main diagnosis of HF during 2013
and 2014 in 4 hospitals in the southeast of Sweden (Figure 1).
Inclusion criteria were at least mild depressive symptoms (the
Patient Health Questionnaire-9 (PHQ-9)=5), regular access to
a computer with an Internet connection, access to a cellphone,
being motivated to participate in treatment of depressive
symptoms, and being aged older than 18 years. Exclusion criteria
were suffering from other severe disease or illnessthat hindered
participation in the study, admission to hospital during the last
month due to HF, other treatment planned during the
intervention that had been assessed as likely to hinder
participation (such as surgery or planned inpatient treatment),
severe level of depressive symptoms assessed as needing
inpatient treatment, and high level of suicide risk or other
psychiatric disorder assessed as making the intervention
unsuitable. Patientswho had perceived themsel ves as depressed
or feeling down during (at least) the last 2 weeks and felt
motivated and ready to participate in the study were invited to
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register their interest and perform a Web-based screening on
the study website. Computer/Internet literacy was not acriterion
for inclusion or exclusion. However, recipients interested in
participation had to register on the study website and complete
a Web-based screening form including an assessment of
depressive symptoms by means of the PHQ-9, self-reported use
of medication, comorbidities, NY HA class, and demographics.

A total of 64 patients completed the Web-based screening form
and 58 were found to be possible candidates for inclusion.
Candidates were contacted by telephone to check any
uncertainties in the screening forms and to prevent multiple
registrations. A structured phone assessment using the Mini
International Neuropsychiatric Interview Swedish revised
version 5.0.0 [21] was conducted to detect symptoms of other
psychiatric health problems or suicidality that could hinder

Lundgren et a

participation in the intervention, as shown in Figure 1. Two
candidates were excluded because of suspicion of other mental
illness and 3 candidates were excluded because they reported
no depressive symptoms during the phone interview despite a
screening PHQ-9 >4. During the phone call, the participant
received detailed information about the study procedures. The
50 patients remaining after the telephone interview underwent
baseline assessment and were randomized to either the ICBT
group or the discussion forum group (DF group). Randomization
was performed by a person blinded to screening and baseline
data using Stata v.13 proc Ralloc with a block size of two. All
participants gave written informed consent. No financial
compensation was given to the participants. Theregional ethical
review board in Linkdping, Sweden approved the study (dnr
2011/166-31). The study is registered at clinicaltrials.gov
(NCT01681771).

Figure 1. Flow diagram of participants. DF, discussion forum; HF, heart failure; ICBT, Internet-based cognitive behavioral therapy; PHQ-9, Patient

Health Questionnaire-9.
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Intervention Procedure

Each participant received a password and a user name. Login
to the Web portal (to access the treatment program, feedback,
secure email, and assessment forms) required a 2-factor
authentication system (requiring both a user name and password
login and asingle use code sent to a preregistered mobile phone)
to protect sensitiveinformation. If technical problems occurred,
both the therapist and the participants could get support from a
computer technician.

http://www.jmir.org/2016/8/e194/

RenderX

ThelCBT program has been described in detail el sawhere[20].
Compared with the ICBT program tested in the proof-of-concept
study and based on the findings that many of the participants
in proof-of-concept study reported that the intervention was
quite demanding in some parts, ashort nonmandatory rel axation
exercise was added in module 3. No changes were made to the
program during the trial. To summarize, the ICBT program
consisted of 7 consecutive modulesthat were worked with over
9 weeks (Table 1). Each module contained texts to be read and
assignments to be completed by the participants. Written
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feedback was provided on each assignment. Participants could
ask questions about the feedback or the content of the module
using the secure email system. A mental health specialist nurse
with experience of HF care provided feedback and answers
within 24 hours during weekdays. The mental health nurse was
supervised by a clinical psychologist and could consult a
cardiologist and nurses speciaizing in HF care if needed.
Participants who did not complete modules were reminded by
personalized manually written emails, a maximum of 3
reminders were sent during a consecutive period of 2 weeks.
Screenshots from different parts of the treatment platform are
available (Multimedia Appendix 1), and amore comprehensive

Lundgren et a

tour of the platform is available (Multimedia Appendix 2).
Patients who were randomized to the DF group participated in
amoderated discussion Web-based forum where new discussion
topics were presented each week over a 9-week period. The
topic was introduced without any extended background in a
presentation consisting of statements and questions (Table 1).
The discussion was performed in writing. Participants made
their posts in discussion threads for each topic. To minimize
waiting time, the participants in the DF group were allocated
to 2 groups (n=12 and n=13) based on the dates they were
enrolled in the study. All participants in the DF group were
offered ICBT after the completion of the study.

Table 1. Overview of the guided Internet-based cognitive behavioral therapy program and the discussion forum.

Module  ICBT (content and CBT® component) DF° (topic/question for discussion) Week

1 Introduction (values and goals) HF%: what do you know about HF? 1

2 Living with The effect of HF on everyday life: do you have any tips 2
heart failure (psychoeducation) you would like to share about handling HF?

3 Depression/depressive symptoms and heart failure (psy-  Self-care: do you have any methods that make self-care 3
choeducation) easier that you can share with the othersin the DF?
Nonmandatory relaxation exercise

4 Behavior activation 1: to enable change Physical activity: have you been recommended physical 4
activity? What isgood or bad about physical activity when
suffering from HF?

Health care contacts: do you prepare yourself before 5
health care appointments? Do you have any tips you can
share with the others?

5 Behavior activation 2: to implement change Health literacy: if you do not get answersfromthe hedth 6
care system, do you look for information in other ways?

Do you have any tips on where one can find information
about health and diseases such as HF and depression?

The effect of HF and depression on significant others: do 7
you think that your health affects your relationships with
others? If so, in what ways?

6 Problem solving: atool for dealing with problems The effect of HF and depression on significant others: 8
how do you handle situations where your health affects
other? Do you have any good examples of how to handle
this that you can share?

7 Consummation Summarizing: are there questions/topics that have not 9

been discussed that you would like to address? How did
you perceive the DF?

3 CBT: Internet-based cognitive behavioral therapy.
bCBT:cognitive behavioral therapy.

°DF:discussion forum.
9HF:heart failure.

M easur ements

Self-assessed datawere collected on the Web at baseline (before
the start of the intervention) and after the end of week 9in the
intervention. The data collection system for the follow-up was
accessible for the participants from the 63rd day after the start
of the intervention and could be completed during a 3-week
period. All dataexcept activity in the program was self-reported.
Participants who did not complete outcome measures were
reminded to do so by email up to 3 times.

http://www.jmir.org/2016/8/e194/

Depressive Symptoms (Primary Outcome
M easurement)

Depressive symptoms were measured with the sel f-administered
PHQ-9[22]. The PHQ-9isa9-iteminstrument for measurement
of depressive symptoms during the previous 2 weeks. Eachitem
is answered on a 4-grade scale where zero means that the item
does not affect the person, and scores 1 to 3 indicate that the
item affects the person for periods ranging from severa days
to aimost every day. The answers are summed to a total sum
score in the range 0-27, with higher numbers representing a
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higher level of depressive symptoms. Proposed cutoff values
are 0-4 for no depressive symptom, 5-9 for mild depression,
10-14 for moderate depression, 15-19 for moderately severe
depression, and 20-27 for severe depression [23]. PHQ-9 has
been tested for reliability and validity in patients with HF [24].
The Web-based version of PHQ-9 has demonstrated good
interformat reliability [25]. Cronbach’s apha of the PHQ-9 in
this study was .81 (baseline) and .82 (follow-up).

Cardiac Anxiety (Secondary Outcome M easurement)

The Cardiac Anxiety Questionnaire (CAQ) [26] was used to
measure cardiac-related anxiety. CAQ isan 18-item self-rating
instrument. Item scoresrange from O (never) to 4 (always). The
total sum and mean total (range from 0 to 4) can be calculated
for CAQ. The CAQ consists of 3 subscales. fear, avoidance,
and heart-focused attention. CAQ has demonstrated good
psychometric properties [26]. Cronbach’s alpha of the CAQ in
this study was total scale .87 (baseline) and .85 (follow-up);
subscale of fear .83 and .80; subscal e of avoidance .89 and .88;
subscale of heart-focused attention .69 and .70.

QoL (Secondary Outcome M easurement)

QoL was measured with the disease-specific instrument
Minnesota Living with Heart Failure questionnaire (MLHF)
[27]. MLHF is a 21-item self-rating instrument. Each item is
scored on a 6-point Likert scale (no, O to very much, 5). The
total score isin the range 0-105, and a lower score indicates
better QoL. The MLHF can be divided into physical and
emotional factors. The reliability of MLHF has been reported
as good [28,29]. A change of 5 points has been suggested as
clinically important [30], Cronbach’salphaof the MLHF inthis
study wastotal score .93 (baseline) and .93 (follow-up); physical
.91 and .90; emotional .93 and .92.

Activity in the ICBT Program

Activity in the program was calculated by the number of
modules that the participants worked with (ie, the module had
been assigned to the participant and the participant had done
some activity related to the module, eg, handed in an assignment
or posted messages regarding the module to the feedback
provider; ICBT group only) as well as the number of loginsto
the Web portal during the 9-week period (both groups). Data
concerning activity was aggregated from the Web portals log.

Statistical Methods and Power Analysis

Analysis of participants characteristics was performed with
descriptive statistics (mean, standard deviation, percent, and
frequencies). For continuous variables, assumptions of normality
were checked and primary outcome measurements were found
suitable for parametric analysis. Analysis of covariance

http://www.jmir.org/2016/8/e194/
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(ANCOVA) adjusting for baseline scores and regression to the
mean [31] was used for comparison between groups (ie, ICBT
vs DF). Paired samples t tests were used for within-group
comparisons. Effect sizewas calculated with Cohen’sd. A small
effect isconsidered to be between 0.2 and .0.5, amedium effect
is considered between 0.5 and 0.8, and a value above 0.8 is
considered to be alarge effect. Pearson’s r or Kendall's tau-b
were used to analyze associations with change in the level of
depressive symptoms. A chi-square test was used for nominal
data, and if the expected number of observations was less than
5, Fisher’s exact test was used. Subtracting the baseline sum
from the follow-up sum gave a figure indicating the change in
level of depressive symptoms. A negative value meant a
decrease of depressive symptoms, whereas a positive value
meant an increase of depressive symptoms at the follow-up
compared with baseline. All analyseswere performed according
to theintention-to-treat principle, regardless of actual completion
of the ICBT program or DF.

A total of 18% (n=9) of the participants had missing data at the
follow-up measurement. Missing values anaysiswas performed
and data missing completely at random was assumed because
there were no significant differences between background
variablesfor participants with complete data versusincomplete
data, and Little stest for missing completely at random was not
significant (x(111, N=50)=82.07, P=.98). Missing valueswere
imputed using the Expectation-Maximization (EM) method.
Based on observed values, EM imputes missing values based
on maximum likelihood estimates in an iterative process [32].
Subgroup analysiswas performed on participants with complete
data. Power analysis showed that a total of 104 participants
were needed (effect size=0.5, alpha=.05 (Z=1.96), power 0.80
(2-0.84). Statistical analysiswas performed using IBM SPSS,
version 23 and Microsoft Excel 2013. P value <.05 was
considered as significant.

Results

The characteristics of the participants are presented in (Table
2). Most (n=29, 59%) of the participants were men, and the
mean age was 63 years (range 23-80). Participants in the DF
group reported significantly more prescription of diuretics (x*(1,
N = 50)=4.67, P=.03) and sleep medications (x*(1, N=50)=3.95,
P=.047). Participants who did not complete the follow-up
assessment (n=9) did not significantly differ at baselinein level
of depression (PHQ-9 t (48)=1.89, P=.07), cardiac-related
anxiety (CAQt (48)=-0.55, P=.60), or QoL (MLHFt (48)=0.69,
P=.50) from those who completed the assessment.
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Table 2. Participants' characteristics.

Total (n=50) ICBT group (n=25) DF group (n=25)
Demographics
Age, M (SD) 62.9 (12.8) 63.6 (13.9) 62.3 (11.7)
Men, n (%) 29 (59) 15 (60) 14 (58)
Cohabitation® n (%) 37(76) 19 (76) 18 (75)
Level of depression at screening PHQ-9, M 11.5 (4.8) 11.8 (4.4) 11.2(5.2)
(SD)
HFbsymptoms and treatment
NYHACS class, n (%)
[ 11(22) 8(32) 3(12)
Il 20 (40) 12 (48) 8(32)
m 18(36) 5(20) 13 (52)
v 1(2 0(0) 1(4)
Dyspnead, n (%) 48 (96) 24 (96) 23(92)
Fatigue®, n (%) 49 (98) 25 (100) 24 (96)
Swollen legs or feet’ n (%) 23 (46) 14 (56) 12 (48)
Time with HF>6 month/<6 month, n (%) 45/5 (88/10) 22/3 (88/12) 23/2 (92/8)
Previously hospitalized due to HF, n (%) 36 (72) 17 (68) 19 (76)
Beta blocker, n (%) 44 (88) 22 (88) 22 (88)
ACE—Ie/ARBf, n (%) 47 (94) 22 (88) 25 (100)
Diuretics, n (%) 34(68) 14 (56) 20 (80)9
Comorbidities, n (%)
Ischemic heart disease 18 (36) 8(32) 10 (40)
Hypertension 26 (52) 11 (44) 15 (60)
Arrhythmia 26 (52) 14 (56) 12 (48)
Diabetes 7(14) 2(8) 5 (20)
Pulmonary disease 6 (12) 1(4) 5(20)
Stroke or TIA 11 (22) 4(16) 7(28)
Kidney disease 1(2 1(4) 0(0)
Cancer 5(10) 3(12) 2(8)
Other psychiatric disorder” 2(4) 2(8) 0(0)
Pharmacological antidepressive, anxiolytic, or sleep medication
Antidepressives 9(18) 9(12) 6 (24)
Anxiolytics 2(4 1(4) 1(4)
Sleep medication 14 (28) 4 (16) 10 (40)¢

8Cohabitation includes participants that live with someone in along-term relationship (including married). Not living with partner includes participants
who were divorced, with partner deceased or living alone.

PHF, heart failure.

°NYHA, New York Heart Association.

d&/mptoms reported to affect the participant very severely to little have been collapsed and reported as presence of symptoms.
€ACE-|, angiotensinogen-converting enzyme inhibitor.

fARB, angiotensin receptor blocker.

9Significant difference between CBT and discussion groups (P<.05).
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hSeh‘—reported: anxiety disorder (n=1) and drug dependence (n=1).

Primary Outcome: Level of Depressive Symptoms

In the primary ANCOVA analysis, there was no significant
difference in depressive symptoms between the ICBT and the
DF group at the follow-up [F (1,47)=1.63, P=.21] Cohen'sd=
0.26. Secondary within-group analysis showed that depressive
symptomsin patientsinthe ICBT group decreased significantly

Lundgren et a

from baseline to the follow-up (Figure 2) (baseline M = 10.8,
SD=5.7 vs follow-up M=8.6, SD=4.6, t (24)=2.6, P=.02.
Cohen’s d=0.43). In the patients in the DF group, a small
nonsignificant change in depressive symptoms was found
(baseline M = 10.6, SD=5.0, vsfollow-up M = 9.8, SD=4.3, t
(24)=0.93, P=.36. Cohen’s d= 0.18).

Figure 2. Mean values for PHQ-9 at baseline and follow-up in the 2 groups (n=25 ICBT and n=25 DF). DF, discussion forum; ICBT, Internet-based

cognitive behavioral therapy; PHQ-9, Patient Health Questionnaire-9.
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Secondary Outcomes: Cardiac-Related Anxiety and
QoL

Between group comparison (ie, ANCOVA, ICBT vs DF)
showed no statistically significant difference in the CAQ total
score [F(1,47)=0.51, P=.48], Cohen’sd= 0.18, subscale of fear
[F (1,47)=1.57, P=.22], Cohen"s d=0.43, subscal e of avoidance
[F(1,47)=0.11, P=.74], Cohen’s d= 0.17, and subscae of
heart-focused attention [F(1,47)=0.39, P=.54], Cohen’sd= 0.08.
In the secondary within-group analysis, the ICBT group showed
a decrease in the total CAQ score and in the subscale of fear.
Thedecrease in the subscale of fear was statistically significant
(baseline M=1.55, SD=0.73 vs follow-up M=1.35, SD=0.60, t
(24)=2.18 P=.04. Cohen’s d=0.30), see Figure 3, but the
decreasein thetotal scorewas not significant (baseline M=1.60,
SD=0.58 vs follow-up M=1.49, SD=0.49, t (24)=1.25, P=.22.
Cohen’s d= 0.31). In the subscales of avoidance and
heart-focused attention, no significant changes were found
(Multimedia Appendix 3). In the DF group, no significant
changesin any of the CAQ scales were found (total P=.86, fear
P=.92, avoidance P=.82, heart-focused attention P=.83).

Between-group analysis(ie, ANCOVA, ICBT vsDF) of MLHF
revedled no significant differences for the total score [F
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(1,47)=2.87, P=.09], Cohen’s d= 0.51, the physical factor [F
(1,47)=3.35, P=.07], Cohen’sd= 0.56, and the emotional factor
[F(1,47)=0.20, P=.66], Cohen’s d= 0.37. The change in scores
from baseline to the follow-up for the total score and the
physica and emotional factors in the MLHF is shown in
Multimedia Appendix 4. In the ICBT group, the mean total
score decreased by 6.0 points, by 2.4 points in the physical
factor and by 0.3 points in the emotional factor. None of the
differences were statistically significant; total score baseline
M=41.8, SD=20.5vsfollow-up M=35.8, SD=15.3, t (24)=1.79,
P=.09, Cohen’sd= 0.33; the physical factor, baseline M=17.5,
SD=8.7 vs follow-up M = 15.1, SD=7.5, t (24)=1.62, P=.12,
Cohen’s d= 0.28; baseline M=10.8, SD = 7.2 vsfollow-up M
= 10.5, SD = 6.4, 1 (24)=0.31, P=.76, Cohen’s d= 0.05. In the
DF group, the mean total score decreased by 1.9 points, by 0.2
pointsin the physical factor, and by 0.8 pointsin the emotional
factor. None of the differences were significant; baseline
M=47.1, SD=24.0 vsfollow-up M=45.3 SD=21.3, t (24)=0.64,
P=.53, Cohen’s d= 0.08; the physical factor baseline M=20.0,
SD=10.6 vsfollow-up M = 19.8, SD=8.9, t (24)=0.14, P=.89,
Cohen’s d= 0.02; the emotional factor baseline M=13.7, SD =
6.3 vs follow-up M = 12.9, SD = 5.6, t (24)=0.91, P=.37,
Cohen’sd= 0.14.
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Figure 3. Changein cardiac anxiety—mean values for subscale of fear in the 2 groups (n=25 ICBT and n=25 DF). ANCOVA: [F(1,47)=1.57, P=.22],
total scale range for CAQ (mean values): 0-4. ANCOVA, analysis of covariance; CAQ, Cardiac Anxiety Questionnaire; DF, discussion forum; ICBT,

Internet-based cognitive behavioral therapy.
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Relationship Between Factorsand Changesin
Depressive Symptoms

The median number of modules performed in the ICBT group
was 4. Six (24%) of the participants in the ICBT group had
worked with all 7 modules and 15 (60%) had worked with at
least 4 modules (ie, 57% of the program). There was no
significant relationship between the number of modules
completed and the change in depressive symptoms (1,=.13,
P=.46). In the ICBT group, the number of logins to the Web
portal was significantly related to the change in depressive
symptoms (ie, improvement in depressive symptoms) (r=-.50,
P=.02) a similar relationship was found in the DF group
although not as strong and not significant (r=-.32, P=.17). Age
had a negative correlation with number of loginsin the ICBT
group (r=—.67, P<.001). In the DF group, this correlation was
not so strong and not significant (r= -.24, P=.25).

The level of depressive symptoms at screening was not
associated with the level of depressive symptoms at the
follow-up. A separate analysis of participants with PHQ-9 =10
at screening (ICBT n=18, DF n=15) showed no significant
difference between groupsin the level of depressive symptoms
at thefollow-up [F (1,29)=1.30, P=.26] nor of participantswith
PHQ-9 <15 (ICBT n=19, DF n=19) [F (1,34)=0.82, P=.37].
Higher age correlated significantly with less change in
depressive symptoms (r=.54, P=.01) in the ICBT group and
women (n=8, complete cases) (M = -3.4, SD=4.6) had a
significantly higher mean change in depressive symptoms
compared with men (n=13, complete cases) (M=-0.08, SD=2.6)
t (19)=2.12, P=.048. Cohen’s d= 0.89. The severity of HF as
assessed by NYHA class was not associated with a change in
depressive symptoms.
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Follow-up

Discussion

Principal Findings

To our knowledge, this is the first study evaluating an ICBT
program aimed at decreasing depressive symptoms in patients
with HF. The recruitment of participants was more difficult
than expected. Based on a prevalence of depressive symptoms
among HF patients at approximately 20% [1], we expected
about 571 of the 2852 contacted the patients have a significant
level of depressive symptoms. However, only 80 patients
registered as interested and 50 were found to be eligible for
inclusion. Other studies of CBT in HF also appear to have
difficulty in achieving sample sizes corresponding to power
analysis[14,15,33]. Dueto practical and economic reasons, we
chose to end the study without achieving the targeted sample
size. Other recruitment strategies may be more effective.
However, there may also be a structural problem in reaching
out to patients with HF and depressive symptoms. This is
because depressive symptoms can reduce patients
decision-making process due to ambivalence and impaired
cognitive functioning [34]. Our primary analysis could not detect
any significant difference in the reduction of depressive
symptoms between the ICBT and DF groups; this may be
explained by the dight reduction of depressive symptoms in
the DF group. Dekker et al [35] reported similar results where
depressive symptoms decreased in HF patients who received a
brief CBT intervention or received standard care before
discharge from hospital. The within-group analysis of depressive
symptoms showed asignificant decreasein the ICBT group but
not in the DF group. These findings are in line with previous
studies reporting that CBT for depression is significantly
superior compared with no treatment, but only nominaly
superior compared with psychological placebo [33,36] such as
the DF in our study. Studies specifically on HF patients with
depressive symptoms also suggest that an active intervention,
such as CBT or placebo with attention control such as DF can
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reduce depressive symptoms to a greater extent than standard
care [14,15,37]. Designing a new ICBT program is a complex
process [38]. Our program is to our knowledge one of the first
ICBT programsfor patientswith HF and depressive symptoms.
Furthermore, HF patients are often older compared with other
patient groupstreated with ICBT. Therefore, thereisaneed for
more research to gain knowledge on how to design or redesign
ICBT programs for the HF population. A possible future
approach to achieve optimal results in treatment of depressive
symptoms in HF could be a stepped care model [39] where
patients could start with atype of DF or physical exercise, and
if the depressive symptoms did not improve, ICBT could be
added. However, such models have to be evaluated in further
studies.

The secondary outcomes of CAQ and MLHF did not show any
significant difference between the ICBT group and the DF
group. However, in the ICBT group, a lower cardiac-related
anxiety in the subscale of fear and an increased QoL wasfound
in the within-group analysis. The increase in QoL of 6 points
in the total MLHF score was not statistically significant;
however, a change of 5 pointsin MLHF has been proposed as
ameasure of aclinically important change [30].

It is common for depressive symptoms in patients with HF to
coexist with anxiety [11]. Anxiety CBT treatment can have a
better effect on depressive symptoms than CBT for depression
in patients with HF [40]. Thus, anxiety and worries may need
special attention when designing or redesigning ICBT
interventions for patients with HF and depressive symptoms.

We also found that the age and sex of the participant may need
to be taken into account. Higher age and male sex correlated
with less change in depressive symptoms in the ICBT group.
Older peopleto some extent seem to benefit from CBT [20,41];
however, the evidence of benefit for them is greater in
problem-solving therapy [42,43]. Our ICBT program relied to
alarge extent on behavioral activation and to alesser extent on
problem-solving therapy [20]. Most patients with HF are older
and vulnerable, which raises an important question of whether
problem-solving therapy should be used to a greater extent in
future studies, as proposed by Alexopoulos et a [44]. Women
showed more positive effects compared with men in the ICBT
group. This is in line with the results of other ICBT studies
[45,46]. However, sex as a predictor of outcome of CBT
delivered by other modalities has shown inconsistent results;
men have been reported to have a better response in telephone
and face-to-face CBT [47]. Moreresearch isneeded to determine
whether CBT and ICBT should be adapted to the different sexes.

The cornerstone of CBT isto encourage participantsand involve
them in the treatment [48]. We found that activity in the
program, as indicated by the number of logins, correlated
significantly with a change in depressive symptoms. This
suggeststhat hel ping participantsin ICBT programsto be active
isimportant for apositive outcome. In our program, participants
who did not follow the pace of the program were reminded to
do so by email. In contrast, others have used more intensive
reminder techniques of both text messages and phone calls, and
thereby achieved ahigher adherenceto ICBT treatment [49,50].
This indicates that more direct reminders can motivate less
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active participants. The number of modules performed did not
correlate with level of depression at follow-up. The reasons for
this have not been investigated in this study. However, during
the study, we experienced that some patients early in the
program reported that they felt better and therefore did not
proceed with the next module. This may have affected the result
negatively, thus one may speculate that patients might have
improved even more if they had completed the program. Our
study has shown that ICBT for HF patients with depressive
symptoms is feasible. However, further research is needed to
develop effective ICBT programs for depressive symptoms in
HF patients. Furthermore, this study only evaluated the effect
directly after the intervention; thus, the long-term effects of
ICBT on depression in patients with HF need to be evaluated
in future studies.

The generalizability of theresultsislimited for several reasons.
One major limitation of our study is that it is underpowered.
Post hoc power calculation for this study showed a power of
16% and a need for 462 patients to be included to achieve a
statistically significant result as regards depressive symptoms.
A reason for the need for such a large sample could be floor
effects, because patientswith mild depression werea soincluded
(PHQ-9=5). A reason for including these patients is that even
mild depression has a strong negative impact on QoL in HF
patients [51]. The mean age in the study sample was lower
compared with the HF population in the community
(approximately 78 years) [52]; thus, it is unclear how the
program works in older HF patients. Furthermore, the study
could only include patients with access to a computer and the
Internet, and therefore, the results cannot be generalized to
patients without such access. On the other hand, in Sweden,
42% (n=355 793) of the population aged older than 75 years
use computers and the Internet at home. Thisfigureis expected
to rise to approximately 80% in the coming 5-10 years [53].
Thereis a potential limitation in relying on self-reported data.
However, al patients were identified by diagnostic codes for
HF from electronic hospital records and were contacted by
telephoneto verify their reported medication and comorbidities.
There were twice as many participants taking an anti depressant
medication in the DF group compared with the ICBT group.
Thereason for thisnot being statistically significant is probably
due to low power in the study. Subgroup analysisin this study
hasto beinterpreted with caution dueto the limited sasmple size.
Missing data were imputed using the EM method. Although
Littles” test indicated that the missing data in our study appear
to be missing at random, this can never be certain, and missing
dataand imputation can carry arisk of bias. Initially, al analysis
was performed on both nonimputed data and imputed data, and
we found no significant differences between the analysis with
the exception of the ANCOVA on the physical factor of QoL,
which presented a significant difference between the groups on
nonimputed data but not on imputed data. There were more
patients reporting use of antidepressive medication
(nonsignificant) and sleep medication (significant) in the DF
group. We do not think that this had any major impact on our
result. For example, pharmacological antidepressive treatment
in HF patients has shown a poor effect on depression [37]. The
lack of power of thisstudy may also haveresulted in differences
not being detected between participants completing the
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intervention and dropouts. Neverthel ess, we think that our study
is important since interventions for patients with HF and
depressive symptoms are not widely studied. To our knowledge,
our study is one of the first to investigate the effect of ICBT in
HF and depressive symptoms. Development of new
interventionsis an iterative process[38] and although clear-cut
results may be desirable, the novelty of the research areamakes
this unlikely. With our study’s limited sample size and its

Lundgren et a

recruitment difficulties, the results may best serve as a
foundation for further research rather than as clinicd
recommendations.

Conclusion

Guided ICBT adapted for persons with HF and depressive
symptoms was not statistically superior to participation in a
Web-based DF. However, within the ICBT group, a statically
significant improvement of depressive symptomswas detected.
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Abstract

Background: Integrating stakeholder involvement in complex health intervention design maximizes acceptability and potential
effectiveness. However, there is little methodological guidance about how to integrate evidence systematically from various
sources in this process. Scientific evidence derived from different approaches can be difficult to integrate and the problem is
compounded when attempting to include diverse, subjective input from stakeholders.

Objective: Theintent of the study wasto describe and apprai se a systematic, sequential approach to integrate scientific evidence,
expert knowledge and experience, and stakehol der involvement in the co-design and devel opment of acomplex health intervention.
The development of a Web-based lifestyle intervention for peoplein retirement is used as an example.

Methods: Evidence from three systematic reviews, qualitative research findings, and expert knowledge was compiled to produce
evidence statements (stage 1). Face validity of these statementswas assessed by key stakehol dersin aco-design workshop resulting
in a set of intervention principles (stage 2). These principles were assessed for face validity in a second workshop, resulting in
core intervention concepts and hand-drawn prototypes (stage 3). The outputs from stages 1-3 were trandlated into a design brief
and specification (stage 4), which guided the building of afunctioning prototype, Web-based intervention (stage 5). This prototype
was de-risked resulting in an optimized functioning prototype (stage 6), which was subject to iterative testing and optimization
(stage 7), prior to formal pilot evaluation.

Results. The evidence statements (stage 1) highlighted the effectiveness of physical activity, dietary and social roleinterventions
in retirement; the idiosyncratic nature of retirement and well-being; the value of using specific behavior change techniques
including those derived from the Health Action Process Approach; and the need for signposting to local resources. Theintervention
principles (stage 2) included the need to facilitate self-reflection on available resources, personalization, and promotion of links
between key lifestyle behaviors. The core concepts and hand-drawn prototypes (stage 3) had embedded in them the importance
of time use and work exit planning, personalized goal setting, and acceptance of a Web-based intervention. The design brief
detailed the features and modules required (stage 4), guiding the development of wireframes, module content and functionality,
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virtual mentors, and intervention branding (stage 5). Following an iterative process of intervention testing and optimization (stage
6), the final Web-based intervention prototype of LEAP (Living, Eating, Activity, and Planning in retirement) was produced
(stage 7). The approach was resource intensive and required a multidisciplinary team. The design expert made an invaluable
contribution throughout the process.

Conclusions. Our sequential approach fillsan important methodological gap in the literature, describing the stages and techniques
useful in developing an evidence-based complex health intervention. The systematic and rigorousintegration of scientific evidence,
expert knowledge and experience, and stakeholder input has resulted in an intervention likely to be acceptable and feasible.

(J Med Internet Res 2016;18(8):€210) doi:10.2196/jmir.5790

KEYWORDS
intervention studies; health behavior; retirement; Internet

Introduction

Leading international bodiesin health and social care research
and governance advocate the integration of stakeholder
involvement in the design and development of novel health
interventions [1-3]. Stakeholder input in intervention
development is important to ensure that the intervention is
relevant and useful for those peopl e or groupswho have or could
haveaninterestinit. This, inturn, hasthe potential to maximize
the acceptability and potential effectiveness of theintervention.
Contemporary methods for designing products or services have
moved away from using materia and supplier-centered
processes to more socia and user-centered processes [4];
consequently, design-oriented approaches to hedth care
innovation are being more widely recognized [5-7]. Involving
relevant stakeholders as co-designers of health interventions
allows the stakeholders to help define the health care problem
and identify preferred intervention solutions [8-12]. Divergent
and convergent thinking may result in the generation of new
intervention ideas and selection of the best idea available.
Intervention ideas are prototyped and explored hands-on,
through sequentia processesto rehearsethefuture[4,7]. Despite
the growing use of co-design techniques in health care
innovation, there is no explicit, replicable, and accepted
description of their application in the development of complex
health interventions.

Stakeholder involvement alone is not sufficient for effective
intervention development. A range of research methods also
needsto be applied, including careful consideration of existing
evidence of need, and for effectiveness and cost-effectiveness
of interventions to tackle the specific problem. Qualitative
research provides depth of understanding to the relevant issues.
Evidence-based medicine has been formally recognized as one
of modern medicine's most important milestones [13] and is
applied increasingly acrossthefieldsof public health, behavioral
medicine and health, and socia care. Systematic and rigorous
methods, including systematic reviews, meta-analyses, and
meta-syntheses, for identifying and evaluating the evidence
base and identifying and developing theory are key elements
in the process of devel oping complex health interventions[14].
Quantitative and/or qualitative data are synthesized to draw
conclusionsabout likely intervention effects and potential effect
modifiers. For example, the active ingredients or features of
interventions, such as behavior change techniques (BCT)
associated with more positive behavior change and theory

http://www.jmir.org/2016/8/e210/

underpinning effective interventions, can beidentified [15-19].
These conclusions can then be used to inform the devel opment
of novel interventionsincluding the featuresthat are most likely
to be effective[20,21]. This systematic and theoretical approach
to intervention devel opment, along with accuracy of reporting
theintervention protocol, facilitate the eval uation and replication
of the intervention. While this approach to evidence synthesis
is desirable, in practice it can be challenging because of the
absence of established methods to guide the application of
evidenceto the specific population or clinical contextin building
acomplex intervention [22,23].

Qualitative research methods help inform the development of
complex healthinterventions[24,25]. Interviews, focus groups,
and observational methods can explore the needs, attitudes,
behavior, and contextual factors of the specific population and
health topic under investigation [26]. The outcomes of such
qualitative research can help intervention developers identify
potential further intervention effect modifiers, which may inform
tailoring of the intervention, thereby increasing the likelihood
that the intervention will be accepted and effective.

In practice, intervention developers are likely to use deductive
and inductive research methods to generate the evidence base
onwhich the novel intervention isbased. Mixed-method studies
attempt to bridge the epistemological differences between
guantitative and qualitative data acquisition approaches [27].
Such an inclusive approach to evidence synthesis, integrating
different forms of scientific evidence, can be challenging,
especially when mixed-method findings conflict [28]. Moreover,
methodol ogical guidance on how to integrate thisevidence with
stakeholder needs and preferences is lacking. This paper aims
to fill this important methodological gap, describing and
appraising asystematic and sequential approach to intervention
development, drawing on techniques of co-design. Specifically,
wedetail the stages and techniques used to integrate quantitative
(systematic review) and qualitative (interviews and focus
groups) evidence, and expert knowledge and experience to
engage stakeholders in a co-design process. The process is
illustrated through the development of a Web-based lifestyle
intervention (Living, Eating, Activity, and Planning in
retirement; LEAP) to promote health and well-being of people
in retirement.
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Methods and Results

Overview

An iterative co-design process involving sequential validation
of the evidence, generation of intervention ideas, and
prototyping, testing, analyzing, and optimizing theintervention
was followed. This processis described as a series of stagesin
which each stage in the process resulted in output(s) to inform
the design of the intervention. After each stage, the research

O'Brienet d

team discussed and analyzed the output(s) and critically reflected
on the process. Outputs from each stage were used subsequently
as inputs to the next stage of development. The methods and
results of each stage are therefore presented sequentially. Figure
1 displays an overview of the methods employed and outputs
derived at each stage.

The context and underlying rationale behind developing a
Web-based lifestyle intervention to promote health and
well-being of peoplein retirement is presented in the following
summary.

Figure 1. Overview of the systematic, sequential approach to intervention co-design and development.

Stage1

Systematic reviews:
identify the
effectiveness & cost-
effectiveness of existing
interventions and
features

wider evidence base
and relevant experts

Co-design workshop 1- fest evidence statements and brainstorm new intervention ideas

Co-design workshop2: validate the intervention principles and develop core concepts

Translating outputs: develop a design brief and intervention spec-iiicaiiun

Intervention build: produce a functional version of the intervention (digital, material,
service)

Co-design workshop3: ‘de-risk the prototype (test functionality and identify required
changes)

Summary of the I ntervention Development Context

Retirement from full-timework isalife transition that has been
shown to be associated with changes in key lifestyle factors.
Some cross-sectional and longitudinal studies have shown that
people engage in more healthy behaviors with retirement
[29-31]. However, the evidenceisinconsi stent and other studies
have shown reduced physical activity (PA) [32,33], lesshealthy
dietary behavior [34], and aloss of perceived status and purpose
[35]. The population health and well-being benefits of physical
activity, a hedthy diet, in particular one based on a
Mediterranean dietary pattern, and social engagement are well
documented [36-38]. Despite recent evidencethat today’s ol der
adults are healthier than they were 10-20 years ago [39], with
aglobally ageing population and the accompanying increasein
the prevalence of chronic ill health and morbidity [40],
maintaining a healthy lifestyle into later years is vital for
individual well-being and to lessen the burden on society.
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Asengagement with key health and social behaviorsmay change
in retirement, the retirement transition offers a unique window
of opportunity to intervene to improve health and well-being
of older adults[41]. A small number of studies have delivered
lifestyle interventions in the retirement transition [42-45], and
systematic reviews synthesizing datafrom thislife stage provide
support for their effectiveness [46-49].

A predefined priority for the research team was to develop a
personalized, scalable, sustainable, and potentially cost-effective
intervention. Web-based interventions can be tailored to the
individual user and may be more compatible with modes of
accessing information and support (eg, by mobile phone) in
future cohorts of older people. They aso have greater potential
for wide scae use in the target population. As such, the
possibility of a Web-based intervention was a planned
consideration of the research team.
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Figure 2 detail sthe process by which the sequential intervention  The specific outputs of each stage in the development of LEAP
development approach (detailed in Figure 1) was applied to  are presented.
develop LEAPR, aWeb-based lifestyleintervention in retirement.

Figure2. Applied example: integrating systematic review, qualitative research and other evidence with stakeholder engagement in a co-design process
to develop the LEAP intervention.

Stage 1

(Systematic reviews: Qualitative research: Other evidence: )
a) physical activity d) experiences of the e) wider evidence base
b) Mediterranean dietary retirement transition, for behaviour change
pattern wellbeing and later life ) consultation with

\c) social roles experts /

v

Outputs: Evidence Statements

a) Increase in physical activity at 12 months, less evidence beyond. BCT feedback particularly
associated with effectiveness.

b) Sustained increase in fruit and vegetable intake. Behavioural Change Technique goal setting,
identifying barriers, social support, feedback and prompting, associated with effectiveness.

c) Providing explicit social roles produces most benefits.

d) Retirement transitions are diverse and often prompted by unanticipated changes, forming context
for wellbeing. Wellbeing is idiosyncratic (resources). Support to plan to use resources (health,
financial and social) to achieve personally meaningful goals. Later life is an uncertain stage ‘beyond’
retirement, therefore goals focused on the retirement transition may be most effective [51, 52].

e) Importance of planning, self-efficacy and self-regulatory strategies in line with the Health

Action Process Approach [53].

f) Signposting intervention users to local community resources such as walking groups, social

clubs, citizens advice and volunteering opportunities

Stage 2 ‘

Co-design workshop 1: persona building, retirement experience mapping, generating ideas
and storyboarding

Outputs: Principles Underpinning the Intervention

Self-reflection on financial, time, social, health and community resources
Personalisation to match individual circumstances, preferences and goals

Social relationships linked to being active and eating healthily to reduce social isolation

Stage 3 ‘

Co-design workshop 2: persona building, mapping retirement week, work-exit planning,
profile set-up questions, and hand-drawn prototyping

¥

Outputs: Core Concepts and Hand-Drawn Prototype(s)

Time use and work exit planning: assess current situation, receive feedback and encourage planning
new activities

Personalised goal setting based on available resources; self-monitoring and goal review of physical
activity eating well and social activities

Validation of web-based intervention concept ensuring support to use is available = Illustrations of
content and how intervention works

Stage 4 i

[ Translating outputs: developing a design brief and intervention specification ]

v

Outputs: Design Brief for the Web-Based Intervention (details in text and Appendix)

Stage 5 ‘

Intervention build: creative and web development company contracted to build web-based
intervention

Outputs: Functional Web-Based Intervention Prototype

Wireframes of intervention modules addressing the core concepts (time use, work exit, physical
activity, eating well, social roles & relationships)

Defined module content and functionality (decision trees)

Virtual mentors to guide intervention use

Branding the intervention

Stage 6 J

[ Co-design workshop 3: test functionality, usability and aesthetics of web-based prototype ]

v

Outputs: List of Required Revisions of Intervention Prototype
User feedback to identify where amendments, refinements and optimisation of the functioning
digital intervention are required

Stage 7 i

Iterative intervention optimisation: to further test and optimise revised versions of the
intervention

Output: Final Web-Based Intervention Prototype for Formal Testing
LEAP (Living, Eating, Activity and Planning in retirement)
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Stage 1. Compiling the Evidence Base

Stage 1 Procedure

Evidence from systematic reviews, qualitative research, and
other sources, including the wider evidence base for behavior
change and consultation with rel evant experts, was summarized
by the research team.

Stage 1 Analysis
The evidence was recorded as a list of “evidence statements’

[50] that informed the aims and content of co-design workshop
1 (stage 2).

Stage 1 Outputs

The evidence statements are listed in Figure 2 and descriptions
of the evidence are enlarged upon in Multimedia Appendix 1.
The systematic reviews, which in part underpinned these
statements, have previously been published [18,19,47-49].

Stage 2: Co-design Workshop 1

Stage 2 Participants

A total of 42 stakeholders participated in co-design workshop
1. Participants included 12 members of the research team (6
workshop facilitators and 6 scribes), 22 adults aged 55 years or
over (9 males) as potential intervention users, and 8 health and
socia care professionals (3 males) from the voluntary sector
and public health organizations, whose role was related to
improving health and well-being of people in retirement. The
research team included health researchers from a range of
disciplinesinvolved inimproving health and well-being in older
people and with combined expertisein design, behavior change,
public health, physical activity, nutrition and dietetics, and social
gerontol ogy.

Older adults from local older people’s forums were sampled
purposively to represent men and women at different stagesin
the retirement transition and from diverse socioeconomic
backgrounds.

Stage 2 Procedure

The aim of stage 2 (co-design workshop 1) was to determine
thefacevalidity of the evidence statements and brainstorm new
intervention ideas, which were informed and inspired by the
evidence statements. In preparation, discussion among the
research team identified that the qualitative work provided the
context in which theintervention would be built. The qualitative
work emphasized individual experiences through retirement;
retirement was commonly experienced as a process rather than
a discrete event. The systematic review evidence and the
theoretical framework of the Health Action Process Approach
provided recommendations regarding intervention content,
modalities, and timings. Through these discussions, theresearch
team identified the need for co-design techniques that could
combine descriptive, context-rich narratives with more discrete
evidence regarding health and social behaviors.

The workshop took place in a university space. Participants
were divided into small groups, each comprising older adults,
health and social care professionals, one facilitator, and one
scribe. Facilitators guided the structure and timing of the

http://www.jmir.org/2016/8/e210/
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workshop, and scribes recorded participants comments and
idess.

The first technique used in the workshop was the co-design of
a persona. As retirement is both a process and idiosyncratic,
“personabuilding” [51] wasauseful techniquein order to orient
each group to real world issues in retirement. Each group of
workshop participants was assigned a different personawith a
description that was a composite of different accounts and
experiences of participants in the qualitative study and from
clinical experience of the research team. The personas
represented male and female older adults from a range of
socioeconomic positions (see Multimedia Appendices 2 and 3).
Each workshop group considered one of the behaviors examined
in the systematic reviews [47-49]. For example, Jeff was said
to be physically inactive but had enjoyed being active when he
was younger.

The second technique was “ experience mapping” [52] of the
retirement transition. To generate intervention ideas including
considering when it would be most needed, accepted, and
potentially effective, we mapped different retirement pathways
identified in the qualitative study. Each group considered the
possible key stages in the persona’s retirement transition such
as “ Jeff gets made redundant,” “ Jeff retires” and “ Jeff gets a
part-time job.” This technique allowed participants to discuss
how the persona might feel during the retirement transition,
reflecting on their own experiences. Each group generated
intervention ideas that would help tackle the specific health,
social, or resource challenges of the personain each scenario.
In particular, groups were asked to consider Web-based
intervention ideas. Drawing on evidence statements regarding
the importance of the local environment and community
resources to facilitate behavior change, groups were presented
with amap of the persona’slocal area and asked to think about
whether local resources could support the intervention ideas
generated.

“Wild cards’ representing random eventsthat might disrupt the
retirement story were introduced to mimic the unpredictable
nature of real life and challenge the participants to consider
whether these eventswould alter the retirement story. The wild
cards also provided opportunities to discuss how specific
intervention features, such as behavioral change techniques,
could be incorporated in the persona’s retirement pathway.

Thethird technique was“ storyboarding” [53]. Thisallowed the
group to pull their different ideas together to form a new
intervention to support an ideal retirement experience for their
persona. The intervention ideas from each group provided an
outline of apotential intervention, which was defined to include
its name, how it would be signposted or advertised, featuresto
encourageinitial and longer-term engagement, and thelifestyle
behaviorsit would help to promote.

Stage 2 Analysis

Shortly after the workshop, the facilitators prepared detailed
notes to capture group discussions and describe how the
participants tackled each activity, reflecting on the key insights
and ideas discussed within each group. Analyzing the outputs
of the workshop activities revealed recurring design ideas (ie,
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broad goals for theintervention), which became the “ principles
underpinning theintervention.” Theintervention principleswere
derived from validating the acceptability and importance of the
evidence statements with potential users, and therefore the
principlesreflected the context in which the intervention would
be built and ideas for intervention content, modality, and timing.
These principles were further explored and developed by
stakehol ders at subsequent workshops (co-design workshops 2
and 3, described below) to generate more tangible ideas for
products and features for the intervention. The method used to
analyze the facilitator notes and workshop materials resembles
thematic analysis [54], a technique that allows for the
identification of repeated patterns of meaning. As used here, it
captured design ideas in addition to themes.

Stage 2 Outputs

The outputs of co-design workshop 1 were the potential
intervention ideas from each of the six groups. The potential
intervention components, resources for the intervention, and
the key design priorities were identified by the research team.
The most common themes and featuresin theintervention ideas
formed the following intervention principles:

1. Sdf-reflection on financia, time, social, hedth, and
community resources; theintervention should provide practical
assistance in planning or structuring activities focusing on key
life events rather than age;

2. Personalization to individual circumstances, preferences,
and goals, providing a flexible intervention with individual
feedback and tailored support from a mentor;

3. Sacial relationships linked to being physically active, eating
healthily, in order to reduce risks of social isolation, promote a
sense of social support, and share experiences in an engaging

way.
Stage 3: Co-design Workshop 2

Stage 3 Participants

A total of 20 stakeholders participated in co-design workshop
2: 6 members of the research team (3 facilitators and 3 creative
facilitators) and 14 older adults (6 males). Older adults were
recruited from local forums as before.

Stage 3 Procedure

Co-design workshop 2 aimed to obtain user feedback on the
intervention principles derived from co-design workshop 1.
Feedback was used to assess face validity of the principles and
to develop the core intervention concepts. The workshop took
place in alocal community meeting space and lasted 4 hours
including refreshment breaks. Participants were divided into
three groups, each of which was led by a workshop facilitator.
Each group was aso supported by a creative facilitator with
design expertise, who sketched the intervention ideas as they
were being generated and facilitated the development of
hand-drawn prototypes of potential interventions using paper
Web browser templates. Web browser templates were used to
explicitly explorethe acceptability of a\Web-based intervention.

In preparation for this workshop, the design expert identified
further co-design techniques to facilitate the presentation and
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interaction with specific aspects of the intervention principles
using Web browser visual materials and prompts. “ Prototyping”
was akey technique used to communi cate ideas, which enabled
the progression of thinking through physical making, a safe
space for failure leading to faster learning, and encouragement
and permission to explore new behaviors [55].

Validation of the self-reflection intervention principle was
conducted using mock-ups of a work transition tool with
interactive graphs and texts. This tool, which supported
individuals to reflect on possible work exits (eg, retiring fully,
reducing hours) or re-entry (eg, returning to employment) as
identified in the qualitative work [56], was developed in each
workshop group.

To further explore the personalization intervention principle,
participants were asked to consider what questions the
intervention platform should ask to learn about the persona’s
attitudes and habitsin relation to the target lifestyle behaviors.
The answers to these questions would shape how the
intervention could be personalized to meet the persona’s needs,
circumstances, and goals. Participants wrote the questions on
cards, placed them in a natural conversational order, and
considered optionsfor how they could be presented (eg, written
text, video clips, and images).

The co-design technique of personabuilding was used to further
explore and validate the social relationships intervention
principle, while also providing further opportunity to explore
the act of planning included in the self-reflection principle.
Groups mapped a typical week during retirement, focusing on
the absolute and relative time the persona engaged in lifestyle
behaviors related to being physically active, eating healthily,
and spending time with other people.

Stage 3 Analysis

Detailed notes capturing each group’s discussion, how the
participants tackled each activity, and key feedback on the
intervention principleswere produced by thefacilitators. Using
thematic-based analysis as in stage 2, facilitator notes and the
hand-drawn prototypes of potential interventionswere analyzed
to identify recurring design ideas and intervention user
requirements, and to define the core intervention concepts,
which reflected the intervention principles and thetarget lifestyle
behaviors of physical activity, healthier eating, and social roles.

Stage 3 Outputs

The outputs of co-design workshop 2 were core intervention
concepts and the hand-drawn prototypes of novel interventions,
which served to document how theintervention principleswere
validated through user feedback. The “work transition” and
“mapping aretirement week” tools were evaluated as enabling
self-reflection; providing feedback on financial, time, and social
resources (including considering how social relationships can
be linked with other activities during a week); and facilitating
future goal setting and planning. Seeing when new activities
could take place was deemed to be extremely vauable,
providing insight into potential spare time. It also served to
prompt people to set boundaries (eg, ensuring they did not
overcommit to looking after grandchildren) and goals.
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A core set of personalization questions were defined whose
answerswould alow theintervention to betailored to individual
needs and goals. Theresult was alow-fidelity (limited function)
prototype of the user registration component of theintervention,
with each webpage hand-drawn on a deck of paper templates.

The magjority of participants welcomed a Web-based
intervention, acknowledging the benefits of having access at
home and at convenient times, and the intrinsic ability of a
Web-based intervention to be tailored to the individual.
However, there were concerns that some individuals may feel
unsupported by technology and conseguently disengage from
the intervention, further reinforcing the need for support from
a mentor outlined in the personalization design principle.
Potential cost-effectiveness and scalability of the intervention
were predefined priorities of the research team. Therefore,
providing access to someone to support use of the intervention,
such as a health care assistant, was considered unfeasible.
Consequently, therole of avirtual mentor within the Web-based
intervention, who could help the user explore retirement
transition options and lifestyle behaviors, was explored and
positively appraised.

The research team identified common themes and features of
the hand-drawn prototypes that related to the target lifestyle
behaviorsto form the following core intervention concepts: (1)
time use and work exit planning as an opportunity to assess
current financial, time, and social resources, receive feedback,
and encourage the planning of new activities, (2) personalized
goa setting based on identified available resources,
self-monitoring of behavior, and regular reviewing of lifestyle
goals, and (3) a Web-based intervention as an acceptable mode
of delivery, providing that support to useis available.

Stage 4: Trandglating OutputsInto a Design Brief and
Specification

Stage 4 Procedure

The aim of this stage was for the research team to examine,
critically evaluate, and trandate the outputs from the previous
stages into a detailed design brief and specification document
to inform the intervention build.

Stage 4 Analysis

The evidence statements (stage 1), design principles (stage 2),
hand-drawn prototypes, and core intervention concepts (stage
3) were examined for recurring design ideas and intervention
requirements across al outputs. These ideas and requirements
were evaluated critically by the research team for concurrence
with the team’s predefined priorities, the intervention
development context, and their suitability to support the
promotion of the target lifestyle behaviors.

Stage 4 Outputs

The output was a design brief and specification document
detailing the aim of the intervention and the design features it
should include (see Multimedia Appendix 4). The design brief
stated the need for an interactive website including a set of
intervention tool sto support peopleto have ahealthier and more
fulfilling retirement. The design specification detailed the
following design features that the intervention should include:
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personalized, scalable, sustainable, interactive, digital, user flow
through theintervention, and visually and functionally engaging.
The following intervention sections or modules to be included
were also detailed: user profile, work-exit and cost of living,
time and activity planner, physical activity, eating well, and
socia relationships.

Stage 5: Intervention Build

Stage 5 Procedure

Theaim of this stage wasto produce afunctional version of the
intervention prototype. This involved a tendering process to
identify a Web development company that would support the
building of afunctional Web-based intervention prototype. The
design brief and specification were included in the tender. The
research team worked closely with the contracted company
throughout the process, holding regular face-to-face meetings
to discuss emerging ideasfor presenting theintervention content,
to order and structure the intervention modules, and to maximize
user engagement with the intervention.

Stage 5 Outputs

Wireframes for the intervention modules, detailed module
content, and decision trees guiding user flow through the
intervention were developed. Wireframes are simple images
that show how a website and its webpages are structured and
how the content is arranged. A set of six “virtual mentors”
connected, if desired, to audio files recorded by local actorsto
provide cultural links were al so devel oped to guide and support
users through the intervention. The final output of this stage
was afunctioning Web-based intervention prototype for testing
and optimization with stakeholders (see M ultimedia A ppendices
5-14).

Stage 6: Co-design Workshop 3

Stage 6 Participants

A tota of 37 stakeholders participated in co-design workshop
3: 8 members of the research team as facilitators and 29 older
adults (12 males). Older adultswere recruited from local forums.

Stage 6 Procedure

The am of the third and final co-design workshop was to
“de-risk” the prototype [57] through testing intervention
functionality and identifying necessary modifications using a
cognitive walkthrough activity [58]. The final workshop took
placein auniversity space. Participantswere divided into small
groups, each of which was led by a workshop facilitator. The
intervention de-risking techniques focused on exploiting user
experiencetesting. Participantswere provided with atablet and
asked to use the intervention with the aim of testing its
functionality, usability, and aesthetics. Feedback, queries,
technical and functional issuesthat participants expressed were
recorded by the group facilitator on printed screenshots of each
page of theintervention. Thetechnique of personabuilding was
used as the vehicle for the group to navigate the intervention
from the perspective of the persona.

Stage 6 Analysis
Thefeedback and issuesidentified by each group were collated
by the facilitators. Technical and functional issues were added
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toalist of required revisionsto theintervention prototype. Other
feedback, such as comments relating to the design, esthetics,
or content of the intervention, was considered by the research
team to ascertain whether the revisions were feasible and
essential.

Stage 6 Outputs

The output of this stage was a comprehensive list of revisions
to theintervention prototype required to improve user experience
and acceptability of theintervention. Identified revisionsto the
prototype included (1) refining color contrasts and font size,
(2) revising text content, order, and position, (3) including an
intervention overview page, adashboard summarizing the parts
of the intervention with which the user has already engaged,
and a diary summarizing the user’s activities scheduled for the
following weeks, (4) adding progress bars for questionnaires,
and (5) providing optionsto hear the mentor’svoice and viewing
the time planner as a calendar or pie chart. An optimized
functioning intervention prototype was produced following the
amendments and refinements.

Stage 7: Iterative I ntervention Optimization

Stage 7 Participants

A group of 30 representatives of stakeholders (potential
intervention users, researchers, and health and social care
professionals) provided feedback on the revised intervention
prototype.

Stage 7 Procedure

The aim of this final stage was for the revised intervention
prototype to be further tested by stakeholders to identify

http://www.jmir.org/2016/8/e210/
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additional ways to improve and refine the intervention. This
stage adopted an iterative testing, user feedback, and
intervention refinement process whereby optimization occurred
in parallel with testing to ensure that new or revised features
werealso tested. Theresearch team liaised closely with the Web
development company to ensure that optimization occurred
promptly and efficiently.

Stage 7 Outputs

Theoutput wasafinal prototype Web-based intervention, ready
for formal field testing in apilot randomized controlled tria (to
be reported elsewhere). The intervention was named LEAP
(Living, Eating, Activity, and Planning in retirement). Table 1
[16,18,19,38,56,59-64] presents a summary of LEAP
intervention modules, tools and interactive features, and the
evidence on which each element was based.

Ethical Approval

This work was conducted as part of the LiveWell program.
Ethical approva was acquired from Newcastle University Ethics
Committee (No 00423). Informed consent was obtained from
participantsin the qualitative study. The workshops were based
on a co-design methodology where all stakeholders (research
team, older adults, and health professionals) held shared “ power”
in the development of the new intervention. No personal data
were collected, thus ethical consent to participate in the
workshops was not obtained. However, informed consent was
obtained for the purpose of photographically recording the
activities at each workshop.
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Table 1. The LEAP features and modules, and the objective(s), tools, and evidence on which they were based at different stages of the intervention
development process.

LEAP section/ module Objective(s) LEAP tools Evidence base
User profile Register the user and set Qualitative research found that retirement transitions and
preferences available resources are idiosyncratic. The user profile supports

thetailoring of LEAP to addressthe variable nature of retirement
transitions [56,59]. Preliminary information about the user’'s
retirement stage, physical activity, diet, and social circumstances
is captured and used to tailor the introduction of the related

module.
Intervention overview Providean overview of the Interactive carousel Co-design workshop 3 identified the need for an overview to
(Multimedia Appendices Modules and their objec-  overview of modules. provide aguideto theintervention modules and tools, including
5-7) tives, and guidance on the emphasizing the intended dip-in and dip-out nature and user-
general functions and fea- determined flow through the intervention.
t f LEAP. Set -
allj r;se? erences person Opt-infor LEAPto be Co-design workshop 1 identified the need for a mentor to sup-

) ) personalized and supported  port user journey through the intervention. This idea was ap-
(mentor, email bulletin). by 3 virtual mentor. One  praised positively during co-design workshop 2. Virtual mentors
of eight mentors could be  were devel oped and optimized during co-design workshop 3.
chosen with the option of

hearing their voice or

reading the text.

Opt-into receive weekly  Systematic review of dietary interventions found that the BCT
email bulletin summariz-  follow-up prompts was associated with greater intervention ef-
ing recent usage of LEAP  fectiveness[19]. Self-regulation promptsfor action control [60]
and prompt revision of is an effective behavior change strategy [61].

goals and plans

(BCT: follow-up prompts,
goal review).

Time module Reflect on current and de-  Interactive calendar or pie  Qualitative research indicated that assistanceto reflect on current
(Multimedia Appendix 8) sired futuretime use over  chart time planner. and future time use wasimportant. Considering how time might
the retirement transition. be spent in retirement (eg, additional care of relatives, unstruc-
tured time) might help identification of personalized goals (eg,
aneed for astructured role or activity) and potentia barriers/fa-
cilitatorsto goal achievement [56]. Thismodule provides space
and tools for the user to think through the possibilities and op-
portunities for lifestyle behaviors, goals, and aspirations.

Co-design workshop 1 found that a time reflection tool would
be useful. Co-design workshop 2 found that providing achoice
of how the time planner tool is presented (calendar or pie chart
style) is desirable and that this module was valuable to “ set the
scene” for other modules, where activities could be considered
and scheduled.

Changing Work module ~ Consider financial and Interactive bar chartsand  Qualitative research indicated that finances and modes of work
(Multimedia Appendix 9) work situation as partici-  graphsto visualize differ-  transition (eg, full to part-time, fully retire, retired to part-time)
pant movesthroughthere-  ent retirement trgjectories  areidiosyncratic and lay the foundation for different retirement
tirement transition. and the effect onincome  experiences and the adoption and maintenance of lifestyle
and expenditure. choices [59]. This module allows the user to consider their cir-
cumstances and opportunities to engage in new activities

(eg, continuing working reduces available free time but the
continued income could mean can retire earlier).

Co-design workshop 1 showed that awork exit tool was ap-
praised positively by potential users. Co-design workshops 2
and 3 further developed and refined this tool.
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LEAP section/ module Objective(s) LEAP tools Evidence base
Moving More module Awareness of current Pedometer to facilitate Physical activity was a predefined target behavior.
R _ Vs ity level. t-monitori :
(MultimediaAppendix 10) Physical activity level self-monitoring, goal set Systematic review of physical activity suggested that the BCT

Opportunity and toolsto  ting including step-count,

engage in seif-regulation  receivefeedback, schedule providing feedback was associated with greater long-term effec-

tiveness [18]. Evidence for the effectiveness of other self-regu-

f PA. activities, identify barriers, ) S X X
© VITes, IceniTy Darrlers lation BCTsto promote PA, in line with the Health Action
and revisit and review step Pr A N [16.62-64
and activity goals 0cess Approach [16,62-64].

(BCT sdlf-monitoring, goal  Co-design workshop 1 confirmed that the BCTs of self-moni-
setting behavior and out-  toring, goal setting, and action planning were acceptable to
come, goal review, action  stakeholders and potentially valuable for most. Co-design
planning, barrier identifica-  workshops 2 and 3 further developed and refined this module.
tion).

Being Social module Explore potential benefits  Interactive social relation- Social connectedness was a predefined target behavior.

(MultimediaAppendix 11) of having a meaningful ship mapping, social role
occupation/ role or spend-  case studies and schedule
ing time with significant  activities
others. (BCT: action planning).

Systematic review of social roles suggested that interventions
providing explicit roles with group support were effective [48].
Thesocial rolestool providesresourcesto exploreexplicit roles.

Participating in social relationships has been identified in the
literature as key to well-being in later life [38].

Qualitative research confirmed the importance of social relation-
ships but did not identify a clear opportunity for intervention
[56].

Co-design workshop 2 identified a potential intervention
mechanism through a relationship reflection tool, supporting
by structured suggestions for maintaining and building socia
relationships.

Eating Well module Awareness of current diet  Mediterranean diet quiz A predefined target behavior.
(MultimediaAppendix 12) and provision of informa-  and feedback, goal setting,

tion to make diet more recipe book, schedule try- Systematic review of Mediterranean dietary patterns suggested

that the BCTs of goal setting, identifying barriers, feedback,

Medit i le. i ipe, identif ) . .
Iterranean in style L:;gria;?’v ar:jcrlgl?silt :rrl]dl r)é and follow-up prompts were associated with greater effective-
view goas ness [19].

(BCTs: information about  Co-design workshop 1 identified the need for a self-assessment
consequences of behavior, tool to appraise fit between current diet and Mediterranean
goal setting behavior and ~ eating pattern, with personalized feedback and suggestions to
outcome, goal review, ac-  improve.

tion planning, barrier iden- Co-design workshop 2 confirmed acceptability of themodule's

tification). core functions, including personal goal setting, feedback, and
follow-up prompts, in line with BCTsidentified in systematic
review [19]. A meal planner and recipe guide were also judged
acceptable.
Co-design workshop 3 confirmed acceptability of the barrier
identification and coping planning features. Stakeholders sug-
gested improvements to interface usability and clarity.
Diary Schedule PA, tryinganew Intelligent design remem-  Thisfeature arose in co-design workshop 3 and was devel oped
(MultimediaAppendix 13) Mediterranean diet recipe  bers previously named subsequently as away to summarize the activities a user had
or social activity forthe  significant others and scheduled and link with the weekly email bulletin to encourage
current and following promptsto add themtothe revisiting the intervention to update data, get feedback, revise
week. scheduled activity goals and plans, and schedule new activities. Evidence for the

(BCT: action planning). effectiveness of self-regulation behavioral change techniques
to promote health behaviors, in line with the Health Action
Process Approach [16,18,19,62-64].

knowledge and experience with stakeholder involvement to
develop an evidence-based complex hedlth intervention. We
have detailed the stages employed including the co-design
) S o o techniques used and the outputs produced, and have
This paper’s key contribution is providing a description of @ yemonstrated the application of the approach in the development

systematic, sequential approach to integrating scientificevidence ot | AP 4 Web-based lifestyle intervention for people in the
from systematic reviews, qualitative research, and expert

Discussion

Principal Findings
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retirement transition. Here we provide a critical appraisal of
this approach.

Strengths and Limitations

The approach presented in this paper follows and complements
the Medica Research Council (MRC) guidance for the
devel opment of complex healthinterventions[14]. Asadvocated
in this guidance, our approach applied systematic and rigorous
methods to identify and evaluate the evidence base and the
theoretical basis for a novel intervention. In addition, we have
described the practical stagesand methodsrequired to integrate
this evidence with stakeholder input. Specifically, we have
utilized co-design methodology to facilitate stakeholder
engagement and input, which can be modified and refined to
suit the specific intervention context and target population. Our
approach adds to recent studies using co-design techniques for
health care innovation [5-7] providing a concrete example of
how to apply these methodsin the devel opment of a Web-based
lifestyle intervention in retirement.

Our intervention development approach follows seven distinct
stages, each of which has the following strengths, limitations,
and challenges. Stage 1, “compiling the evidence base,” is an
essential component of intervention development [14], but
depending on the size and extent to which the evidence base
has been interrogated previoudly, this stage can be resource
intensive, which may be a barrier for projects with scarce
resources. Inthe example of developing LEAR, therewaslimited
existing evidence for the effectiveness of lifestyle interventions
in retirement and on experiences of the retirement transition.
The wider evidence base for behavior change and knowledge
of local resources with which the intervention could link were
evidence sources that already existed yet required explicit
interrogation in relation to the intervention objectives.

A challengefaced during stage 2 co-design workshop 1 involved
the use of personas. Some stakeholders struggled with this
concept initially but when the purpose of using a persona was
further explained by researchers, stakehol ders engaged with the
process. In addition, many stakeholders found that the wild
cards, used to assess how specific BCTs could be incorporated
in the persona’s retirement pathway, were too abstract and
difficult to grasp, thus limiting the assessment of their potential
value and acceptability in the intervention. However, allowing
stakeholders to explore how BCTs work in practice using a
prototype intervention at a later stage in the intervention
development process (stage 4) was found to be more effective.

The possibility of a Web-based intervention was a planned
consideration of the research team as the aim of the LiveWell
program, set out in the funding agreement, was to develop a
personalized, scalable, sustainable, and potentially cost-effective
intervention. However, a Web-based i ntervention was suggested
as a potential mode of delivery for the intervention by several
of the groups of stakeholders in this workshop. A strength of
using co-design techniques is that they can be used to support
stakeholders to explore the evidence base for a novel
intervention but they can also be used to stimulate the creation
of other intervention ideas. Although aWeb-based intervention
was a planned consideration of the research team, we were
cognizant of the potential limitations related to the so-called
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digital divide and subsequent health inequalitiesin intervention
access and use [65]. This issue was further explored in the
formal pilot evaluation of LEAP (reported elsewhere).

The success of stage 2 co-design workshop 1, stage 3 co-design
workshop 2, and stage 4 trandlating outputs into a design brief
and specification, relied critically on contributions from our
design expert. During stage 2, the design expert identified
established co-design techniques, including persona-building
and storyboarding, to facilitate the development of persona
narratives within the scope of the qualitative evidence, and as
a means to punctuate these narratives with opportunities to
pursue the specific lifestyle behaviors identified in the
systematic reviews. They aso ensured that the evidence
statements, written in scientific terms, weretrandated into plain
English and presented in a visualy engaging way so that they
were accessibleand interesting for all participants. During stage
3, the design expert guided the creative facilitators to sketch
the intervention ideas generated and prototype potential
interventions. When testing prototypes, the researchers observed
that the level of fidelity of the prototypes was important;
sketched ideas were easier for participants to engage with than
more detailed mock-ups of one part of the intervention were,
which wasinterpreted asafinished product inviting little useful
feedback [66]. These visual aids served both as prompts for
discussion in the workshop and as illustrations of design ideas
for usein stage 4.

The challenge of stage 4 was to ensure that recurring design
ideas contained in the prototypes were translated into specific
featuresfor tools, modules, or requirements of theintervention.
Here, the design expert supported the production of a design
brief and specification that reflected the outputs from previous
stages while also detailing the intervention content and function
that should be included in the intervention build.

A challenge of stage 6 co-design workshop 3 was that some
user feedback suggested revisions to the prototype that were
deemed unfeasible or non-essential by the research team and
therefore were not addressed in the revisions. For example,
idiosyncratic feedback about the value of particular modules or
features indicated that not al parts of the intervention would
be useful to all users. Rather than trying to anticipate which
parts of the intervention would be most valuable to a user on
the basis of their user profile, the team decided to emphasizein
theintervention overview that LEAPisdesigned to allow auser
to choose which modules or featuresto engage with, in an order
of their choice. This would also allow an individua to revisit
other parts of theintervention at alater date when perhapstheir
needs and priorities had changed.

The challenge of trandating requirements from multiple
perspectives and evidence sources (i.e., people with experience
of retirement, organizations, and subject experts) alongside the
scope and stated aims of the research program required that
pragmatic compromises were made. Decisions were taken
through discussion by the research team. In addition, the
contracted Web-development company had many design
decisionsto makein the functional intervention build that were
not directly influenced by co-design stakeholders until the
prototype testing stages.
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A strength of our approach isthat it draws on the diverse skills
of amultidisciplinary team with expertisein arange of research
methodologies, including systematic reviewing, qualitative
enquiry, and intervention co-design and development. Teams
also need the subject expertise required to devel op the particul ar
intervention, which in our case included PA, nutrition and
dietetics, social gerontology, and information technology
expertise.

Comparison of our |ntervention Development
Approach With Other Approaches

Our sequential approach fills an important methodological gap
in the complex health intervention development literature
providing the description and appraisal of how to integrate
systematic review, qualitative research, and other evidence with
stakeholder engagement in a co-design process. Other
approaches have advocated the integration of user perspectives
in intervention development, demonstrating the importance of
conducting qualitative research with a wide range of people
from the target user populations at every stage of intervention
development, from planning to feasbility testing and
implementation [25,67]. In addition, the application of co-design
techniques in health care intervention development has been
demonstrated [8-11]. Our approach valuestherole of qualitative
research and stakeholder input in intervention devel opment but
also details how to integrate systematic review evidence in the
process, which isanimportant component of the MRC guidance
[14]. Moreover, we provide detailed information on the stages
and methods required to follow the approach to develop an
intervention that is not only evidence-based but aso fits the
needs of intervention stakeholders, thereby increasing the
likelihood of the intervention being acceptable and feasible. A
6-step guide [68] attemptsto fill the methodological gap in the
literature by providing a guide of how to develop public health
interventions from defining the problem and identifying the
modifiable causal and contextual factors through to collecting
preliminary evidence of effectiveness. Our approach
complements this guide describing the specific methods and
co-design techniques that can be employed at each step.

Asillustrated by our example of devel oping L EAP, the approach
we have tested enables a clearly documented description of the
intervention development process including the evidence on
which each intervention feature/characteristic was based and
the potential causal mechanisms of change in terms of BCTs
used (see Table 1). Documenting the processin thisway ensures
that the intervention can be clearly described and reported,
facilitating future replication. Thus our approach supports
researchers to conform to the Template for Intervention
Description and Replication (TIDieR) intervention reporting
guidelines [69] and to develop an intervention logic model or
“theory of change,” which can direct an evaluation of the
effectiveness of the intervention as advocated in the MRC
guidance on process evaluation of complex interventions [70].

Implications of our Approach

The approach we present provides a sequential description of
the methods needed to pursue evidence and theory-based
complex health intervention development. The co-design
techniques we employed, namely persona building [56],
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experience mapping [59], storyboarding [60], and prototyping
[43], originate from product and service design adopting asocial
and user-centered process [4]. Co-design techniques have been
used to involve stakeholders as co-designers in health care
innovation and intervention development [5-11]. Our approach
addsto thisgrowing body of literature providing an explicit and
replicable description of how to apply the techniques using the
example of the development of LEAP, a complex lifestyle
intervention for people in the retirement transition.

As discussed, the approach can be labor and time intensive. In
theillustrative example of developing LEAP, alarge proportion
of the project timeline was attributed to delivering the outputs
of stage 1. Conducting high-quality systematic reviews is a
lengthy and resource-intensive process, which in our example,
included additional work to identify the associations between
intervention features and effectiveness. This was a necessary
stage in the process as current systematic review evidence of
interventionsfor PA, Mediterranean dietary patterns, and social
roles for people in retirement did not exist. Where recently
conducted, high-quality systematic reviews exist, these can be
used to devel op the evidence statements to inform intervention
co-design (stage 2), maximizing the time and resources available
for the later stages of designing, building, and de-risking the
intervention.

Further Work

We have demonstrated that a sequential approach can be applied
to the development of a Web-based lifestyle intervention for
people in retirement. Further work is needed to apply this
approach to other areas of health intervention development.
Further application and refinement of this approach would help
build evidence about its utility and acceptability. Thisin turn
could support the development of formal guidance on this
process.

The final output of our approach to intervention devel opment
is a functiona prototype (in our case, the Web-based
intervention LEAP) ready for formal testing to ascertain the
effectiveness of theintervention. Web-based interventions have
significant promise to reach the rapidly expanding older adult
population who areincreasingly becoming routine Internet users
[71] and have been shown to have positive effects on lifestyle
behaviors, including PA, in older adults[72-74]. Thefeasibility
and acceptability of LEAP has been formally tested in a pilot
randomized controlled trial (NCT02136381), which will be
reported elsewhere. The pilot data will be used to inform the
design of a definitive evaluation of the effectiveness and
cost-effectiveness of LEAP.

Conclusions

This paper fillsan important methodol ogical gap in the complex
health intervention development literature by describing and
appraising a systematic, sequential approach to the co-design
and development of an evidence-based complex health
intervention. Using the exampl e of the development of the LEAP
intervention, we haveillustrated the application of thisapproach
and detailed the stages and techniques followed, integrating
guantitative and qualitative evidence (derived from systematic
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reviews and qualitative research), expert knowledge and experience, and stakeholder involvement.
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Abstract

Background: Regular physical activity (PA) isrecommended for persons with chronic obstructive pulmonary disease (COPD).
Interventions that promote PA and sustain long-term adherence to PA are needed.

Objective:  We examined the effects of an Internet-mediated, pedometer-based walking intervention, called Taking Healthy
Steps, at 12 months.

Methods: Veterans with COPD (N=239) were randomized in a2:1 ratio to the intervention or wait-list control. During the first
4 months, participants in the intervention group were instructed to wear the pedometer every day, upload daily step counts at
least once aweek, and were provided accessto awebsite with four key components: individualized goal setting, iterative feedback,
educational and mativational content, and an online community forum. The subsequent 8-month maintenance phase wasthe same
except that participants no longer received new educational content. Participants randomized to the wait-list control group were
instructed to wear the pedometer, but they did not receive step-count goals or instructions to increase PA. The primary outcome
was health-related quality of life (HRQL) assessed by the St George's Respiratory Questionnaire Total Score (SGRQ-TS); the
secondary outcome was daily step count. Linear mixed-effect models assessed the effect of intervention over time. One participant
was excluded from the analysis because he was an outlier. Within the intervention group, we assessed pedometer adherence and
website engagement by examining percent of days with valid step-count data, number of log-ins to the website each month, use
of the online community forum, and responses to a structured survey.

Results: Participants were 93.7% male (223/238) with amean age of 67 (SD 9) years. At 12 months, there were no significant
between-group differences in SGRQ-TS or daily step count. Between-group difference in daily step count was maximal and
statistically significant at month 4 (P<.001), but approached zero in months 8-12. Within the intervention group, mean 76.7%
(SD 29.5) of 366 days had valid step-count data, which decreased over the months of study (P<.001). Mean number of log-ins
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to the website each month also significantly decreased over the months of study (P<.001). The online community forum was
used at least once during the study by 83.8% (129/154) of participants. Responses to questions assessing participants goal
commitment and intervention engagement were not significantly different at 12 months compared to 4 months.

Conclusions: An Internet-mediated, pedometer-based PA intervention, although efficacious at 4 months, does not maintain
improvements in HRQL and daily step counts at 12 months. Waning pedometer adherence and website engagement by the
intervention group were observed. Future efforts should focus on improving features of PA interventions to promote long-term
behavior change and sustain engagement in PA.

ClinicalTrial: Clinicaltrials.gov NCT01102777; https://clinicaltrials.gov/ct2/show/NCT01102777 (Archived by WebCite at
http://mww.webcitation.org/6iyNPOK UC)

(J Med Internet Res 2016;18(8):€215) doi:10.2196/jmir.5622
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bronchitis, chronic; emphysema; pulmonary disease, chronic obstructive; quality of life; exercise; motor activity; Internet

Introduction

Physical activity (PA) is significantly reduced in persons with
chronic obstructive pulmonary disease (COPD), even at the
earliest stages of disease [1-3]. Itsclinical courseis punctuated
with acute exacerbations, during and following which persons
suffer further reductionsin PA [4,5]. Asadisease with systemic
consequences, COPD increases vulnerability to frailty,
immobility, and loss of functional independence. Despite
optimal pharmacological therapy, persons with COPD suffer
from adownward spiral of breathlessness, deconditioning, and
physical inactivity [6]. Comorbidities of cardiovascular disease,
diabetes mellitus, and osteoporosis contribute to further
reductionsin PA [7,8].

Physical activity is a modifiable health behavior that affects
COPD-specific outcomes[9-14]. It has been shown that agreater
quantity of low-intensity PA reduces risk of COPD
hospitalizations, whereas high-intensity PA does not result in
risk reduction [15]. In a cohort of persons with COPD, those
who walk the least have risks that are 2 and 6 times higher for
acute exacerbations and COPD-related hospitalizations,
respectively, compared to those who walk the most [12]. In
addition, persons with COPD with higher PA levels have a
significantly lower risk of dying, independent of forced
expiratory volumein 1 second (FEV ) [14]. The Globa Initiative
for Chronic Obstructive Lung Disease (GOLD) guidelines
recommend regular PA for all persons with stable COPD as
part of standard nonpharmacological treatment [6].

Despite the evidence and recommendations, effectivelong-term
PA interventionsarelacking intheclinical care of patientswith
COPD. Most studies of long-term exercise interventions have
examined methods to maintain exercise in the subset of persons
with COPD who have completed a conventional pulmonary
rehabilitation program [16-21]. These interventions have
combined weekly- or monthly-supervised exercise classeswith
unsupervised home exercise, support groups, and/or telephone
contact with a health care professional, showing mixed results
over the long term [16-21]. Strategies that promote behavior
change and long-term adherence to effectively sustain PA in all
persons with COPD are needed.

We developed an  automated, Internet-mediated,
pedometer-based walking program called Taking Healthy Steps

http://www.jmir.org/2016/8/e215/

to promote PA in persons with COPD. Taking Healthy Steps
combines the Omron HJ720 ITC pedometer (Omron
Healthcare, Inc, Bannockburn, IL, USA) with adisease-specific
website accessed via a URL. Taking Healthy Steps provides
iterative step-count feedback, individualized step-count goals,
education on disease self-management, motivational support,
and an online community of social support [22-27]. We studied
the efficacy of Taking Healthy Stepsin arandomized controlled
trial (tria registration: Clinicaltrials.gov NCT01102777) [27].
The conceptual framework, study design, and results at 4 months
have been described previously [26,27]. We have shown that
Taking Healthy Steps is safe and engaging, and improves
health-related quality of life (HRQL) and increases daily step
count at 4 months [25-27]. In this study, our primary aim was
to assess the long-term efficacy of Taking Healthy Steps on
HRQL and daily step counts, a marker for walking behavior
change, at 12 months. Our secondary aim was to assess
long-term engagement with the PA intervention.

Methods

Recruitment

The study design and methods have been reported previously
[26,27]. Participants were enrolled from national patient care
databases of US Veterans, between December 2011 and January
2013, who had received any treatment services in the previous
year and had a COPD diagnosis. Zip codes were matched with
the Rural Urban Commuting Area Codes to determine whether
one's residence was urban or rura [28]. Of the 21 regiona
Veteran Integrated Service Networks (VISN) across the 50
United States and Puerto Rico, we excluded Veterans from one
VISN (VISN-1) where another COPD research study using the
Taking Healthy Steps platform was recruiting participants. The
coordinating center waslocated at the Ann Arbor VA Healthcare
System, Ann Arbor, MI, USA. Ethical approval for this study
was granted by the VA Ann Arbor Healthcare System Human
Studies Subcommittee.

A random sample of 28,957 Veterans (half rural, half urban)
with a COPD diagnosiswas sent a recruitment letter. Inclusion
criteriaincluded having access to a computer with an Internet
connection, a USB port, and Windows XP, Vista, Windows 7,
or Windows 8. Our a priori exclusion criteria excluded those
who did not upload baseline step-count data or who did not
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complete the baseline survey to assess HRQL. Per study
protocol, participants had to have baseline valuesfor the primary
(HRQL) and secondary outcome (daily step count) to be enrolled
and randomized. Ultimately, 239 participantswere enrolled and
randomized in a 2:1 ratio to either Taking Healthy Steps
(Internet-mediated, pedometer-based walking program) or
wait-list control (pedometer aone), stratified by Modified

Figure 1. CONSORT diagram at 12 months.
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Medical Research Council (MMRC) dyspnea score and urban
versus rura status (Figure 1). All participants were prompted
monthly to report new or worsening medical problems; all
self-reported adverse events were recorded. There were no
face-to-face encounters with staff; al features were
automatically delivered viathe website.

Mailed recruitment materiak (n=28,957)

Soreened for eligibility (n=779)

Not Consented (n=472)

Consented (n=307)

»| * Ineligible [n=453)
* Eligible, but notconsentad [n=13)
Not Enrolled and Randomized [n=68)

*  Person withdrew (n=23)
®* Failed to submit medical clearance form

and upload stepcount data [n=19)
*  Failed to submit medical clearance [n=1)
* Failed to upload step-countdata [n=4)
*  Failed to complete baseline SGRQ/survey [n=3)
* Denied medical clearance by provider [n=3)
*  Withdrawn by staffdue to tech issues [n=2)
* Died [n=2)
*  Failed to provide contactinformation (n=5)

Enrolled and Randomized (n=238)

l

Allocated to Control (n=84)

|

Allocated to Intervention (n=155)

Death (n=2) Death (n=8)
Did not submit 12-month SGRQ Did not submit 12-month SGRQ
(n=39) [ Follow-Up ] n=18)

!

I

Included in Final Analysis (n=84)
+ Excluded fromanalvsis (n=0)

Included in Final Analysis (n=154)
+ Excluded fromanalysis (n=1)

Outcomes

Primary Outcome

The St. George's Respiratory Questionnaire (SGRQ), a
disease-specific instrument with 50 items that has been well
validated in COPD [29,30] was used to assess HRQL. It hasa
summary total score (SGRQ-TS) composed of three domain
scores: symptoms (frequency and severity), activities (that cause
or arelimited by breathlessness), and impact (social functioning
and psychological disturbancesresulting from airways disease).
Scores range from 0 to 100 with lower scores indicating better
HRQL. A change of four units is the minimum clinically

http://www.jmir.org/2016/8/e215/

RenderX

important difference for the SGRQ-TS[31]. Study participants
completed the SGRQ online at study entry, 4 months, and 12
months.

Secondary Outcome

Daily step count was assessed by the Omron HJ-720 ITC
pedometer. Once participants completed the baseline survey,
study staff mailed them a pedometer that had an embedded USB
port, an upload cable, and detailed written instructions on how
toinstall the Java software and upload pedometer data. For users
who did not have Java already installed on their computers, the
software installation was a onetime event. Theresfter,
participants uploaded step-count data using the cable that
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connected the pedometer to their home computer. Research staff
were available by telephone to assist with software installation
and upload of step counts.

A wear day with valid step-count data was defined as one having
at least 100 steps and 8 hours of step counts recorded [32]. At
baseline, participants wore the pedometer covered with a sticker
to blind the participant to device feedback. Baseline daily step
count was the mean daily step count calculated using at least 5
days of valid data within a period of seven consecutive days.
Follow-up daily step counts were calculated within a window
of +/-14 days around day 121 for 4-month values, and +/-14
daysaround day 366 for 12-month values. Follow-up daily step
counts were the means of at least 5 days of valid data within a
period of seven consecutive days. We also calcul ated the mean
daily step count each month by examining the data in 30-day
increments. We used values from the last valid week (at least
5 days of valid data within a period of seven consecutive days)
in each of those months.

I ntervention Group

Participants randomized to Taking Healthy Steps completed an
intensive 4-month intervention period, followed by a distinct

Moy et a

8-month maintenance phase (Table 1). During thefirst 4 months,
participants were instructed to wear the pedometer every day,
reminded to upload at |east weekly, and were provided access
to the website. The website has four key components [26,27]:
individualized goal setting was based on uploaded step counts,
iterative feedback alowed self-monitoring of step counts,
motivational content provided anew educational tip every other
day and a new motivational message each week, and an online
community forum enhanced social support [22-27]. During the
8-month maintenance phase, participants continued to wear the
pedometer, upload daily step counts, receive weekly step-count
goals and feedback, and had access to the online community
forum. They could view the initial 4 months of educational
content and motivational messages, but no longer received new
content. Topics on the online community forum included
walking in a variety of weather/seasons, health topics (weight
management, COPD disease management), injury prevention,
barriers to walking, and technical issues with the pedometer
and website.

Table 1. Features available to the Taking Healthy Steps and control groups during the first 4 months versus last 8 months of the study.

Features 0-4 Months 5-12 Months
Taking Healthy Steps Control Taking Healthy Steps Control
Wear pedometer Yes Yes Yes Yes
Upload step-count data At least weekly At least monthly At least weekly At least monthly
Goal setting Yes No Yes No
Feedback Yes No Yes No
New educational and motivational content  Yes No No No
Online community forum Yes No Yes No

Wait-List Control Group

Participants randomized to the wait-list control group were
instructed to wear the pedometer every day, reminded monthly
to log in to the website to upload step-count data, and asked to
report all adverse events. Veteransin the wait-list control group
received neither instruction to increase PA nor step-count goals.
They had access to a webpage that showed only a checklist of
surveys completed and a count of what week they were in the
study. After 12 months, they were given the option to use the
Internet-mediated intervention.

Participant Characteristics, Device Adherence, and
Website Engagement

At baseline, partici pants answered questions online that assessed
comorbidities, oxygen use, smoking status, and demographics.
At study entry, 4 months, and 12 months, dyspneawas assessed
using the MMRC scale (range 0-4 with 4 indicating the most
severe level of dyspnea) [33]. Events self-reported during the
study were defined a priori as COPD-related if persons
experienced a combination of symptoms and/or required
treatment with antibiotics and/or systemic corticosteroids. The
COPD-related events included acute exacerbations or

http://www.jmir.org/2016/8/e215/

pneumonia, ascertained by self-reported events and/or review
of health care utilization (hospitalizations and emergency room
visits) and pharmacy data. To assure independence of individual
acute exacerbations, participants were considered to have
experienced a new acute exacerbation only if it were reported
21 or more days after the previous acute exacerbation [34].

We examined device adherence, overall and by group, by
calculating the percentage of days (of 366 days) that were wear
days with valid step-count data. For the participants who
uploaded valid step-count data at 12 months and completed the
study, we also examined percentage of days (of 42 days) that
were wear days during the last 6 weeks of the study.

In the intervention group, we objectively examined website
engagement by recording the number of log-ins to the website
by month of study and assessing the frequency of use of the
online community forum. In addition, at 4 and 12 months,
participants in the Taking Headlthy Steps group answered a
structured survey dliciting feedback about their commitment to
their step-count goals and various aspects of engagement with
the intervention, including participants’ ease of finding time to
log in to the website, knowledge of step-count goals, and use
of the different components of the website.
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Statistical Analysis

Proportions, means, and standard deviations described baseline
participant characteristics. Two-sample t tests and chi-square
tests compared baseline characteristics between groups. The
occurrence of COPD-related events (acute exacerbations or
pneumonia), hospitalizations, emergency room visits, deaths,
and adverse events during the study were each compared
between groups using alogistic regression model. For the count
of hospitalizations, a zero-inflated Poisson regression model
was also used to assess the difference in the rate of
hospitalizations between groups. These models adjusted for
age, gender, treatment group, and oxygen use.

The primary analysis used the intention-to-treat approach, and
used alinear mixed-effects model with baseline, 4-month, and
12-month outcome values (eg, SGRQ-TS or daily step count)
as dependent variables. No baseline variable was predictive of
missingnessin models adjusting for stratification variables and
treatment group. Thus, the longitudinal data model included
participants who had the dependent variable for at least one
time point and was expected to give unbiased estimates of the
intervention effect assuming missingness at random. The model
included participants as random intercepts to adjust for
within-participant correlations of repeated measures, fixed
predictors of treatment group, 4- and 12-month timeindicators,
and treatment group by time indicator interactions, MMRC
dyspnea score (dichotomized to 0-1 vs 2-4), and urban versus
rura residence. We also analyzed the data excluding those who
died. The proportion of participants who had at least a 4-unit
improvement in SGRQ-TS at 12 monthswas compared between
groups using a chi-square test [31]. For the analysis of mean
daily step count by month of study, we used a linear
mixed-effect model similar to that for the primary outcome
except data were assessed in 30-day increments over the
12-month study period. Predictorswere treatment group, month
of study asindicator variables (coded as 1-12), group-by-month
indicator variablesinteractions, dichotomized MMRC dyspnea
score, and urban versus rural residence.

We assessed website engagement in the intervention group by
characterizing the number of log-ins to the website using the
mean, median, and interquartile range, and assessed trends over
months of study using alinear mixed-effectsregression analysis
with monthly number of log-ins for each participant as the
outcome and time (month since randomization) asthe predictor.
Trendsfor device adherence over month of study were examined
with percent of days with valid step-count data using a linear
mixed-effects model and for use of the online community forum
using a generalized mixed-effects model with logit link. The
effect of time on participant responsesto the online survey about
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goal commitment and intervention engagement at 4 and 12
months was estimated for each response variable using a
mixed-effects model with 4- and 12-month survey data as the
dependent variable and predictorsincluding 12-month indicator,
baseline dichotomized MMRC dyspneascore, and urban versus
rura status. All models, including the model for the number of
log-ins, were checked for model assumptions using residuals.

One participant in the Taking Heathy Steps group was
considered an outlier given that his change in SGRQ-TS was
4.0 standard deviations greater than the mean for change in
SGRQ-TS and his change in daily step count was 8.1 standard
deviations greater than the mean for changein daily step count.
The extremely high step counts more likely reflected his
occupational PA rather than any effects of our intervention. Our
main analyses excluded the outlying individual, but we also
repeated primary and secondary outcome analyses with this
participant included. All analyses were performed with Stata
14.0 (StataCorp LP, College Station, TX, USA).

Results

Participant Characteristics

No information is available on the persons to whom we mailed
recruitment materials but who were not screened because they
did not go to our website and did not call us (Figure 1). Thetop
three reasons for ineligibility of 459 participants were not
sedentary (n=202), could not walk a block (n=120), or no
compatible computer access (n=161), with some participants
having more than one reason (Figure 1). In all, 68 persons
consented but were not enrolled and randomized, including 19
who failed to submit a medical clearance form and did not
upload step-count data, one who failed to submit a medical
clearance form, four who failed to upload step-count data, and
nine who failed to complete the baseline SGRQ (Figure 1).

Participants’ (N=238) characteristicsinclude: mean age 67 (SD
9) years, mae (93.7%, 223/238), rura residence (45.4%,
108/238), MMRC dyspnea score =2 (30.7%, 73/238), current
smokers (24.8%, 59/238), and supplemental oxygen use (23.5%,
56/238) (Table 2). There were no significant differences in
baseline characteristics between study groups, including current
smoking history. Overall, 87.8% (209/238) of participants
completed the 12-month online HRQL assessment, and 74.4%
(177/238) uploaded 12-month valid step-count data. In the
intervention group, 87.7% (135/154) of participants completed
the HRQL assessment and 76.6% (118/154) uploaded valid
step-count data, compared to 88% (74/84) and 70% (59/84),
respectively, in the control group.
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Table 2. Baseline participant characteristics (N=238).
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Characteristic Intervention (n=154) Control (n=84) Total (N=238)
Age (years), mean (SD) 67 (8.6) 66.4 (9.2) 66.8 (8.8)
Gender (male), n(%) 146 (94.8) 77(92) 223(93.7)
Residence, n(%)

Urban 83(53.9) 47 (56) 130 (54.6)

Rural 71 (46.1) 37 (44) 108 (45.4)
Hispanic (n=235), n(%) 5(3.3) 1(1) 6 (2.6)
Race, n(%)

Black 7 (4.6) 3(4) 10 (4.2)

White 142 (92.2) 79 (94) 221 (92.9)

Other 5(3.3) 2(2) 7(2.9)
Current smoker, n(%) 41 (26.6) 18 (21) 59 (24.8)
Oxygen use, n(%) 35(22.7) 21(25) 56 (23.5)
SGRQ,2 mean (SD)

Symptoms 57.2(19.1) 56 (19.9) 56.8 (19.3)

Activities 62.3(20.2) 64.2 (18) 62.9 (19.5)

Impact 32.2(16.5) 34.1(17.9) 32.9(17)

Total 45.6 (15.4) 46.8 (15.6) 46 (15.4)
Baseline daily step count, mean (SD) 3488 (2316) 3521 (2058) 3499 (2224)
MMRC dyspnea score,b n (%)

0-1 108 (70.1) 57 (68) 165 (69.3)

2-4 46 (29.9) 27 (32) 73(30.7)

3SGRQ: St. George's Respiratory Questionnaire. Data for symptoms, activities, and impact were available from 236 participants; total from 233

participants.
PMMRC: Modified Medical Research Council.

At 12 months, 29 of 238 (12.2%) participants did not have
sufficient data to calculate the SGRQ-TS: 19 Taking Healthy
Steps participants and 10 controls. There was no significant
differencein baseline SGRQ-TS (mean 49.8, SD 16.1 vs mean
45.6, SD 15.3; P=.18) or baseline daily step count (mean 3410,
SD 2667 vs mean 3512, SD 2163; P=.82) between those for
whom SGRQ-TS could not be calculated (n=29) versus those
for whom SGRQ-TS was calculated at 12 months (n=209).

The percent of participants with COPD-related events (acute
exacerbations or pneumonia) during the study did not differ
between groups (control: 18%, 15/84; intervention: 22.7%,
35/154; logistic regression OR 1.4, 95% Cl 0.7-2.8; P=.33).
No between-group difference was found in the percent of
participants with hospitalizations (control: 17%, 14/84,
intervention: 23.4%, 36/154; logistic regression OR 1.6, 95%
Cl 0.8-3.2; P=.19) or emergency room visits (control: 24%,
20/84; intervention: 29.9%, 46/154; logistic regression OR 1.4,
95% CI 0.8-2.6; P=.27) during the 12-month study. For the
count of hospitalizations, a zero-inflated Poisson regression
model also found no between-group difference. The percent of
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participants who died during the study did not differ between
groups (control: 2%, 2/84; intervention: 3.9%, 6/154; P=.53).
Finding no between-group differences in the percentage of
participants who were hospitalized or died provided assurance
that the censoring of the outcome variables (SGRQ-TS or daily
step counts) due to these events was not likely to confound the
assessment of the between-group outcome differences. However,
we repeated the analyses with deaths excluded as well.

Health-Related Quality of Life

There was no significant between-group difference in the
primary outcome of SGRQ-TS (mean 1.1 units, 95% CI —2.2
to 4.5; P=.50) at 12 months (Table 3). The proportion of
participants who achieved at least a 4-unit improvement in
SGRQ-TSat 12 monthswas 45.2% (61/135) intheintervention
versus 32% (23/71) in the control group (P=.08). Therewasno
significant between-group difference in the SGRQ domain
scores of symptoms (mean 0.5 unit, 95% Cl -4.2t05.2; P=.84),
activities (mean 0.04 unit, 95% CI 4.2 to 4.2; P=.99), and
impact (mean 2.3 units, 95% CI -1.6 to 6.1, P=.25) at 12
months.
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Table 3. Within-group changes and between-group differences in SGRQ scores and daily step counts at 12 months.

Outcome and arm N Difference from baseline to 12 P Between-group difference, pa
months, mean (95% Cl)
mean (95% CI)
SGRQ
Total 1.1(-2.2,45) 50
Taking Healthy Steps 154 —2.5(-4.5,-0.6) .01
Control 84 -1.4(4.1,13) 31
Symptoms 05(4.2,52) .84
Taking Healthy Steps 154 -3.2(-6.0,-0.4) .02
Control 84 —2.7(-6.5,1.1) 16
Activities 0.04 (4.2, 4.2) .99
Taking Healthy Steps 154 -1.2(3.7,13) .36
Control 84 -1.1(45,2.3) 51
Impact 2.3(-1.6,6.1) .25
Taking Healthy Steps 154 -3.4(-5.6,-1.1) .004
Control 84 -1.1(-4.2,2.0) A48
Daily step count —108 (-720, 505) .73
Taking Healthy Steps 154 270 (86, 626) 14
Control 84 163 (336, 661) 52

@ Based on linear mixed-effect models, adjusting for group, 4- and 12-month indicators, groupxtime indicator interactions, baseline MMRC dyspnea

score (dichotomized to 0-1 vs 2-4), and urban versus rura status.

I ntervention participants showed animprovement in SGRQ-TS
of a mean 2.5 units (95% CI —4.5 to —-0.6) at 12 months,
compared to baseline (P=.01) (Table 3). For domain scoresin
theintervention group, symptomsimproved by amean 3.2 units
(95% CI —6.0to —0.4, P=.02), and impact improved by amean
3.4 units (95% CI 5.6 to —1.1, P=.004) at 12 months. The
control group showed no significant changes in the SGRQ-TS
and domain scores at 12 months compared to baseline (Table
3). When the analysiswas repeated with the outlying individual
included, no substantive difference was seen in results, except
improvement in symptoms within the Taking Healthy Steps
group was marginally significant (P=.05). When the analysis
excluded the eight deaths, results remained nearly identical.

Daily Step Count
There was no significant difference between groups with respect
to the secondary outcome of daily step count at 12 months
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(P=.73) (Table 3). There was no significant change in daily
step count in the intervention participants (P=.14) or in the
control group (P=.52) at 12 months, compared to baseline (Table
3). Examination of daily step count by month of intervention
showed that differencesin daily step countsin the intervention
group compared to controls were maximal and statistically
significant at month 4, but approached zero in months 8 to 12
(Figure 2). Between-group P values were <.001 at 4 months,
.28 at 8 months, and .82 at 12 months. Within the intervention
group, although daily step counts peaked at 2 months and then
declined over the course of the study, daily step counts continued
to be higher than baseline values in al months of the study
(Figure 2). Analysis including the outlying individual showed
improvement in daily step countsat 12 monthsto be significant
inthe Taking Healthy Stepsgroup (P=.048). Analysisexcluding
the eight deaths did not change results.
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Figure 2. Mean daily step count and 95% confidence intervals by month of study. Note: the Taking Healthy Steps (THS) curve is shifted to the right
of the control curve on the x-axis for ease of visua display. Baseline data are included at month zero.
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Device Adherence and Website Engagement

Device adherence during the 12-month study period was
significantly higher in the intervention group than the control
group, with mean 76.7% (SD 29.5) of the 366 dayshaving valid
step-count data in the intervention group versus mean 63.7%
(SD 32.9) of the 366 days having valid step-count data in the
control group (P=.002). For the 177 participantsin both groups
who uploaded valid step-count dataat 12 months and compl eted
the study, mean 83.1% (SD 21.9) of daysin thelast 6 weeks of
the study had valid step-count data. In these last 6 weeks, mean
87.5% (SD 16.5) of days had valid step-count data in the
intervention group, which was significantly higher than the
mean 74.1% (SD 28.1) of days observed in the control group
(P<.001). Intheintervention group, device adherence decreased
significantly over time (P<.001), with mean 92.1% (95% CI
86.6-97.6) of days having valid step-count data at month 1
versus 70.3% (95% Cl 64.9-75.8) of days at month 12 (Figure
3).

In theintervention group, mean number of log-insto the website
decreased significantly over the months of study (P<.001; Figure
4). The number of monthly log-ins was mean 6.8 (SD 3.7,
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median 6, IQR 3) at month 1, which declined to mean 4.2 (SD
3.5; median 4, IQR 3) by month 9 and mean 3.0 (SD 3.0; median
3, IQR 5) by month 12 (Figure 4). In the intervention group,
83.8% (129/154) of the participants used the online community
forum at some point during the 12-month study; 66.2%
(102/154) of participants directly viewed an online community
forum thread or entry, and an additional 17.5% (27/154) of
participants posted a new topic or a reply at least once. More
than half of the participantsresponded “ definitely true” (22/121,
18.2%) or “mostly true” (45/121, 37.2%) to the statement: “I
learned helpful information when | used the online community
forum.” There was a significant trend for decreasing use of the
online community forum by month of study (P<.001).

Responsesto questionsregarding participant’sgoal commitment
were not significantly different at 12 months compared to 4
months (Table 4). When asked, “Overal, how motivated are
you to walk each day?’ with responses from 1=not motivated
and 10=extremely motivated, the mean response was 6.8 (SD
2.3) a 4 months compared to mean 6.5 (SD 2.5) at 12 months
(P=.06). Responses to questions about engagement with the
use of Taking Healthy Steps were not significantly different at
12 months compared to 4 months (Table 4).
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Table4. Goal commitment and engagement with Taking Healthy Steps intervention.

Goal commitment and engagement N2 4 months 12 months pb
mean (95% Cl) mean (95% Cl)

Goal commitment®

It's hard to take my step-count goal seriously. 147 21(1.9-2.2) 2.0(1.9-2.2) .69
Quite frankly, | don't careif | reach my step goal or not. 147 1.7 (1.6-1.8) 1.7 (1.6-1.8) 46
| am strongly committed to pursuing my step-count goal. 146 3.8(3.6-4.0) 3.7(3.5-39) 52
It wouldn’t take much to make me abandon my step-count goal . 147 19(1.7-2.1) 20(1.8-2.2) 27
| think my step-count goal is a good goal to shoot for. 146 4.0(3.8-4.2 39(38-4.1) a7

Engagement in Taking Healthy Stepsd

| would recommend the Taking Healthy Stepswalking programto another 146 1.3(1.2-1.4) 12(1.1-1.3) .01
person with COPD.

It was easy for me to find the time to log in to the website once aweek. 146 1.8 (1.6-2.0) 1.8 (1.6-2.0) 92
| had technical difficulty uploading step-count data from the pedometer 146 4.0 (3.7-4.2) 39(3.7-4.1) 75
to my computer.

| knew what my step goal should be every day. 147 15(1.4-1.6) 15(1.4-1.6) 48
| was able to comfortably increase my daily step count every week. 147 2.6(2.5-2.8) 2.8(2.6-3.0) .10
| looked at the graphs of the step counts that | walked. 147 16(1.4-1.7) 1.6(1.4-1.7) .76
Themotivational messages and educational tipswere easy to understand. 143 1.9(1.8-2.0) 1.8(1.7-1.9) 21
| learned helpful information when | used the online community forum. 137 25(2.3-2.7) 24(2.3-2.6) .52
The daily step-count goals were too high for me to walk each day. 147 34(3.2-35) 34(3.2-35) .98

@ Participants with responses at 4 and/or 12 months were included in the models.

b Based on linear mixed-effect modelswith 4 and 12 months asthe dependent variable and predictors of 12-month indicator, intervention group indicator
and baseline MM RC dyspnea score (dichotomized to 0-1 vs 2-4) and urban versus rural status.

€ Response scale 1-5 with 1=strongly disagree, 2=disagree, 3=neither agree nor disagree, 4=agree, 5=strongly agree.
d Response scale 1-5 with 1=definitely true, 2=mostly true, 3=not sure, 4=mostly false, 5=definitely false.

Figure 3. Percentage and 95% confidence intervals of days with valid step-count data in the intervention group by month of study.
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Figure 4. Mean log-ins and 95% confidence intervals in the intervention group by month of study.
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Safety

Adverse events were categorized as pulmonary, cardiac,
musculoskeletal, or other. A significantly greater percent of
participantsin theintervention group (27.9%, 43/154) had minor
muscul oskel etal adverse eventsthan in the control group (10%,
8/84; P<.001). There were no differences between groups with
respect to pulmonary, cardiac, or other adverse events during
the 12 months.

Discussion

We show that our Internet-mediated, pedometer-based walking
intervention does not maintain benefitsin HRQL and daily step
counts at 12 months, despite demonstrated improvements at 4
months[27]. Although we report negative findingsfor the study
overall, lessons learned about device adherence and website
engagement are highly informative for guiding the devel opment
of future PA interventions that can effectively promote
long-term behavior change and sustain PA.

Overadll, we found that a COPD population found the study
feasible and were engaged. The percentage of participants who
completed the 12-month study, providing HRQL and step-count
data, was high. In addition, our objective results assessing device
adherence and showing that 83% of daysfor participantsin both
groupswithin the last 6 weeks of the study had valid step-count
data support that people were not lost to the study and then
showing up for the last evaluation period. Importantly, persons
in the intervention group had significantly higher device
adherence compared to the control group for the study overall
and at the end of the study. This finding supports that the goal
setting, feedback, educational and motivational content, and
online community forum provided on the website significantly
increased intervention engagement beyond that observed with
the use of a pedometer alone.

For the first time, we rigorously elicited participant survey
responses about goal commitment and intervention engagement,
and objectively assessed device adherence and website
engagement during the 12-month study. In the intervention
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group, responses to questions about engagement at 12 months
were the same compared to those at 4 months, with participants
finding time to log in to the intervention, knowing their
step-count goal, and using the graphs, tips and messages, and
forums. They al so reported that they were ascommitted to their
step-count goa at 12 months asthey were at 4 months. Although
participants reported the same levels of goal commitment and
intervention engagement at the end of the study compared to
the beginning of the study, sustained behavior change was not
observed because there were significant decreases in humber
of days with valid step-count data, number of log-ins to the
website, and use of the online community forum over time.
Although we can only speculate as to cause and effect, the
decrease in daily step count (a marker of intervention efficacy
and walking behavior change) over time mirrors the declines
in device adherence and website engagement over time.

The reasons for the observed decline in daily step counts over
time require further exploration. Participants may not have
continued to wear the pedometer, log in to the website, and walk
over the 12 monthsfor avariety of possible reasonsthat we did
not assess, such as waning interest with the intervention,
progression of underlying COPD, flare-up of comorbidities, or
occurrence of intercurrent life events (eg, spouse illness). The
effect of the intervention on daily step counts could potentially
have been greater if the control group had not received a
pedometer and monthly reminders to upload step counts. We
are confident that battery life did not affect the results because
we mailed a new battery with replacement instructions to each
participant every 4 months. We replaced lost or broken devices
reported to us.

These results are similar to published data examining
maintenance exercise programs after conventional pulmonary
rehabilitation [16-21]. Typically, the unstable clinical course
of a chronic lung disease such as COPD makes it difficult for
patients to resume or maintain an exercise program [20].
Although we observed no difference in the number of
COPD-related events, such as acute exacerbations, between
groups, the occurrence of acute exacerbations and flare-up of
comorbidities over a period of 12 months may have modified
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the response to Taking Healthy Steps within the intervention
group.

The failure to obtain long-term benefits with our PA
interventions parallels the literature studying other behavior
changes, such as smoking cessation [35] and weight loss [36].
Our 8-month maintenance phase retained the key components
of goal setting, feedback, and social support. The main feature
omitted beginning at month 5 was new educationa and
motivational content. These findings support that ongoing
behavioral modification techniques are critical to sustain PA
[37,38]. We specul ate that additional intervention components,
such as face-to-face contact with peers and/or health care
providers, would enhance the social support and motivation
needed to sustain PA as a routine behavior. Use of evolving
technology, such as wireless transmission and mobile
connectivity with cell phones, smartphones/mobile phones, or
tablets, could potentially provide anytime/anywhere access to
the PA intervention and enhance its long-term efficacy
[37,39,40]. Intensive counseling and support at the time of acute
exacerbations and flare-up of comorbidities would address
medical barriersto PA and motivate patientsto continueto walk
after an illness. Finaly, incorporating the health care provider,
health care institutions, communities, and society at large into
PA interventions could enhance long-term behavior change and
adherence to effectively sustain PA in persons with COPD
[41,42].

The exact role of digital walking programs in starting and
maintaining exercise in persons with COPD remains to be
determined. Both acute and chronic models of digital walking
programs are potentially useful. Acute intervention models are
needed toinitiate and promote PA in the vast majority of patients
with COPD who cannot access a conventional pulmonary
rehabilitation program [43]. In addition, maintenance models
are appropriate and much needed because long-term
maintenance of behavior change is challenging. In addition,
digital walking programs can potentially be useful adjuncts after
conventional pulmonary rehabilitation to maintain benefits,
which start to wane as early as 3 to 6 months after program
completion [20,21]. They can aso be an important component
of COPD sdlf-management programs[44]. Aninteresting future
guestion to addressis whether restarting our intervention every
4 to 8 months would be an efficacious long-term strategy.

The potential full impact of our intervention can only be
appreciated by performing afuture cost-effectiveness analysis.
Results from cross-sectional data from our group and others
have shown that every step counts. We have not found a
“threshold” or “optimal” daily step count to obtain clinical
benefits. The benefits appear to be linear such that those with
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higher step counts have lower risks for acute exacerbations,
hospitalizations, hospital admissions and readmissions, and
death compared to those with lower step counts [9-14]. Future
work is needed to examine whether PA interventions such as
ours can decrease health care resource utilization and result in
cost savings to our health care system.

Major strengths of our study include the randomized controlled
trial design with balanced groups at baseline, objective dataon
device adherence and website engagement, and the long-term
follow-up of 12 months. Our intervention is based on a
theoretical model, and informed by previous work eliciting
patient feedback to optimize user acceptability and develop the
motivational and educational content [25,45]. Our
Internet-mediated, pedometer-based intervention focuses
specifically on walking, a low-intensity PA that most patients
can do. It has aready been shown that a greater quantity of
low-intensity PA reduces risk of COPD hospitalizations,
whereas high-intensity PA does not result in risk reduction [15].

Our study has several limitations. We studied primarily white
male Veterans limiting the generalizability of our results.
Spirometric confirmation of the COPD diagnosiswas not made
at study entry. However, any potential misclassification of
asthmaas COPD was most likely balanced between groupsand
would not bias the primary results. The vast majority of the
patients had MMRC <2. It is justified to include patients with
MMRC <2 because patients with newly diagnosed COPD have
reduced PA even at the earliest stages of the disease [3]. It is
important to promote PA even when patients are not
significantly symptomatic, as recommended by the GOLD
guidelines for COPD [6]. We found no difference in benefit of
the PA intervention in those with MMRC <2 versus MMRC
>2. We acknowledge the final response rate was likely biased
toward responders who had a particular interest in this type of
intervention, and the results may not be generalizableto awider
COPD population. Finally, seasonal variation can influence our
secondary outcome of daily step counts. We minimized the
impact of season by having a 12-month intervention and
enrolling participants over all four seasons.

An Internet-mediated, pedometer-based PA intervention for
personswith COPD does not maintain improvementsin HRQL
or daily step count at 12 months, despite demonstrated
improvements at 4 months. In addition, waning engagement
with the PA intervention support that future efforts should focus
on improving features of PA interventionsto enhance long-term
behavior change and sustain engagement with PA. These
findings need to be considered when designing future
Internet-mediated PA interventions.
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Abstract

Background: Lifestyle-related health problems are an important health concern in the transport service industry. Web- and
telephone-based interventions could be suitable for this target group requiring tailored approaches.

Objective: To evaluate the effect of tailored Web-based health feedback and optional telephone coaching to improve lifestyle
factors (body massindex—BMI, dietary intake, physical activity, stress, sleep, tobacco and a cohol consumption, disease history,
self-perceived health, and motivation to change health habits), in comparison to no health feedback or telephone coaching.

Methods: Overall, 3,876 employees in the Swedish transport services were emailed a Web-based questionnaire. They were
randomized into: control group (group A, 498 of 1238 answered, 40.23%), or intervention Web (group B, 482 of 1305 answered,
36.93%), or intervention Web + telephone (group C, 493 of 1333 answered, 36.98%). All groupsreceived anidentical questionnaire,
only the interventions differed. Group B received tailored Web-based health feedback, and group C received tailored Web-based
health feedback + optional telephone coaching if the participants' reported health habits did not meet the national guidelines, or
if they expressed motivation to change health habits. The Web-based feedback was fully automated. Telephone coaching was
performed by trained health counselors. Nine months later, all participants received a follow-up questionnaire and intervention
Web + telephone. Descriptive statistics, the chi-sguare test, analysis of variance, and generalized estimating equation (GEE)
models were used.

Results: Overall, 981 of 1473 (66.60%) employees participated at baseline (men: 66.7%, mean age: 44 years, mean BMI: 26.4

kg/m?) and follow-up. No significant differences were found in reported health habits between the 3 groups over time. However,
significant changes were found in motivation to change. The intervention groups reported higher motivation to improve dietary
habits (144 of 301 participants, 47.8%, and 165 of 324 participants, 50.9%, for groups B and C, respectively) and physical activity
habits (181 of 301 participants, 60.1%, and 207 of 324 participants, 63.9%, for B and C, respectively) compared with the control
group A (122 of 356 participants, 34.3%, for diet and 177 of 356 participants, 49.7%, for physical activity). At follow-up, the
intervention groups had significantly decreased motivation (group B: P<.001 for change in diet; P<.001 for change in physical
activity; group C: P=.007 for changein diet; P<.001 for changein physical activity), whereasthe control group reported significantly
increased motivation to change diet and physical activity (P<.001 for change in diet; P<.001 for change in physical activity).
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Conclusion: Tailored Web-based health feedback and the offering of optional tel ephone coaching did not have a positive health
effect on employeesin the transport services. However, our findings suggest an increased short-term motivation to change health
behaviors related to diet and physical activity among those receiving tailored Web-based health feedback.

(J Med Internet Res 2016;18(8):€158) doi:10.2196/jmir.4005
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diet; exercise; Internet; intervention studies; lifestyle; mativation; occupational health; questionnaires; randomized

Introduction

Behaviors related to diet, physical activity, sleep, stress, and
use of tobacco and alcohol play an important role in the
prevention of lifestyle-related health problems such as obesity,
diabetes, and cardiovascular diseases[1]. According to areview
by Lancet, lifestyle interventions with a holistic perspective on
health, such as an individual’s overal lifestyle behaviors, are
more successful than those only focusing on one specific
behavior [2]. Employees in the transport service industry
represent one of many target groups that would benefit from
tailored interventions focusing on healthy lifestyle behaviors.
A needs assessment conducted by our research team among a
sample from the Swedish transport service industry indicated
that more than 60% of the track technicians were overweight,
70% had an unhealthy diet, and almost 50% had high cholesterol
levels. Furthermore, a report by Kecklund et al [3] highlights
health risks associated with irregular workdays due to shift
work, long working hours, and the lack of recovery—common
characteristics of Swedish transport employees.

We had previoudly reported findings on employees in the
Swedish transport service industry. In detail, different methods
to encourage study participation of thistarget group in alarge
Web-based lifestyle intervention study (described herein) were
examined. The effects of email reminders and additional, more
practical, reminders on overall study participation were
specifically studied. Sending email reminders was an effective
approach to encourage study participation in our intervention
study [4]. Until now, we have not yet reported the health effects
from our Web-based lifestyle intervention study.

To intervene at the workplace can be an effective health
promotion strategy, which has also been endorsed by the World
Health Organization which stated, “the workplace directly
influencesthe physical, mental, economic and social well-being
of workersand in turn the health of their families, communities
and society. It offersanideal setting and infrastructureto support
the promotion of health of a large audience” [5]. However, it
may be challenging to intervene at the workpl acein the transport
serviceindustry because of different typesof professionsamong
the employees, resulting in different work tasks, schedules, and
work settings. Tailored lifestyle interventions would therefore
beideal.

The advancements in technology allow for tailored lifestyle
interventions. Prior research suggests promising results for
Web-based physical activity interventions onimproved physical
activity habits [6-9]. The effect is even more valuable as
Web-based interventions bridge the gap between theindividual’s
need for health interventions and the primary care’s lack of

http://www.jmir.org/2016/8/e158/

capability to support these individuals [9]. Mateo et a and
Muntaner et al further support technologiesto increase physical
activity by using mobile phones, apps, and digital assistants
[6,7]. Similar effectsand types of interventions have been found
for diet [10-12] and weight loss [13].

For instance, we had previously reported findingsfrom apublic
Web-based weight loss club targeting behavioral change, using
interactive progress charts, graphs, recipes, and chat forums
[13]. We found that men and foremost participants older than
45 years were particularly successful in changing their eating
behaviors, which was positively associated with greater weight
loss [12]. In addition, our male participants logged in to the
website most frequently, compared with our femal e participants.
Related research carried out by our research team [14] builds
on thesefindings, suggesting that an interactive food plate would
serve as an appropriate tool to assess food intake among amale
cohort viathe Internet.

According to areview conducted by Webb et al [15], Web-based
health interventions that are based on health behavior theories
are more successful in promoting health behavior change,
compared with nontheory-based health interventions. Also,
Web-based interventions that incorporate more behavior change
techniques and modes of delivery in addition to the Web further
enhance the effects of ahealth intervention as opposed to fewer
health behaviors techniques and 1 mode of delivery [15]. Yet,
the actual effect of an intervention may aso be related to the
type of outcome variable measured [16].

A recent review [17] compared the effects from interventions
using Web-based, printed materials, or the telephoneto support
healthier behaviors with respect to physical activity, diet, and
weight control. Telephoneintervention was particularly effective
to promote hedthier habits. Further research supports the
telephone as an intervention tool in smoking and alcohol
cessation programs [18-20]. In Sweden, there are mainly 2
helplines to encourage healthier behaviors among the public
with respect to tobacco and alcohol. These are free of charge
and have shown promising effects in reducing alcohol use and
alcohol problems[19,21].

Consequently, the aim of this study was to evaluate the effect
of tailored Web-based health feedback and the offering of
optional telephone coaching with respect to improved health,
in comparison to no health feedback or telephone coaching
among employees in the transport service industry.
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Methods

Participants

We asked 3,876 employees (18-65 years) at 4 transportation
companies in the Swedish transport service industry to
participate in a lifestyle health intervention. The invited
companies represented (1) The Swedish Transport
Administration (n=453), (2) The Swedish national train operator
(n=2,391), (3) Thelocal train operator in Stockholm (n=573),
and (4) The subway transportation operator in Stockholm
(n=459). Because the intervention study had a Web-based
approach, only those employees with awork email were asked
to participate.

Study Design

The employees were emailed a link to the lifestyle health
intervention with personal login details (username and
password), information about the study, and instructions on
how to participate in the study.

When the link was emailed, the participants were randomized
to 1 of the 3 groups: (A) control group or (B) intervention Web
or (C) intervention Web + telephone. All the 3 groups received
an identical questionnaire on health and lifestyle behaviors,
only the interventions differed. The intervention group B
received tailored Web-based health feedback, and intervention
group C received tailored Web-based health feedback +
additional optional telephone health coaching for those
participants who were motivated to change health behaviors.
The Web-based feedback and the optional tel ephone coaching
were based on the participants’ responses to the questions in
the questionnaire. The CONSORT-EHEALTH has been used
to report this study (Multimedia Appendix 1).

Questionnaire

When the participants opened the link, they entered awelcome
page with participant information and an informed consent form.
By giving informed consent, they entered the questionnaire.
Both the baseline and the follow-up questionnaires assessed the
following 9 health areas divided into sections: body massindex
(BMI), dietary intake, physical activity, stress, sleep, tobacco
consumption, alcohol consumption, history of disease, and
self-perceived health.

The questionnaire was originally developed to be filled out by
using acomputer, but it was possibleto accessthe questionnaire
using mobile phones.

Outcome M easures

In details, our primary outcome was BMI (kg/m?), computed
by dividing the body weight (in kilograms) by the height (in
meters) squared. Secondary outcomes were: eating breakfast
(times/week), carbohydrates intake (times/week), sugar intake
(times/week), saturated fats intake (times/week), unsaturated
fats intake (times/week), leisure-time physical activity
(days/week), minutes of leisure-time activity/week (“0-10,”
“11-20” *“21-30", “31-40," *“41-50" *“51-60,” “>60"
minutes/week), and total physical activity/day in metabolic
equivalent of task (MET) hours, feeling stressed (“no,” “little,”
“somewhat,” “quite a lot” “very much”), deeping <5

http://www.jmir.org/2016/8/e158/
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hours/night (“never,” “seldom,” “sometimes,” “frequently,”
“mostly”), sleeping =9 hourg/night (“never,” “seldom,”
“sometimes,” “frequently,” “mostly”), feeling well-rested after
deeping, (“never,” “seldom,” “sometimes,” “often,” “mostly,”
“adways,” “do not know”), number of occasions of alcohol
consumption (“never,” “1 time/month or less” “2-3
times/month,” “2-3 times/week,” “>4-6 times/week”), number
of glassesduring atypical alcohol occasion (“1-2 glasses,” “3-4
glasses” “ = 5 glasses’), smoke (“daily,” “sometimes,” “no”),
number of cigarettes per week, use of moist oral snuff, “snus”
(“daily,” “sometimes,” “no"), and number of packages of snus
per week.

All questionnaire sections (besides self-perceived health and
BMI) ended with a follow-up question on the participants
“motivation to change” their health habitsin that specific health
area. Theresponse optionsfor these question wasin accordance
with Prochaskas' transtheoretical model (TTM) of behavior
change using the 5 phases—precontemplation, contemplation,
preparation, action, and maintenance—to assess participants
readiness to change now, within amonth, within 6 months, not
now, or not at al [22]. If the participants were motivated to
change their health habits, they were recommended to contact
any of the telephone helplines to receive coaching for healthier
habits, presumed that they were assigned to group C intervention
Web + telephone (see more details in the following section).

Development of Questionnaire and Randomization

The researchers devel oped the questionnaire and the content of
the feedback and were involved in the development of content
of thetel ephone coaching. We asked expertsin respective health
field to approve the questions asked, and its feedback, for each
part of the questionnaire. The questionnaire was pilot tested by
truck drivers, the target group, and the research unit at
Karolinskalnstitutet. Most questionnaire sections used validated
itemsfrom previous research. We used aquestionnaire to assess
food frequency including the intake of carbohydrates or fibers;
sugar; saturated fats or high fat intake; and unsaturated fats or
low fat intake. To complement the food frequency questionnaire,
we used an interactive virtual food plate developed by the
research team to assesslunch intake, by allowing the participants
to complete atypical lunch meal by dragging pictures of food
itemsto avirtua food plate. Thisinteractive food plate has been
validated and described previously [14]. Alcohol consumption
was studied using the Alcohol Use Disorders | dentification Test,
AUDIT-C [23], and tobacco use was assessed using validated
guestionnaires provided by the Swedish National Tobacco
Quitline. Sleep was assessed using the validated Karolinska
Sleep Questionnaire[23]. Physical activity was measured using
avalidated questionnairefor total energy expenditure[24]. The
instrument has 9 ordered intensity levels, each assigned avalue
expressed as a multiple of metabolic energy turnover [25] and
exemplified by common activities. The participants reported
the time spent on each intensity level, in total 24 hours, which
allowed for an estimate of MET hours per day. In addition, we
asked the participants to indicate the average number of times
per week spent on leisure-time physical activities such as brisk
walking, running, aerobics or weight lifting and skiing, and
number of minutes per session. These self-reported questions
about leisure-time physica activity are often used in
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epidemiological research, for example, the question about
leisure-time activity is similar to the questions used in studies
by McTiernan et a [26] and Godin et al [27] and extensively
validated against other measures such asmaximal oxygen uptake
and accelerometers.

A Web company [28] was responsible for developing a
Web-based version of the research material in collaboration
with the research group. They were also responsible for
administrating the website enclosing the feedback to ensure
overal feasibility and usability. A helpdesk was administered
by the research group and the Web company if participants
needed any help to access or use the website or had any
questions regarding the content of the feedback.

The research group collected lists of potential participants
(employees) from the company manager at the 4 companies.
All employeeswith an email addresswere eligible for the study.
The participant lists were given to the Web company, which
was responsible for distributing the questionnaires.
Randomization lists were automatically created by the Web
company before distributing the questionnaire link.

Reminders to take part in the study were sent to all
nonresponders to encourage study participation at baseline and
follow-up, which has been described in detail previously [4].
In brief, atotal of 4 to 5 and 11 email reminders were sent at
baseline and follow-up, respectively. The difference of
reminders (4 or 5) depended on when the participants entered
the study. The email remindersincreased thetotal responserate
by 15% and 21% at baseline and follow-up, respectively.
Additional reminders such as informational texts about the
study, fliers, oral presentations, and visits by the research group
aswell astexting were also distributed in addition to the email

Solenhill et &

reminders. Thus, we had several strategies to encourage our
target group to participate in this intervention study.

Only those who submitted the questionnaire(s) were considered
participants in this study.

Intervention Web

The participants received icons such as colored smiley faces
and icons symbolizing “information” and “advice” to guide
them throughout the completion process of the questionnaire
and with respect to health changes. The smiley faces provided
the participants with tailored feedback on level of satisfaction
regarding the reported health habit according to national health
guidelines [29]. A green and happy smiley indicated “your
reported health habits are good”; a yellow smiley indicated
“your reported health habits need to be improved”; ared, sad
smiley indicated “your reported health habits mean health risks.”
Theiconsfor “information” and “advice” allowed the participant
to click forward to get more information about the health habit
and to receive specific advice and recommendationsto improve
that specific health habit (see Figure 1).

In addition to the icons shown in Figure 1, tailored feedback
appeared instantly and automatically on the computer screen
after the participants had responded to each of the sectionswith
questions (Figure 2). For example, if the participants reported
alow physical activity level, that is, not meeting the national
health guidelines [29], information about the significance of
being physically active and advice on how to increase physical
activity asanatural part of life were provided viathe computer
screen. The participantswere able to read the feedback instantly.
All feedback was summarized and saved at the end of the
guestionnaire and on atailored website, which the participants
could visit at any time using their personal login details.

Figure 1. Screenshot of the icons used to guide the participants throughout the completion process of the questionnaire.

These are the icons that will guide you throughout the questionnaire:

A green and happy smiley — your reported health habits are good

A yellow smiley — your reported health habits need to be improved

il

A red, sad smiley — your reported health habits mean health risks

Information — click here for more information!

Helpful tips — click here for helpfultips!

http://www.jmir.org/2016/8/e158/
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Figure 2. Screenshot of examples of the tailored web-based health feedback given for physical activity.

Good, you have a high physical activity level!

A high physical activity on a daily basis is very beneficialto your health.
Try to have a good balance between exercise, diet and your body’s own
recovery.

You have a moderate physical activity level correspondingto at least 30
minutes per day!

This is a healthylevel. If you add a few more minutes of physical activity,
you may improve your health even further and prevent future diseases. In
addition, it will help you to maintain weight.

You need to increase your physical activity!
Physical inactivity is a major risk to your health. The best thing, however,
is that you can easily change this behaviorand become more physically

Solenhill et &

active!
‘ - -'

Intervention Web + Telephone

The participants were offered the opportunity for telephone
coaching in addition to Web-based tailored health feedback, if
their reported health habits did not meet the national guidelines
or if they expressed motivation to change health habits. If the
participants were referred to telephone coaching, they could
either leave their mobile phone number to be dialed (reactive
help) by the telephone helplines or dia themselves (proactive
help) (Figure 3). The 3 helplines that were offered were: (1)
The Swedish National Tobacco Quitline, (2) The Swedish
National Alcohol Helpline, and (3) The Diet and Exercise
Helpline. The helplines for tobacco and acohol are
well-established public helplinesin Sweden [30]. The Diet and
Exercise Helpline was developed for this study. All helplines
used counselors who were specifically trainedto work
effectively with behavior changes using traditional counseling
approaches such as the motivational interviewing technique
[31] and TTM [22].

http://www.jmir.org/2016/8/e158/

The best activity is the one
that is being done!

The tailored Web-based health feedback and the telephone
coaching services were available during 9 months. After 9
months, all participants received a follow-up questionnaire
including intervention Web + tel ephone coaching. Thefollowing
differences between baseline and follow-up applied: at
follow-up, the participants had access to the website
encompassing their personalized feedback. This website was
however only available during 2 weeks after the study had
ended. All participantswere offered telephone coaching by The
Swedish National Tobacco Quitline and The Swedish National
Alcohol Helpline but not by the Diet-and Exercise Helpline.
The reasons for this were that the helplines for tobacco and
alcohol are national public health services, whereasthe helpline
for diet and exercise habits was part of the intervention itself
and led by the research group.

Data were collected by the Web company [28] and sent to the
researchers after the intervention had ended.

The Ethics Committee of the Karolinska Institutet, Stockholm,
Sweden, approved this study. See Figure 4 for a flowchart of
the study design.

JMed Internet Res 2016 | vol. 18 | iss. 8 |e158 | p.53
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Solenhill et al

Figure 3. Screenshot of referral to The Swedish National Tobacco Quitline.

Good! You are motivated to change your tobacco habits!
The first step in changing behavior is to make the decision.

Would you like to get in contact with the Quit-Smoking-Helpline? Please call
them at 020-84 00 00 for coaching.

It’s free of charge, confidential and anonymous.
SLUTA-ROKA-LNJEN IERSEL L L
Please select one of the following options:

I wish to be contacted by the helpline at the following telephone number

| wish to contact the helpline myself

| do now wish to have any contact with the helpline.

Figure 4. Flowchart of the study design. A total of 3876 employees were asked to participate in the study and were automatically randomized to 1 of
the 3 groups: (1) control group or (2) intervention Web, or (3) intervention Web + telephone. All the 3 groups received an identical questionnaire on
health and lifestyle behaviors, only the interventions differed. Nine months later, all participants received a follow-up questionnaire and interventions

web + telephone.
Company 1 Company 2 Company 3 Company 4
n=453 n=2,391 n=573 n=491
\ | \ |
|
1n=3,876 randomized participants
A | B |
Baseline n=1,238 n=1,305 n=1,333
Questiomnaire Questionnaire + tailored web- Questionnaire + tailored web-based health
| based health feedback feedback + telephone health coaching
—‘ S ——
\ I | ! !
1n=740 did not answer ‘ ‘ n=498 answered | ‘ n=823 did not answer | ‘ 1n=482 answered | | 1n=493 answered ‘ | 1n=840 did not answer
| | i
, ’ |
‘ n=1,472 participants with baseline measurements ‘
A ) (ol
n=498 Questionnaire + =482 Questionnaire + n=493 Questionnaire +
tailored web-based health tailored web-based health tailored web-based health
Follow-up feedback + feedback + feedback +
telephone health coaching telephone health coaching telephone health coaching
W V! A
1n=142 lost to follow-up ‘ ‘ n= 356 answered ‘ ‘ n=181 lost to follow-up ‘ ‘ n=301 answered ‘ ‘ n=324 answered ‘ ‘ =169 lost to follow-up
- T T
b \ !
‘ 1n=981 participants with both baseline and follow-up measurements ‘
Statistics non—office-based with limited access to a computer=field

worker). The participants' referral and usage of the 3 telephone
Descriptive statistics (proportions, medians, and means with  helplines were also examined.

standard deviations) of the participants’ characteristics (sex,
age, BMI, physical activity level, use of tobacco—snus and
smoking—and perceived hedth) at baseline (al sample,
completers, noncompleters) and foll ow-up were computed. We
also categorized the participants into office workers or field
workers (if mostly office based=office worker; if mostly

We studied whether differencesin participants' reported health
habits at baseline and follow-up varied across the 3 groups (A,
B, and C). Chi-sguare tests were performed to study possible
differencesin categorical variables and analysis of variance (or
Kruskal-Wallis) for continuous variables.
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The participants' levels of “motivation to change” were
specifically studied. Both at baseline and follow-up, the
participants answered the question “ are you motivated to change
your X behaviors” in which X refers to the specific health
behavior that was examined (ie, physical activity, diet, tobacco,
or alcohol). The response optionsto these questionswere: “yes,
within a month,” “yes, within six months,” “yes, but in the
future” “do not know,” and “no” We summarized the
proportions of responses within the yes-options and the
proportions within “do not know” and “no,” separately.

We used generalized estimating equation (GEE) to study specific
effects of the interventions over time in relation to changesin
reported health habits and motivation to change. GEE models
are an extension of the simple regression model to contextsin
which the outcome can be noncontinuous and measured more
than once on the same subject. The GEE models were adjusted
for age and gender.

Only those who participated at both baseline and follow-up
were considered for analyses. STATA version 13.1 (Statacorp
LP, College Station, TX) for Windowswas used for all statistical

Solenhill et &

calculations and analyses. All reported P values were 2-sided.
P<.05 was considered statistically significant.

Results

Basic characteristics of the study participants

In total, 1473 of 3876 (38.00%) employees completed the
Web-based lifestyle questionnaire, and 981 of 1473 (66.60%)
employees participated both at baseline and follow-up. Table
1 summarizes baseline characteristics of subjects who started
the study, stratified by being, or not being, lost to follow-up.
At baseline, 984 of 1473 (66.80%) participantswere men. They

had amean age of 44 years (SD 10.2), aBMI of 26.4 kg/m?(SD
4.2), and perceived their persona health as “rather good” or
better. In total, 500 of 1473 (33.94%) participants were
categorized as office workers, the remaining as field workers.
There were no substantial differences between completers and
noncompleters, even if subjects who were lost to follow-up
were dlightly younger and moreinclined to smoke and use snus
than subjects who proceeded in the study.

Table 1. The participants’ basic characteristics at baseline (all sample, completers, and noncompleters) and follow-up.

Baseline (completers),

Baseline (non-com-

Characteristic Basdline (all), N=1473% N=981° pleters), N=492° Follow-up, N=981°
Sex, male (%) 984 (66.80) 655 (66.7) 329 (66.9) 656 (66.8)

Age, years (SD) 43 (10.68) 44 (10.2) 42 (11.5) 44(10.2)

Physica activity level/day,

MET®hours (SD) 44.1 (13.66) 43.8(12.8) 44.8 (15.2) 440 (12.1)
Smoking, yes (%) 261 (17.72) 158 (16.1) 103 (20.9) 154 (15.7)

Snus, yes (%) 255 (17.31) 160 (16.3) 95 (19.3) 167 (17.0)

BMI9, kg/m%(SD) 26.3 (4.25) 26.4 (4.3) 26.1 (4.1) 26.5(4.2)
Perceived health habitsas“rather 1149 (78.00) 769 (78.4) 380 (77.2) 803 (81.8)

good” or better, yes (%)

3N umber of subjects who participated at baseline.
BNumber of subjects who participated at both baseline and follow-up.

“Number of subjects who participated at baseline but were lost to follow-up.

dBMI: body massindex.
EMET: metabolic equivalent of task.
fSD: standard deviation.

I nterventions

Among the 981 employees who participated at both baseline
and follow-up, 357 of 981 (36.4%) represented group A (control
group), 301 of 981 (30.7%) group B (intervention Web), and
324 of 981 (33.0%) group C (intervention Web + telephone).
See Figure 4.

Ingroup C, at baseline, 173 (53.4%), 23 (7.1%), and 19 (5.8%)
of 324 participants reported a wish to be dialed by or to dial
themselves to the Diet and Exercise Helpline, the Swedish
National Tobacco Quitline, and the Swedish National Alcohal
Helpline, respectively. In details, 77 of 173 (44.5%) participants
asked to be dialed by the Diet and Exercise Helpline, 9 of 23
(39.1%) participants by The National Tobacco Quitline, and 5

http://www.jmir.org/2016/8/e158/

of 19 (26.3%) participants by The Swedish National Alcohol
Helpline. All participants were contacted accordingly. The
remaining participants reported that they would contact the
helplines themselves. No participant contacted the Diet and
Exercise Helpline voluntarily.

At baseline, 550 of 981 participants (56.1%) reported “do not
know” or “no” mativation to improve dietary habits. Intervention
groups B and C reported higher motivation to improve dietary
habits (144 of 301 participants, 47.8%, and 165 of 324
participants, 50.9%, for groups B and C, respectively) and
physical activity habits (181 of 301 participants, 60.1%, and
207 of 324 participants, 63.9%, for groups B and C,
respectively) compared with the control group A receiving no
health feedback (122 of 356 participants, 34.3%, for diet and
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177 of 356 participants, 49.7%, for physical activity). At
follow-up, the intervention groups had significantly decreased
motivation (group B: P<.001 for change in diet; P<.001 for
changein physical activity; and group C: P=.007 for changein
diet; P<.001 for change in physical activity), whereas control

Solenhill et &

group A reported a significant increase in motivation to change
over time, at time of receiving health feedback in the follow-up
guestionnaire (P<.001 for changein diet; P<.001 for changein
physical activity). See Table 2.

Table 2. Motivation to change diet and physical activity at baseline and follow-up across groups.

Motivation Group A (n=356), Control Group B (n=301), Intervention  Group C (n=324), Intervention Web + telephone
Web
Baseline Follow-up Baseline Follow-up Baseline Follow-up
Plan to change diet, n (%)
Yes, within 58 (16.3) 85(23.9) 78 (25.9) 66 (21.9) 94 (29.0) 65 (20.1)
1 month
Yes, within 31 (8.7) 32(8.9) 31(10.2) 32 (10.6) 38 (11.7) 40 (12.3)
6 months
Yes, but 33(9.2) 38 (10.7) 35(11.6) 25(8.3) 33(10.2) 34 (10.5)
not now
Do not 119 (33.4) 100 (28.1) 95 (31.6) 98 (32.5) 85 (26.2) 99 (30.5)
know
No 115 (32.3) 101 (28.3) 62 (20.6) 80 (26.6) 74 (22.8) 86 (26.5)
P for change® <.001 <.001 .007
Plan to change physical activity, n (%)
Yes, within 96 (26.9) 113 (31.7) 106 (35.2) 91 (30.2) 114 (35.2) 91(28.1)
1 month
Yes, within 38 (10.7) 36 (10.1) 41 (13.6) 31(10.2) 52 (16.1) 43 (13.3)
6 months
Yes, but 43 (12.1) 40 (11.2) 34 (11.3) 43 (14.3) 41 (12.6) 36 (11.1)
not now
Do not 79 (22.2) 61 (17.1) 53 (17.6) 65 (21.6) 39 (12.0) 56 (17.3)
know
No 100 (28.1) 106 (29.8) 67 (22.2) 71(23.6) 78 (24.1) 98 (30.2)
P for change® <.001 <.001 <.001

p-value obtained from GEE models.

Participants' health habits at baseline and follow-up are reported
in Multimedia Appendix 2. When analyzing possible changes
between baseline and follow-up measurers, no significant
differences between groups were found. Our results from the
GEE models support no significant changes over time for the
various reported health aspects at baseline and follow-up or
between the 3 groups. However, our results suggest significant
increasesin days of eating breakfast (P<.001), days of physical
activity per week (P=.002), and decreases in sugar intake
(P<.001) at follow-up, with no satisticaly significant
differences regarding type of interventions (group B or C).

Discussion

The results from this randomized Web-based intervention
suggest no significant health improvements from tailored
Web-based hedlth feedback and the offering of optional
telephone coaching, in comparison to no health coaching among
employees in the Swedish transport industry.

http://www.jmir.org/2016/8/e158/

However, our findings point toward an impact of automatic
tailored health feedback on increased motivation to change
behaviors. More specificaly, at baseline, theintervention groups
receiving feedback reported higher motivation to improve
dietary and physical activity habits compared with the control
group A. At follow-up, al the groups received feedback, but
only the control group, now receiving feedback, reported an
increased motivation to change dietary and physical activity
habits. It may thus be proposed that tailored health feedback
positively alters participants’ motivation to engage in healthier
lifestyle habits, but, the effect does not last over time, not even
if the feedback is offered again.

The results from our study are in line with the findings from a
randomized Web-based intervention study examining
participants motivation to improve cardiovascular health
conducted by Ayres et al [32]. In short, they randomized their
participants to receive either motivational feedback in theform
of apersonalized risk assessment of their current cardiovascular
health or to respond to questions assessing intentions, attitudes,
and anticipated regret about managing cholesterol levelsthrough
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diet. They also randomized their participants to a group
combining these 2 interventions or to a control group receiving
no intervention. Their results indicate an enhanced motivation
toimprove cardiovascular health from the combined intervention
(personalized health feedback and questions on intentions to
change health behavior). Theresults of our study may therefore
be supported by this study; in this study, an amplified effect of
tailored feedback wasfound, even if it wasfor ashort term [32].
However, it is difficult to draw conclusions on the actual cause
and effect relationship. Prior research suggests a
question—behavior effect, meaning that smply asking a person
to answer questions about the intention to change behavior may
positively influence a person’s process to change that behavior
[33]. For instance, participants may then reflect on the registered
health aspects, which in turn may lead to an increased motivation
to change them. Because many Web-based intervention studies
use both interventions and questions as part of their design, it
is difficult to study whether it is the act of responding to
guestions or the intervention itself—or a combination of
both—that may cause the effect [34].

Prior Web-based lifestyle interventions using tailored health
feedback report modest effects on health improvements [35],
and previoudly published systematic reviews of non—Web-based
health promotions conducted among workplace personnel show
inconclusive results [36]. Also, few Web-based lifestyle
interventions have been conducted among a target group such
asourswith predominantly middle-aged overweight meninthe
transport industry, making it difficult to find support from
previousresearch. Presser et al report no increased effectsfrom
Web-based interactive feedback to promote physical activity
among sedentary employees at an automobile company [37],
compared with ordinary personal advice to encourage physical
activity. Hansen et a, however, found an improved level of
leisure-time physical  activity from their Web-based
population-based intervention study after 3 and 6 months but
report no other health improvements such asreductionsin BMI,
waist circumference, body fat percentage, or blood pressure[8].

Schulz et a indicate small health behavior improvements for
physical activity, vegetable and fruit consumption, alcohol
intake, and tobacco consumption. They specifically studied
differencesin health effectsfrom encouraging their participants
with either sequential health behavior changes (one at thetime)
or simultaneous health behavior changes (all at the sametime),
suggesting that sequential health changes produce greater effects
the first year, but that simultaneous changes generate a more
long-term effect found after 2 years [38]. These findingsarein
line with those of research by Krebs et al, suggesting that
tailored interventions using iterative feedback enhance the
effects when compared with tailored interventions based on
“one assessment feedback only” [35]. In our study, we asked
the participantsto change all health behaviors at once, meaning
that the potentia long-term effects on health behavior
improvements might be too early to detect from our 9-month
intervention. Research studiesindicate higher dropout ratesfor
interventions promoting simultaneous behavior changes dueto
prolonged time for the participants to see individual health
improvements [39], which could support the response rate in
our study [4].
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Our participants who received Web-based health feedback
received it instantly when filling out the questionnaire and, if
they wanted to, had the opportunity to read it again on the
website after submitting their questionnaire. It is possible that
once they had read the feedback on the screen (and potentially
saved it or printed it), there might not have been a reason to
revisit the website because it offered no new tips, updated
information, or interactive features such as chat roomsor blogs.
The fact that 66% of the study participants were field workers
may haveinfluenced the actual effect on the intervention. Even
if al study participants had access to computers and mobile
phones during their workday, it is possible that field workers
were less likely to enter the website enclosing the tailored
feedback, due to inconveniences of their work setting from
being out in the field. It would be interesting to study how
participants would use a questionnaire such as ours with
interactive feedback as a continuous mean to assess their own
health and receive instant feedback on new health behaviors.
However, it iscomplicated to draw conclusionsfrom interactive
data collection, including our results.

Even if the questionnaire was exactly the samein the 3 groups,
we cannot rule out that the intervention groups were affected
by the fact that they received instant feedback. Thus, athough
randomization was conducted to produce comparability between
the groups with respect to unmeasured confounding, the
feedback in itself may have introduced a difference. Results
such as comparisons at baseline and completers' analyses should
therefore be interpreted with caution.

Moreover, the follow-through on the “opt in” and “I will call
you” feature for contact with the telephone helplines in this
study is interesting and novel. It appears that 55% to 74% of
participantsinterested in tel ephone coaching indicated that they
would contact the helplines on their own initiative; however,
no one voluntarily contacted the helplines. Perhaps it requires
astronger courage by theindividual to dial ahelplineto ask for
help, as opposed to putting the responsibility in the hands of
the health counsel ors. Future research isrecommended to study
this further, particularly as nonfacial health interventions are
rapidly increasing in popularity due to the advancement of
technology. Many interventions are indeed based on the
individuals own capacity to take the first step in his or her
behavior change.

The contact information to the 3 helplines was only provided
in the questionnaire and thus saved at the personalized website.
The helplines for tobacco and alcohol were, on the other hand,
also advertised at general health care settings asthey were open
to the public, but the information to the Diet and Exercise
helpline was only provided in the questionnaire. Freguent
reminders and information about the feedback and telephone
helplines could have increased the use of these features and the
number of callersto the 3 helplines.

Even if our telephone coaching used well-established coaching
techniques such asthe motivational interviewing technique, the
benefits of the technique may not have been fully realized
because telephone coaching was only offered to those with
“higher” levels of motivation to change health behaviors. In
fact, the strength of motivational interviewing is the ability to
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explore ambiguity and to help individuals develop stronger
motivation and an interest in behavior change. Thus, our study
design might have restricted us to fully make use of this
coaching technique, which in turn may have influenced the
actual intervention effect of telephone coaching.

We did not track the participants' loginsto the tailored website
enclosing the personal health feedback, which would have
allowed us to study the participants use of the website. We
have previously reported findings on the association between
number of loginsto aWeb-based weight club and greater weight
lossamong men [13]. Furthermore, van Genugthen et a suggest
that participantswith adequate skillsto self-regulate their health
behaviors and who possess action planning skillsare more likely
to visit a tailored Web-based intervention compared with
participants with less self-regulation and action planning skills
[40]. However, Robroek et al state that even if web-based
messages may increase website use, the actual use of the
website's tools might be low [41]. Thus, future studies are
strongly recommended to invest time in promoting and
documenting the participants’ use of interventions. Careful
tracking may not only improve the quality of the study but also
ensure participants' partaking of proposed interventions.

We have previously presented results on response rate in this
study, suggesting that the overal response rate may be
vulnerableto specific occupational groupswith lessscreentime,
season of study, and the possibility to participate during work
hours [4]. The method of using the Internet to deliver health
interventions seems however appropriate for our study
population. All participants in our study had email addresses
and accessto computers or mobile phones during time of study.
About 90% of the Swedish population has accessto the Internet,
and 85% has broadband at home. A high computer literacy and
experience of useamong our study population isthereforelikely.

There is no reason to believe that selection bias of highly
motivated participants affected this study. Most of the
participants were not motivated to change their dietary and
physical activity habits at baseline. However, al the measures
in this study rely on self-reports, which is a limitation in this
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study. Future studies would benefit from adding device-based
measures, for example, for assessing physical activity. For
instance, accelerometers can be used for large surveys at
acceptable costs and to provide rather reliable measures [42].
Yet, the advancement in device-based measurers has escalated
the past years and at the time of planning this study, little
research using these devices had been done, thus explaining the
choice of method of thisWeb- and tel ephone-based intervention
study.

It cannot go unnoticed that our study sample represents a
challenging subgroup in health research. Our participants
represented mostly middle-aged men working in the transport
industry. Extending our findingsto other populationsistherefore
difficult. Accordingto prior literature, overweight, middle-aged
men are generally underrepresented in epidemiological lifestyle
studies, supporting our results on total response rate [43]. In
addition, previous research indicates that men have atendency
to procrastinate until they seek health care[44]. Therefore, any
health improvement on our study group, such as increased
motivation found in this study is of significance. The optimal
intervention still depends on the individual’s motivation,
personal preference, and level of implementation [38].
Consequently, even if we did not find any health effects from
using tail ored Web-based health feedback and optional telephone
coaching as intervention tools to promote healthier lifestyle
behaviors in our target group, it may have increased our
participants’ motivation to adopt healthier dietary and physical
activity habits. Future research isrecommended to further study
the effects on motivation with respect to short-term and
long-term effects.

Conclusion

Tailored Web-based health feedback and the offering of optional
telephone coaching did not have a positive health effect on
employees in the transport service industry. However, our
findings suggest an increased short-term motivation to change
health behaviors related to diet and physical activity among
those receiving tailored Web-based health feedback.
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Abstract

Background: Web-based physical activity interventions that apply computer tailoring have shown to improve engagement and
behavioral outcomes but provide limited accountability and social support for participants. It is unknown how video callswith a
behavioral expert in a Web-based intervention will be received and whether they improve the effectiveness of computer-tailored
advice.

Objective: The purpose of this study was to determine the feasibility and effectiveness of brief video-based coaching in addition
to fully automated computer-tailored advice in a Web-based physical activity intervention for inactive adults.

Methods: Participants were assigned to one of the three groups: (1) tailoring + video-coaching where participants received an
8-week computer-tailored Web-based physical activity intervention (“My Activity Coach”) including 4 10-minute coaching
sessionswith abehavioral expert using a Web-based video-calling program (eg, Skype; n=52); (2) tailoring-only where participants
received the same intervention without the coaching sessions (n=54); and (3) awaitlist control group (n=45). Demographics were
measured at baseline, intervention satisfaction at week 9, and physical activity at baseline, week 9, and 6 months by Web-based
self-report surveys. Feasibility was analyzed by comparing intervention groups on retention, adherence, engagement, and
satisfaction using t tests and chi-sguare tests. Effectiveness was assessed using linear mixed models to compare physical activity
changes between groups.

Results: A total of 23tailoring + video-coaching participants, 30 tailoring-only participants, and 30 control participants completed
the postintervention survey (83/151, 55.0% retention). A low percentage of tailoring + video-coaching completers participated
in the coaching calls (11/23, 48%). However, the majority of those who participated in the video calls were satisfied with them
(5/8, 71%) and had improved intervention adherence (9/11, 82% completed 3 or 4 modulesvs 18/42, 43%, P=.01) and engagement
(110 minutes spent on the website vs 78 minutes, P=.02) compared with other participants. There were no overall retention,
adherence, engagement, and satisfaction differences between tailoring + video-coaching and tailoring-only participants. At 9
weeks, physical activity increased from baselineto postinterventionin all groups (tailoring + video-coaching: +150 minutes/week;
tailoring only: +123 minutes/week; waitlist control: +34 minutes/week). The increase was significantly higher in the tailoring +
video-coaching group compared with the control group (P=.01). No significant difference was found between intervention groups
and no significant between-group differences were found for physical activity change at 6 months.

Conclusions:  Only small improvements were observed when video-coaching was added to computer-tailored advice in a
Web-based physical activity intervention. However, combined Web-based video-coaching and computer-tailored advice was
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effectivein comparison with acontrol group. Moreresearch isneeded to determine whether Web-based coaching is more effective

than stand-alone computer-tailored advice.
Trial Registration:

Australian New Zeadland Clinica Trias

Registry (ACTRN): 12614000339651;

http://www.anzctr.org.au/Trial Search.aspx ?searchTxt=ACTRN12614000339651+&isBasic=True (Archived by WebCite at

http://www.webcitation.org/6j TnOvOL d)

(J Med Internet Res 2016;18(8):€223) doi:10.2196/jmir.5664
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Introduction

Physical activity improves physical and mental health and
significantly lowers the risk of noncommunicable disease,
including cardiovascular disease, diabetes, and cancer [1].
Australian guidelines recommend 150-300 minutes of
moderate-intensity activity each week, over 5 days, to receive
health benefits and reduce the risk of noncommunicable disease
[2]. Despite this, less than 50% of Australians meet these
recommendations[3]. Assuch, thereisaneed for effective and
affordable physical activity interventions with a broad reach.

Health behavior change interventions delivered via the Web
have the potential to reach alarge audience at low cost, dueto
the mgjority of Australians (92%) having accessto the Web [4].
Furthermore, they are convenient for participants and enable
the content to be delivered in anonconfrontational manner [5-7].
Many studies have found Web-based physical activity
interventions to be effective in the short term. For example,
reviews of Web-based physical activity interventions have found
more than half of controlled trials to report positive physical
activity outcomes [8,9]. However, problems with low
engagement and high dropout rates|ead to small and short-term
behavior changes [8,10]. Furthermore, many interventions
struggleto reach those most in need of increasing their physical
activity [8,10-12]. Personalized health advice through coaching
sessions or computer-tailored feedback engages participants
and improves the effectiveness of Web-based health behavior
interventions [13-15]. Both Web-based coaching sessions and
computer-tailored advice provide support similar to traditional
face-to-face coaching sessions, at a lower cost with fewer
geographical restrictions[13,16].

Coaching is defined as facilitating health behavior change
through interactions between a health professional (coach) and
aclient [17]. Web-based coaching sessions are most similar to
traditional face-to-face coaching as they provide personal
interaction. Coaching in Web-based physical activity
interventions improves participants’ perceptions of their social
support, which is associated with greater levels of behavior
change[18,19]. The Socia Cognitive Theory stipul atesthat the
acquisition of anew behavior isinfluenced by the individuals
cognitive factors (eg, attitude), behaviora factors (eg, skills),
and contextua factors including reinforcement, instructions,
and socia norms [20]. Including coaching in a Web-based
intervention addresses the otherwise overlooked socid
contextual factorsthat play an important rolein behavior change
[20].

http://www.jmir.org/2016/8/e223/

Advances in Internet technology and broadband capacity now
allow the option of delivering coaching sessions via free
Web-based video-calling programs, which allow participants
toview the coach and engagein averbal discussion. The popular
video-calling programs Skype, Google Hangouts, and FaceTime
areencrypted, which ensures privacy of participant information
[21]. Video-coaching facilitates higher engagement, feelings of
accountability, and social support, and reduces the risk of
misunderstandings compared with emailsand instant messaging
[22,23]. Video-coaching has been found to be effective in
producing changes in parenting behavior [24], to have a high
feasibility for smoking cessation [25], and ahigh feasibility for
supporting in-home rehabilitation in the elderly [26]. However,
no studies have used video-coaching as part of a Web-based
physical activity program. Despite the potential of Web-based
video-coaching, its reliance on the time of a behavior change
expert leadsto higher implementation costs compared with fully
automated computer-tailored advice.

Computer tailoring can deliver personalized advice at a low
cost by using a computer-based expert system to automatically
deliver feedback to participants responses to a Web-based
guestionnaire [13]. Computer-tailored physical activity advice
is preferred by participants, leads to greater attention [27], and
improved health behavior outcomes compared with generic
health advice [14]. Although the effectiveness of computer
tailoring is well established and it has the benefit of providing
personalized adviceto large numbers at low cost, it isunknown
whether it could be more effective with an element of human
support.

To our knowledge, no health behavior interventions have
combined computer-tailored advice with Web-based
video-coaching. This approach may improve intervention
outcomes by utilizing the benefits of both methods. Providing
computer-tailored advice can limit the time required from a
video-coach, therefore limiting costs, as well as reducing
reliance on the knowledge and expertise of the coach. A brief
coaching session can add an element of social support, as well
as further explanation, personalization, and interpretation of
theory-based computer-tail ored advice received by participants
at an earlier time. It is unknown whether brief video-coaching
sessions to reiterate computer-tailored physical activity advice
are feasible in terms of retention, adherence, engagement, and
satisfaction. It is also unknown whether they lead to improved
physical activity and quality of life compared with stand-alone
computer-tailored advice. Therefore, this study explores the
feasibility and effectiveness of a brief Web-based coaching

JMed Internet Res 2016 | vol. 18 | iss. 8 [e223 | p.63
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.5664
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

session in addition to computer-tailored advice for inactive
adults.

The first aim of the study was to determine the feasibility of
brief video-coaching, when used to discuss previously received
computer-tailored physical activity advice, in a stand-alone
Web-based intervention for inactive adults. Feasibility was
determined by adherence and satisfaction of the coaching
sessions and comparing intervention retention, adherence,
website engagement, and satisfaction of the tailoring +
video-coaching and tailoring-only groups. The second aim was
to test the effectiveness of the video-coaching onsinterms
of physical activity and quality of life outcomes. It was
hypothesized that computer tailoring in combination with
video-coaching would result in greater retention, adherence,
engagement, and satisfaction with the intervention, compared
with a computer-tailored—only group and a waitlist control
group. It was also hypothesized that computer tailoring and
video-coaching would result in greater improvementsin quality
of life and physica activity compared with a
computer-tailored—only group and awaitlist control group.

Methods

Research Procedure

A detailed account of the methods can be found in the protocol
paper [28] and a consort eHealth checklist for the paper can be
found here (Multimedia Appendix 1) [29]. The recruitment
methods, participant €ligibility, protocol, intervention
description, measures, and data analysis are summarized bel ow.

Recruitment

Print advertising and Web advertising were used to recruit
participants from a number of Australian metropolitan and
regional cities (Sydney, Melbourne, Perth, Brisbane,
Rockhampton, Bundaberg, Mackay, and Townsville). Print
advertising included newspaper advertisements and articles,
posters and lesflets displayed in health clinics, and leaflets
distributed to peoples’ homes. The Web advertising included
links displayed on community websitesand paid advertisements
on Google and Facebook. Ethics approval was received from
the Central Queensland University Human Research Ethics
Committee (H13/04-044), before recruitment took place from
March 2014 to January 2015. This study is registered with the
Australian  New Zealand Clinica Trials Registry
(ACTRN12614000339651).

Participants

Peoplewere digibleto participateif they were English-speaking
Australian adults (older than 18 years). Participants were
excluded if they were pregnant, at risk of injury or ill health
from their increasing physical activity (as assessed by the
Physical Activity Readiness Questionnaire), or if they were
already meeting the physical activity recommendations (as
assessed viaasingle item asking if participants participated in
30 minutes of physical activity on most days). It is likely that
the intervention attracted participants with a high Internet
literacy.

http://www.jmir.org/2016/8/e223/
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Protocol

Information about the study, including the affiliation with
Central Queensland University, was available on the landing
page of theintervention website (M ultimedia Appendices 2 and
3). To assessindividuals' eligibility, how they heard about the
program, and collect contact details, a screening questionnaire
was delivered through the intervention website. Eligible
participants were randomly assigned based on a sequence (not
concealed) of random numbers between 1 and 3 to one of three
study arms: tailoring + video-coaching, tailoring-only, or waitlist
control. This was done in blocks of 15 participants. SA
generated the random allocation sequence and assigned
participants to groups. Participants remained blinded to their
condition until after completing al baseline measures.
Participants began the intervention on the Monday following
their recruitment. The consent form and then baseline
guestionnaire were administered through the intervention
website for al groups. Upon completing the baseline
guestionnaire, the intervention groups received module 1 of
their personalized advice, whereas the control group received
nothing. The intervention “My Activity Coach” delivered 1
module of computer-tailored advice every 2 weeks over 8 weeks
(4 modules in total). During the weeks where no new modules
were received, participants in the tailoring + video-coaching
group received a brief coaching session through a Web-based
video-calling program (eg, Skype) to reiterate the advice
received in their previous module. Participants in the
tailoring-only group received an email reminding them of the
tailored advice they received in the previous module to ensure
both intervention groups received the same number of contacts.
Participants in the waitlist control group were given the
opportunity to participate in the intervention without coaching
after they completed the final questionnaire. Questionnaires
were administered through the intervention websiteimmediately
after the end of the intervention (week 9) and 6 months after
the end of theintervention. Participantshad to log into complete
each survey, which ensured they were only completed once.
The week 9 questionnaires were collected from June 2014 to
March 2015. It was not possible to blind researchers to
participants’ group assignment after they had completed the
baseline questionnaire. Participants were blinded to their group
assignment only when completing their baseline questionnaire.
The consent sheet explained the 2 interventions and therefore
it is possible that participants worked out whether they werein
the intervention of interest or comparator. Participants who
completed al surveys went in the draw to win 1 of 30
pedometers, 6 Fitbits, and 3 heart rate monitors. Because many
individuals began but failed to complete the screening
guestionnaire, wetested conducting the screening questionnaire
by phone (after receiving an ethics amendment from the Central
Queensland University’s Human Research Ethics Committee).
Thiswas donefor 15 prospective participants and discontinued
because of failure to increase screening completions. The
Web-based booking system for coaching participants was
changed halfway through the tria as the first booking system
was discontinued. No other changesto the protocol were carried
out during thetrial.
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Intervention

The 8-week “My Activity Coach” Web-based intervention
delivered anew module of tailored advice to participants every
2 weeks [30]. Each module required participants to complete a
brief Web-based questionnaire about their physical activity and
psychosocial correlates of physical activity. Feedback was then
provided based on their responses to the questionnaire
(Multimedia Appendices 4 and 5). Participants received up to
4 reminder emails and areminder phone call when they did not
complete the survey required for each module. The tailored
advice was based on behavior change theory (Theory of Planned
Behavior [31]) and communication theory (Elaboration
Likelihood Model [32]). Each module began with a graph
including barsto represent participants' current physical activity,
their physical activity during the previous modules, as well as
the minimum and optimal physical activity recommendations.
Module 1, titled “Areyou active enough,” explained the physical
activity recommendations and health benefits of physical activity
tailored to their body mass index (BMI), age, and level of
physical activity. The module ended with a suggested goal
(based on their current activity level) to work toward until the
next module. Module 2, titled “Let’s set some goals,” provided
participants with information on goal setting and action
planning. Module 3, titled “Physical activity and your
environment,” delivered tailored information on using
participants’ social and physical environmentsto increasetheir
physical activity. Module 4, titled “ Staying active,” addressed
relapse prevention. Participants also received tailored advice
on their perceived benefits and barriers to being active and
self-efficacy to become more active throughout the modules.
The modules and intervention website were adapted from an
earlier 2-modul e Web-based intervention with computer-tailored
advice for inactive adults [33]. Focus groups were conducted
to inform development of this prior intervention [34]. Updates
were conducted by a website developer who also created the
original intervention website.

An action-planning tool became available to participants after
module 2. Thetool allowed participantsto create an action plan
for up to 4 activities (specifying where, when, for how long,
and with whom they will be active over the following 2 weeks).
Participants could print acalendar-based overview of their action
plan (Multimedia Appendix 6). The coaching group’s 10- to
15-minute biweekly video-coaching sessions were conducted
through a Web-based video-calling program of participants
choice (eg, Skype, Google Hangouts, Yahoo Messenger, and
FaceTime). During the session the activity coach commented
on the tailored advice participants received in the module from
the previous week, answered any questions participants had,
and provided encouragement, support, and accountability.

M easures

Participants’ demographicsincluding sex, age, BMI, household
income (less than AUD $31,200, AUD $31,200-$77,999, more
than AUD $78,000), education (less than secondary, secondary,
further education), and employment (full time, part time or
casual, and not in paid employment) were assessed in the
baseline survey. Participants were also asked if they used a
video-calling program (Skype, Google Hangouts, FaceTime,
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other, none). Completion of the coaching sessions, the length
of the coaching sessions, and reasons for missed coaching
onswererecorded by the coach. Intervention retention and
adherence were assessed by recording participants' completion
of the research surveys and intervention modules, respectively,
and website engagement was measured through Google
Analytics. Google Analytics recorded the number of website
visits and time spent on the website for each participant.
Intervention participants' satisfaction with the intervention was
assessed at the end of the intervention (week 9). Satisfaction
with module questions (4 items), computer-tailored advice (14
items), website usability (13 items), overall program (5 items),
and coaching (14 items) were al assessed. The items were
specifically devel oped for this study, although based on previous
research [35]. The items were on a 5-point Likert scale where
participants were asked to rate their agreement (1=strongly
agree to 5= strongly disagree) to statements about the
intervention. All positively framed questions were reverse
scored. For each category participants with amean rating of 3.6
or higher (maximum = 5) were categorized as “satisfied.”
Coaching participants were also asked if they completed a
coaching session and if not, why not. All intervention
participants were asked 4 open-ended questions about 3 topics:
the advice, website, and overall program. Coaching participants
who completed a coaching session were asked an additional 4
open-ended questions specifically relating to the coaching
sessions. The 4 questions for each category (advice, website,
program, and coaching) were (1) what did you like about the
advice, website, program, or coaching; (2) what did you not
like; (3) any recommendations for improvement; and (4) any
other thoughts (Multimedia Appendix 7). Responses for all
guestions were thematically analyzed. The main outcome,
weekly physical activity, was assessed at all time pointsviathe
Active Australia Survey, (AAS), which has a high percentage
agreement with other physical activity measures (67%-75%)
[36] and has a good test-retest reliability (kappa = .52) [37]
including when self-administered [38]. Quality of life was
measured at all 3 time points by the SF-12 version 2, which is
valid [39] and reliable [40] including when self-administered
on the Web [41]. Physical health and mental health component
scores were calculated from the SF-12 version 2 following
manual instructions [42].

Data Analysis

Baseline demographics for participants in each trial arm
(tailoring + video-coaching, tailoring-only, and control) are
presented (Table 1). The demographics of completers versus
dropouts, as well as coaching participants who did versus did
not complete a coaching session, were compared using
chi-sguare and t tests. To test feasibility of the coaching sessions,
completion of the coaching sessions, the length of the coaching
sessions, and reasons for missed coaching sessions were
presented. Next, the 2 intervention groups, as well as coaching
participantswho did versus did not compl ete a coaching session,
were compared on retention (dropouts vs completers) and
adherence (completed 1-2 modules vs 3-4 modules) using a
chi-square test, number of website visits and time spent on the
website using t tests, and satisfaction scores (satisfied vs neutral
or not satisfied) using a chi-square test. To test effectiveness,
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longitudinal data were analyzed using intention-to-treat
principles. Physical activity, mental health score, and physical
health score were each model ed using linear mixed modelswith
time (baseline, week 9, and 6 months) as arepeated factor, fixed
effects of time and group (control, tailoring-only, tailoring +
video-coaching), and a time by group interaction (Table 2).
Significance level was set to P<.05.

Sample Size

Sample size calculations demonstrated that a sample size of
300, or 100 in each study arm, was required to detect
between-group differencesin physical activity from baselineto
postintervention using linear mixed models [43]. This
calculation was based on the alpha level of <.05 (80% power)
and a small effect size (0.43) and 25% attrition, which are
common in similar interventions [10].
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Results

Flow of Participants

Of the 239 randomly assigned participants, 154 completed the
baseline questionnaire and at least one of the intervention
modules. Of these, 84 participants completed the
postintervention survey at week 9 (55% retention). A total of
59 parti cipants compl eted the 6-month follow-up questionnaire
(38% retention). There were no demographic differences
between those who compl eted the week 9 survey and those who
did not. The majority of participants were recruited through
Facebook (63%), and small percentages were recruited through
Google (8%), a newspaper article (6%), letterbox drops (5%),
family or friend (5%), leaflets (5%), posters (4%), community
websites (3%), and newspaper advertisements (1%). Figure 1
presents the flow of participants through the trial.
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Table 1. Baseline characteristics, physical activity, and quality of life by group assignment

Variables Tailoring + video coaching  Tailoring only Control

Sex n=154, n (%)

Male 16 (30) 14 (25) 7(16)
Female 37 (67) 42 (75) 38 (84)

Employment n=1512 n (%)

Full time 19 (37) 21(38) 18 (40)

Part time or casual 10 (19) 10 (19) 9(20)

Not in paid employment 23 (44) 23 (43) 18 (40)
Education n=151%, n (%)

L ess than secondary 2(4) 0(0) 0(0)

Secondary 8 (15) 10 (19) 6(13)

Further education 42 (81) 44 (81) 39 (87)
Income n=112b, n (%)

Morethan AUD $78,000 21 (55) 14 (36) 21 (60)

AUD $31,200-$77,999 11 (29) 17 (44) 6 (17)

Lessthan AUD $31,199 6 (16) 8(20) 8(23)

Uses Web-based video-calling n=1512, n (%)

Yes 51 (63) 53 (68) 63 (79)

No 30 (37) 25 (32) 17 (21)
Age (years), n=154 55.26 (10.93) 52.18 (11.53) 55.18 (13.45)
BMIC, n=150%, M(SD) 32.08 (7.43) 31.58 (7.43) 29.97 (6.75)
Baselinetotal physical activity (minutes'week), n=151,  189.52 (214.30) 152.87 (174.33) 160.44 (191.23)
M(SD)
Week 9 total physical activity (minutesweek), n=83, 387.83 (264.89) 315.17 (264.39) 211.00 (164.16)
M(SD)
6-month total physical activity (minutesiweek), n=59, 41952 (77.109) 319.71 (164.77) 305.00 (315.86)
M(SD)
Baseline mental health score, n=148, M(SD) 46.10 (1.30) 41.36 (12.27) 42.74 (1.78)
Week 9 mental health score, n=82, M(SD) 48.97 (10.27) 30.03 (6.12) 45.19 (10.50)
6-month mental health score, n=59, M(SD) 48.16 (12.11) 43.90 (10.34) 44.94 (11.84)
Baseline physica health score, n=146, M(SD) 46.90 (10.17) 51.92 (8.28) 48.62 (8.98)
Week 9 physical health score, n=78, M(SD) 46.88 (12.05) 51.48 (6.95) 47.32(9.37)
6-month physical health score, n=59, M(SD) 46.60 (10.22) 52.38 (5.47) 48.18 (10.46)

3Baseline data (employment, education, video calling use and BMI) were lost for 3 participants.
bA total of 39 respondents chose not to disclose their income.

°BMI: body mass index.

dBMI was lost for four participants.
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Figure 1. Participant flow through the intervention trial. * PARQ: Physical Activity Readiness Questionnaire.
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had completed a higher education course. Less than half

Sample Characteristics

(n=60/151, 39.7%) of participants were physically active and

Themgjority of participantswerefemale (117/154, 76.0%) and  on average participated in 168 minutes of physical activity. The
were on average 54 years of age. Just under half (64/151, 43%)  average BMI was 31, whichisin the obese range. The majority
werenot in paid enployment and the majority (125/151, 82.8%)  (n=106/151, 70.2%) used a video-calling program.
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Coaching Adherence and Satisfaction

Coaching participants had low adherence to the coaching
sessions. Just under half of coaching group completers (11/23,
48%) and lessthan aquarter of all coaching participants (11/52,
21%) completed 1 coaching session. Therewere no demographic
differences between those who participated in acoaching session
and those who did not. Of the coaching participants who did
not do a coaching session, 8 wanted a second chance to do a
session but did not book or show up the second time, 7 refused
to do one, 4 were too busy, 7 had technical difficulties, 2 had
injuries, and contact waslost with 13. Of those who participated
in at least 1 coaching session, an average of 2.4 sessions were
completed, the average coaching session length was 10.4
minutes, and 15% of the coaching calls were interrupted with
technical difficulties. A total of 8 coaching participants (8/52,
15%) completed the coaching satisfaction questions. The
majority were satisfied with the coaching sessions (n=5/8,
71.4%). In response to open-ended coaching questions,
participants said the sessions held them accountable (n=3),
appreciated the support (n=1), appreciated theinformation (n=1),
liked the structure (n=1), and liked talking about exercise that
suitsthem (n=1). However, some had technical problems (n=2)
and would have preferred to use a phone (n=1).

Intervention Adherence and Retention

Retention did not differ between intervention groups (%= 4.7,
P=.11). Participants who completed at |east 1 coaching session
had a higher percentage of week 9 survey completers (n=8/11,
73%), compared with other intervention participants (n=50/95,
53%), but this difference was not significant (x?,= 1.6, P=.21).
Just under half (n=50/106, 47%) of participants completed at
least 3 of the 4 intervention modules. Intervention adherence
was similar for the tailoring + video-coaching group and the
tailoring-only group (x2,= 2.1, P=.15); however, significantly
more participants who participated in the coaching sessions
completed at least 3 of the 4 intervention modules (n=9/11,
82%) compared with other intervention participants (n=41/95,

43%:; x%,= 6.0, P=.01).

Website Engagement

The average website visits and minutes spent on the website
for the intervention groups were 7.53 (SD 7.14) and 87.07 (SD
77.33) minutes, respectively. The average number of website
visitswas similar for the tailoring + video-coaching group and
the tailoring-only group (t; ;03= 0.05, P=.96). Average minutes
spent on the website was higher for the taloring +
video-coaching group (mean 99.58 minutes, SD 95.71) thanthe
tailoring-only group (mean 75.25 minutes, SD 52.90), but this
was not significantly different (t;,05= 1.60, P=.11). Participants
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who compl eted the coaching sessions spent asignificantly longer
time (ty105= 2.73, P=.02) on the intervention website (mean
174.64 minutes, SD 110.11) compared with other intervention
participants (mean 77.84 minutes, SD 67.48). Participants who
completed the coaching sessions also visited the website more
frequently (mean 10.20, SD 3.85) compared with other
intervention participants (mean 7.25, SD= 7.36), but this
difference was not significant (t;,g5= 1.24, P=.22).

Satisfaction

More than two-thirds of the participants were satisfied with the
overal program (n=36/53, 68%), while the majority of
participants were satisfied with the website usability (n=40/53,
77%), the computer-tailored advice (n=38/53, 76%), and the
module questions (n=48/53, 91%). There was no difference
between intervention groups on program satisfaction scores

(x?;= 0.4, P=.71). A higher percentage of those who
participated in the coaching sessions (n=7/8, 88%) were satisfied
with the program compared with other participants (n=29/45,
64%); however, this difference was not statistically significant

(x°= 1.66, P=.20).

In response to open-ended questions on the overall program,
participants mentioned that they liked the convenience (n=4),
ease of use (n=4), the information (n=5), emails (n=2), found
it motivating (n=5), and liked the accountability (n=2).
Participants al'so mentioned that they would like more contact
with a real person (n=7) and thought there were too many
questions (n=2). In response to the questions on the advice,
participants mentioned that it was easy to understand (n=12),
was concise (n=4), laid out well (n=4), was nonjudgmental
(n=2), and liked the personalization (n=2). However, some
participants thought it was not personalized enough (n=11), did
not like the Web-based format (n=4), and learned nothing new
(n=2). In response to open-ended questions on thewebsite, some
participants mentioned that the website was easy to use (n=14),
whereas others thought it was hard to use (n=5). Lastly, some
participants thought the website could use more visuals and
interesting links (n=6).

Physical Activity

Physical activity (minutes’week) improved from baseline to
postintervention (week 9) and from baseline to follow-up (6
months) in all groups (Table 2,Figure 2). According to the linear
mixed models analysis, the increase in physical activity from
baseline to postintervention in the tailoring + video-coaching
group in comparison with the control group was significant
(Table 2). No significant difference was found between the
intervention groups (Table 2). No significant differences were
found between groups on physical activity changes from
baseline to follow-up at 6 months.
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Figure2. Mean physical activity at baseline, week 9 (post intervention), and 6 months (follow-up), unadjusted. Baseline n=151, postintervention n=83,
and follow-up n=59. Note: 95% confidence intervals presented for the coaching and control groups only.
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Quality of Life
Physical health scores remained relatively constant across each

time point (Table 2). Mental health scores remained relatively
constant in the control and tailoring + video-coaching group;

however, mental health scores dropped in the tailoring-only
participants at postintervention (Table 2).

Assuch, thelinear mixed models analysisindicated asignificant
difference in mental health between both intervention groups
from baseline to postintervention (Table 2).

Table 2. Physical activity, mental health, and physical health changes by group: results of intention-to-treat analysis using linear mixed models

QOutcome variables Baseline to postintervention

Baseline to follow-up

Estimate® P value Cohen'sd  Egimate® P value Cohen'sd
Physical activity (n=151)
Tailoring + video-coaching  140.94 (-254.01t0 -27.87) .01 0.55 66.16 (—244.55t0 112.24) .46 0.19
versus control
Tailoring + video-coaching  35.39 (-148.50 to 77.71) .54 0.11 -25.16 (-211.74 t0 161.43) .79 0.18
versus tailoring-only
Mental health (n=148)
Tailoring + video-coaching  0.04 (-5.87 to 5.94) .99 0.22 0.36 (-5.65 t06.38) .90 0.22
versus control
Tailoring + video-coaching -13.18 (-19.10 to —7.26) .00 0.91 143 (-4.91t07.77) .65 0.34
versus tailoring-only
Physical health (n=146)
Tailoring + video-coaching -2.97 (-7.16 to 1.22) 16 041 -2.07 (-6.34 t0 2.20) .34 0.43
versus control
Tailoring + video-coaching -2.58 (-7.00 to 1.83) .25 0.33 0.16 (-4.32t0 4.65) .94 0.03

versus tailoring-only

8 stimate of tail oring and video-coaching group’s change in the dependent variablein comparison with control and tailoring-only. Higher scores represent

greater improvements than the comparison group.

Discussion

Feasibility

The first aim of this study was to determine the feasibility of
Web-based video-coaching sessions. The low participation and
high satisfaction with the coaching sessions suggests that the
majority of people participating in Web-based physical activity
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interventions are reluctant to tak to a coach using a
video-calling program, but those who do find it worthwhile.
The low participation in the coaching sessions could be
explained by the high percentage of coaching participants (37%6)
who do not use video-calling software. This may be due to the
older age of the participants who are less comfortable with
technology [4]. Phone calls may have also been received better
in this sample. The lower intervention adherence in the
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video-coaching + tailoring group also suggests that increasing
participant burden through an additional video-coaching
component may reduce feasibility. The high satisfaction of the
video-coaching sessions adds to past research findings of high
satisfaction of coaching sessions conducted over the phone[44].
An important reason for the high satisfaction could be the
accountability provided through the coaching sessions, as this
wasthe most frequently given positive feedback for the sessions.

The two most common negative comments about the overall
program were the lack of personal contact and that it was not
personalized enough. Therefore, it is not surprising that those
participants who participated in coaching sessions reported
higher levels of program satisfaction. Participant satisfaction
leads to improved engagement, which is important for
intervention effectiveness [45]. In support of this, the
participants who compl eted the coaching onswerenot only
more satisfied with the program, but had significantly higher
retention, higher adherence, and spent a significantly longer
time on the website. This is in line with past research,
demonstrating that personal contact in a\Web-based intervention
improves engagement [46,47]. However, it is possible that the
coaching sessions are only effective in some people, and that
the coaching sessions in this study may have retained a
subsample of participants who were frequent Web users and
therefore familiar with video-calling software or were more
motivated to begin with. Due to the low participation in the
coaching sessions, there were no significant differences in
overall retention, adherence, engagement, and satisfaction
between the 2 intervention groups. Web-based interventions
with computer-tailored advice and coaching sessions may
increase retention, adherence, engagement, and satisfaction, but
only if they can convince participants to participate in the
coaching sessions.

Effectiveness

The second aim of this study was to assess the effectiveness of
the coaching sessions, by comparing physical activity and
quality of life changes of the tailoring + video-coaching group
with the tailoring-only and control groups. After the 8-week
intervention period there was a significant treatment effect of
thetailoring + video-coaching physical activity intervention on
physica activity compared with no intervention. The
improvement in physical activity compared with the control
group (116 minutes per week, unadjusted) resulted in amoderate
effect size and is considered clinically significant because of
the large health effects seen from doing even small amounts of
physical activity [48]. Thisfinding isin line with findings that
activity counseling over the phone [49], via email [50], and
computer-tailored advice [13] improve participants physical
activity in comparison with a control group. Few studies have
specifically tested the eff ectiveness of counseling through video
calsin physical activity interventions. Pilutti et a [51] found
that video-coaching to promote physical activity in patientswith
multiple sclerosis was effective. However, the coaching group’s
significant improvement in physical activity compared with the
control group, in our study, could be due to the
computer-tailored advice.
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The tailoring + video-coaching group participants improved
their physical activity 27 minutes per week (unadjusted) more
in comparison with the tailoring-only group; however, no
significant between-group differences were found. The
availability of human support may have improved the overall
physical activity of the tailoring + video-coaching group.
Participants who needed to discuss their computer-tailored
advice were able to. Limited studies have compared the
effectiveness of coaching in addition to computer-tailored
advice. Van Hoye et a [52] compared physical activity
self-monitoring with and without additional face-to-face
coaching sessions. They found that the coaching group had
significantly greater physical activity improvements than the
self-monitoring only group. An earlier study tested the
effectiveness of email coaching in addition to abasic Web-based
weight loss intervention [53]. The email-coaching group had
significantly greater weight loss outcomes than the Web-based
intervention only group. However, the effectiveness of coaching
found in these studies may be due to the minimal nature of the
comparison interventions (generic physical activity information
+ self-monitoring). The physical activity advice given in our
study was highly tailored to participants’ physical activity
behavior, demographics, and psychosocial correlates of physical
activity. This feedback might be enough to optimize physical
activity outcomes (as demonstrated by a 172 minutes/week
increase in physical activity in this group). The lack of
significant differences between the intervention groups could
also be due to low adherence to the coaching sessions, which
may have reduced the effectiveness of the intervention in the
tailoring + video-coaching group. The detailed computer-tailored
advice may have discouraged participants to adhere to their
coaching sessions as they were satisfied with the
computer-tailored advice. Core intervention content may need
to be delivered in the coaching sessions to promote higher
adherence. Therefore, more research is needed to determine
whether Web-based coaching is more effective than stand-alone
computer-tailored advice.

The physical activity levels in the tailoring + video-coaching
and tailoring-only groups were maintained at 6 months. There
were, however, no significant between-group differences in
physical activity changes from baseline to 6 months. This was
due to the control group participants increasing their activity
from 9 weeks to 6 months after the intervention. The absence
of between-group physical activity changes at 6 months after
the intervention is not uncommon in physical activity
interventions; however, it is usualy due to the intervention
group’sdeclinein physical activity rather than aphysical activity
increase in the control group [54].

There were no differences the physical health component of
quality of life over timefor any of the groups. This may be due
to the sample not being large enough to detect subtle
improvements or the overall high level of physical activity and
physical health in the sample at baseline. Although previous
studies have established a positive association between physical
activity and quality of life[55], the effect of increased physical
activity on quality of lifeismainly seenin clinical samplesthat
have a lower quality of life at baseline [56]. The significant
reduction in quality of life in relation to mental health in the
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tailoring-only group from baseline to postintervention in
comparison was unexpected, as this group’s participants did
increase their physical activity at a clinically significant level
and previous studies have associated this with an increase in
quality of life [55].

Limitations

Limitations of the research include self-reported physical
activity, which may be subject to socia desirability bias.
Participants and researchers were not blinded to group
assignment, which may have biased results. The sample was
predominantly female, white, and educated. Therefore, the
results may not be generalizable to males, other cultures, and
low socioeconomic groups. A high percentage of the sample
was not in paid employment when compared with the Australian
population data (43% vs 33%) [57]. Thismay be dueto the high
percentage of females and the older age of the participants. It
could also be due to the people not in paid employment having
more time to participate. Therefore, the results may not be
generalizable to peoplein paid employment.

Furthermore, 40% of the participants were physically active at
baseline despite the target group being inactive adults. Thisis
not uncommon in physical activity studies[58], although results
may not be generalizableto physically inactive Australianswho
are most in need of increasing their activity. The sample may
have a high level of computer and Internet literacy as the
majority of participants were reached through Facebook.
Therefore, the findings may not be fully generalizableto people
with a lower computer and Internet literacy. The additional
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phone callsthe coaching partici pants received encouraging them
to complete the coaching calls may have affected their physical
activity levels. However, thisis expected to be minimal dueto
the phone discussion being focused on scheduling the coaching
call rather than their physical activity. Objective measurement
of physical activity (eg, accelerometry) is needed to confirm
the findings of this study. Although we were able to detect a
difference in physical activity changes between the tailoring +
video-coaching and tailoring-only groups, the analysis was
underpowered to detect other differences between the groups
as the required sample size of 100 per group was not met. The
low retention is also a significant limitation. Low retention is
common in Web-based programs, potentially dueto the minimal
face-to-face contact through either recruitment or the
intervention. Similar retention rates have been observed in other
Web-based health behavior interventions [59,60]. Retention is
likely to be even lower outside of arandomized controlled trial
setting that included reminder calls from researchers.

Conclusions

Combined Web-based video-coaching and computer-tailored
advice was effective in comparison with a control group;
however, only small nonsignificant improvements were seen
when video-coaching was included in addition to
computer-tailored advice in a Web-based physical activity
intervention. Only a small percentage of participants adhered
to Web-based video-coaching sessions, but those who
participated were highly satisfied and more engaged in the
intervention. Further research should investigate how adherence
to Web-based coaching sessions can be improved.
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Abstract

Background: Self-monitoring using the Internet offers new opportunitiesto engage perinatal diabetic women in self-management
to reduce maternal and neonatal complications.

Objective: Thisreview aimsto synthesize the best available evidence to evaluate the efficacy of Internet-based self-monitoring
interventions in improving maternal and neonatal outcomes among perinatal diabetic women.

Methods: The review was conducted using Cochrane Central Register of Controlled Trials, PubMed, EMBASE, Cumulative
Index to Nursing and Allied Health Literature, PsyINFO, Scopus, and ProQuest Dissertations and Theses to search for
English-language research studies without any year limitation. A risk of bias table was used to assess methodological quality.

Meta-analysis was performed with RevMan software. Cochran Q and |2 tests were used to assess heterogeneity. The overall effect
was assessed using z tests at P<.05. Of the 438 studiesidentified through el ectroni ¢ searches and referencelists, nine experimental
studies from 10 publications were selected.

Results: Half of the selected studies showed low risk of bias and comprised 852 perinatal diabetic women in six countries. The
meta-analysis revealed that Internet-based self-monitoring interventions significantly decreased the level of maternal glycated
hemoglobin Alc (z=2.23, P=.03) compared to usual care among perinatal diabetic women at postintervention. Moreover,
I nternet-based self-monitoring interventions significantly decreased the cesarean delivery rate (z=2.23, P=.03) compared to usual
care among the mixed group at postintervention.

Conclusions: This review shows neonatal or other maternal outcomes are similar between Internet-based self-monitoring

interventions and usual diabetes care among perinatal diabetic women. Thelong-term effects of theintervention must be confirmed
in future studies using randomized controlled trials and follow-up data.

(J Med Internet Res 2016;18(8):€220) doi:10.2196/jmir.6153
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Introduction

Diabetes mellitus (DM) is one of the most common
complications of pregnancy; preexisting diabetes mellitus (type
1 or type 2) and gestational diabetes mellitus (GDM) affect
approximately 2.5% to 2.7% and 4.6% to 8.0% of all pregnant
women, respectively [1]. Both GDM and preexisting diabetes
are associated with increased medical costs and perinatal
morbidity [1]. Existing interventions must be improved
considering the increasing globa incidence of diabetic
pregnancy with serious perinatal outcomes[2]. Self-monitoring
intervention is important in reducing maternal and neonatal
complications related to diabetic pregnancies, both in cases of
preexisting diabetes [3] and GDM [4]. Self-monitoring refers
to systemati c observation and recording of ongoing goal-directed
activities[5] based on self-regulation theory [6]. Self-regulation
involves self-awareness of the current condition of anindividual
[7]. Awareness could trigger a self-evaluation response
involving the interpretation of one’'s condition against agoal or
standard; after self-evaluation, a series of responses could be
determined through self-adjustment and self-reinforcement
[1,6]. Self-monitoring capitalizes on this motivation to achieve
glycemic control [8], improve weight management [9], and
reduce hospitalization and readmission rates [10].

Self-monitoring using the Internet offers new opportunities to
engage participantsin self-management. A previous study [11]
suggested that self-monitoring using I nternet-based interventions
and face-to-faceinterventions elicited similar outcomes among
the patients. Development of Internet-based interventions by
using theory-based methods could promote substantial changes
in the health behavior of a patient [12]. The Internet offers a
diverse range of strategies for exchanging information and
gaining knowledge [13] and thus can provide interactive ways
to integrate communication with sensor-based systems
(glucometer and pedometer) for transmitting information to a
device or computer [14,15]. Sensors are used to record and
transmit data to a computer, which then transmits the data to
the provider and provides personalized/tail ored feedback to the
individual [14,15] regarding self-monitoring compliance with
treatments and self-adjustment to diet, activity, and weight
management.

Internet-based interventions employ a tracking system to
improve self-reinforcement by using reminders (cuesto action)
[16], alerts[14], or graphic progress[17] through text messages
(short message service, SMS) and email. Asynchronous and
synchronousinteractions generateidentical interactional benefits
[18]. Peer-support interactivity allows women to interact with
one another with apseudonym [15]; this process could empower
women to take ownership of their well-being and initiate
resolutionsfor issuesthey are encountering, thereby contributing
to a sense of increased self-efficacy among perinatal diabetic
women [19]. A longitudinal follow-up is important to test the
sustainability of self-monitoring patterns over an extended
period [20]. The advantages of using the Internet to deliver
interventionsincludelow cost, easy distribution, and convenient
delivery to multiple locations at specific times [4,21]. Internet
access is increasingly used as an educational and supportive
source of information for perinatal women [22,23].

http://www.jmir.org/2016/8/e220/

Lauetd

Internet-based interventions are rapidly developed with
increased access to instant cyber connectivity; however, the
effect of Internet-based self-monitoring on improving maternal
and neonatal outcomes among perinatal diabetic women remains
unclear.

Meta-analysis is used to document the application of
Internet-based self-monitoring interventions among genera
diabetic population [24-26]. However, only afew studies were
conducted on perinatal diabetic women. Four reviews focused
on the use of technologiesto evaluate healthy pregnant women
in terms of maternal outcomes [27], women with complicated
pregnancies in terms of cost effectiveness [28], a mixed group
of patients (with type 1 DM and GDM) in terms of
maternal-neonatal outcomes [29], and patients with GDM in
terms of maternal outcomes[30]. These studies reported mixed
results, did not include ongoing studies without outcomes[27],
lacked systematic searching strategies [28,29], and evaluated
limited studies (n=3) [30]. None of the studies focused on
Internet-based self-monitoring approaches. Hence, further
research must be performed, particularly in light of the rapid
improvements in technol ogies worldwide. Thisreview aimsto
systematically assess studies that examined Internet-based
self-monitoring interventions for improving maternal and
neonatal outcomes among perinatal diabetic women.

Methods

This study was performed in accordance with the
recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Anayses (PRISMA) statement
[31]. The protocal is registered to the PROSPERO database
(CRD42016034142).

Eligibility Criteria
The full inclusion and exclusion criteria for the systematic

review are described in Multimedia Appendix 1. Studies were
included if they met the following criteria:

Population: perinatal women aged 18 years and older with
GDM, type 1 DM, and/or type 2 DM;

Interventions. interact with perinatal diabetic women to
undertake one or more of the following components associated
with self-awareness, self-interpretation, self-adjustment, or
self-reinforcement of glycemic level, physical activities, dietary
intake, weight management, or medication adherence[7,10] by
using the Internet;

Comparison: usual diabetes care as control group;

Outcomes: primary outcomes included glycated hemoglobin
A4 (HbA ;) level, cesarean delivery, neonatal birth weight, and
neonatal hypoglycemiaat postintervention; secondary outcomes
included biological outcomes (fasting blood glucose, weight
gain, and change in body mass index [BMI] or weight),
cognitive outcomes (satisfaction rate, empowerment,
self-efficacy, or health-related quality of life), behaviora
outcomes (insulin treatment rate or compliance rate with
self-monitoring), emotional outcomes (depression or stress),
and neonatal outcomes (large for gestational age or macrosomia)
at postintervention; and
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Type of design: experimental studies that were either a
randomized controlled trial (RCT) or controlled clinical trial
(CCT). We excluded studies if they were nonexperimental,
qualitative, protocol, or conference papers regarding general
diabetic populations.

Search Strategy

The search strategy aimed to find published or unpublished
studies written in English. No restriction was applied to the
search performed from inception until February 16, 2016 inthe
following electronic databases. Cochrane Central Register of
Controlled Triads(CENTRAL), PubMed, EMBASE, Cumulative
Index to Nursing and Allied Hedlth Literature (CINAHL),
PsycINFO, Scopus, and ProQuest Dissertations and Theses.
Index and keyword termswere used (Multimedia Appendix 2).
The keywords were exploded and truncated following the syntax
rules of each database. Unpublished trials of relevance to the
review were searched from the Clinica Trias Registry
(www.clinicaltrials.gov). Unpublished data were requested if
eligible trials maximized the scope of the search. Finaly, we
searched the reference lists of the included studies and relevant
previous reviews to check for additional eligible studies.

Study Selection

Two authors (LY and TP) independently screened thetitles and
abstracts of the identified references from the literature search
to identify potentially eligible studies. The full texts of the
remaining references were evaluated. Ineligible reports were
excluded based on inclusion criteria, and the reasons for
exclusion were recorded. A third reviewer (KY) resolved
disagreements between the two reviewers regarding inclusion
of astudy.

Quality Assessment

After identifying studies that fulfilled the selection criteriaand
verifying their eligibility by reading the completed articles, the
studies were subjected to quality assessment. The quality of the
studieswasindependently judged using criteriafor determining
bias in intervention studies recommended by the Cochrane
Handbook for Systematic Reviews of Interventions [32]. The
following indicators of interna validity specific to the
methodology of RCT were collected: (1) random sequence
generation (selection bias), (2) alocation concealment (selection
bias), (3) blinding of participants and personnel (performance
bias), (4) blinding of outcome assessment (detection bias), (5)
incomplete outcome data (attrition bias), and (6) selective
reporting (reporting bias) [32]. Assessment related to risk biases
was assigned ajudgment of “low risk,” “highrisk,” or “unclear
risk” of bias. One reviewer (LY) reviewed al studies with a
subset reviewed by asecond reviewer (TP). Disagreementswere
settled through discussion or consulting athird reviewer (KY).

Data Extraction

Two of the authors (LY and TP) extracted relevant data from
al included articles. The following variables were obtained
using structured data extraction items based on setting, country,
design, population, gestation, age, intervention, control, sample
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size, outcomes, attrition, and intention-to-treat (ITT) analysis.
The details of self-monitoring interventions were extracted
based on components (glycemic, diet, weight gain control,
physical activities, or/and medication adherence), transmission
(asynchronous or asynchronous), functionality, facilities,
interactivity, provider, peer support, duration, and follow-up.
Thetwo authors(LY and TP) thoroughly reviewed the summary
tables for accuracy and relevance. When relevant data were
missing or questionablein both published and unpublished trials,
the authors were contacted for verification and to obtain
additional information. Among 59 full-text articles, 10 were
not clear because they had insufficient details (n=2) or no (n=8)
outcomes. Although 10 authors were approached, none
responded to our queries. Therefore, we excluded these 10
studiesin the review.

Statistical Analysis

RevMan software (Review Manager version 5.3 for Windows
from the Nordic Cochrane Center, the Cochrane Collaboration,
2014) was used for meta-synthesis. Risk ratio (RR) was used
as the effect measure for dichotomous outcome with
Mantel-Haenszel method. Mean difference was used for
continuous outcomes with inverse-variance method.
Heterogeneity between studies was evaluated using Cochran Q
(chi-squaretest) and |2 statistics. The statistical significance for
heterogeneity using the chi-square test was set as P<.10. The
12 statistic was applied to describe total variations in study
estimates because of heterogeneity. Heterogeneity degree was
estimated using 12 by setting 0%, 25%, 50%, or 75% for no,
low, moderate, and high heterogeneity, respectively [33]. The
fixed-effect model was used in cases without significant
heterogeneity (P>.10), and the DerSimonian and Laird
random-effects model was used in cases with heterogeneity
among the studies (P<.10) and 1% values of morethan 50% [33].
Subgroup analysis was performed to explore the source of
heterogeneity, and the predefined subgroup wasthetype of DM.

Results

Figure 1 shows the selection process (PRISMA flow diagram).
A tota of 438 studies were identified from the initial database
search and reference lists. Of these studies, 37 articles were
curated using Endnote to remove duplicates. Subsequently, 401
studies were included for screening and 332 articles were
excluded based on analysis of text wordsin titles and abstracts.
Inall, 69 full-text articleswere retrieved, reviewed, and selected
based on relevance and quality for eligibility. Of these, 59
articles were excluded because of the following:
nonexperimental nature; type of protocol; nondiabetic perinatal
women as subject; not using Internet approach; lack of
self-monitoring component; reported qualitative, unclear,
insufficient, or no outcomes; and Internet approach employed
on diabetes screening, reminder, data collection. Finaly, nine
studies from 10 publications were identified for inclusion in
this systematic review.
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Study Char acteristics

This meta-analysis included nine studies with 852 participants
conducted across four countries (Table 1), which included the
United States (n = 5) [15,16,34-36], Spain (n=2) [14,37,38],
Italy (n=1) [39], and Ireland (n=1) [40]. All these studies were
published articles. Research was conducted between 2007 [36]
and 2015 [16]; 2015 had the highest number of publications
(n=3) [14,16,40]. Seven of the studies used RCT designs and
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=
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v e Non experimental studies (n=8)
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—

two used CCT designs [14,39]. The target populations were
perinatal women with GDM or impaired glucose tolerance (n=5)
[15,35,36], mixed group (n=4) [14,16,39], type 1 DM (n=0),
and type 2 DM (n=0). The sample sizes varied among the nine
studies and ranged from 19 [41] to 235 [39]. Nine studies
reported more than one outcome. Attrition rates ranged from
2% [14,37,38] to 32% [16]. None of the studies used ITT
analysis, and eight studies were supported by grants.

JMed Internet Res 2016 | vol. 18 | iss. 8 [€220 | p.80
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Laueta
Table 1. Characteristics of the nine selected studies (10 publications).?
Author, year  Setting/Country Design Popul ation/gesta- Intervention N Duras Outcomes Attrition
[ref] tion/age, mean (SD) tion rate, %
(weeks)
Bartholomew  Antenatal clinic RCT GDM or type2 DM;  Mobile phone, In-  1: 50; 3 Fasting and 2-hour post- 1: 20;
et a 2015 inHawaii, USA <30 w; 33.2(5.4) ternet technology - 5o prandia blood compli- . 3o
[16]° (CIT) ance rate with SMBG;
satisfaction rate
Carrd et a GDM unitin CCT GDM, typelor 2 Web-based I: 40; — HbA ¢ (%); weight gain; 1: 5;
2015 [14]b Cadiz, Spain DM; <30 w; 33.8 telemedicinesys . g4 cesarean delivery rate; C 14
(4.6) tem insulin treatment rate;
neonatal birth weight;
large for gestational age;
neonatal hypoglycemia
Dalfraet a 12 Diabetes CCT GDM ortypeldiaa  Telemedicinewith 1:105; 10 HbA 1. (%); weight gain; Total: 15;
2009 [39] clinicsin Italy betes; <30 w; 33.8 Glucobeep server C:130 cesarean delivery rate; li—:
(4.6) insulin treatment rate; .
neonatal birth weight; ’
macrosomia; SF36; CES-
D; DSS; DHDS
Giveneta 2 Diabetesclin- RCT GDM or IGT; 24-28  Web-based I: 24; 12 HbA ¢ (%); cesareande- 1: 12.5;
2015 [40]b icsinIreland w; 1:33.5(4.2), C: telemedicinesys- . 2g livery rate; insulin treat-  C:15.4
30.1(55) tem ment rate; neonatal birth
weight; macrosomia;
neonatal hypoglycemig;
satisfaction rate
Homkoetal  Antenata clinic RCT GDM; <33 w; 18-45,  Internet-based I: 34; — HbA ¢ (%); FBS 158,
2007 [36]b or one of its 1:20.8(6.6), C: 29.2 telemedicinesys: . o5 (mg/dL); cesarean deliv- C:13.8
satellitesin (67) tem usi ng ITSMy- ery rate; DES; neonatal
Philadelphia, Hedlthfileand Las- birth weight; large for
PA soweb data engine gestational age; neonatal
hypoglycemia
Homkoeta  Antenata clin- RCT GDM; <33 w; 18-45, Internet-based I: 40; — FBS (mg/dL); cesarean  I: 10;
2012 [35]° ics(2)in 1:30.3(6.0), C: 30.0 telemedicinesys (- 40 delivery rate; neonatal . g
Philadelphia, (7.5) temwith automatic birth weight; large for
PA telephone option gestational age; neonatal
hypoglycemia
Kimetd University RCT GDM within 3years, Web-based pe- 1:28; 13 Changein weight; 1: 9.5,
2012 15]b heglth systemin >18 years (—) dometer program . o1 _change in_BM I;change 179
Michigan in self-efficacy for
weight and activity
Nicklasetal  Hospital in RCT GDM; postnatal; 18-  Web-based I: 36; 24-40 Changein weight; 1:8.3;
2014 [34]b Boston, MA 45 (—) It?festyle interven- . 39 changein BMI C:10.3
ion
Pérez-Ferreet  Diabetesunitof RCT GDM; <28 w; I: 33.3 Web-based I: 50; 12 HbA 1 (%); weight; I:2.0;
a 2010a,b a hospital in (5.6), C:34.2 (5.2) telemedicine Sys- C: 50 Weight gai n;cesareande- C: 4.0
[37,38]° Madrid, Spain tem livery rate; neonatal birth
weight; large for gesta-
tional age; neonatal hypo-
glycemia
aAll studies had ausual treatment control group and none used | TT. —: Information not mentioned in article; BMI: body massindex; C: control group;

CCT: controlled clinical trial; CES-D: Center for Epidemiologic Studies Depression Scale; DES: Diabetes Empowerment Scale; DHDS: Diabetes Health
Distress Scale; DSS: Diabetes-related Stress Scale; FBS: fasting blood sugar; GDM: gestational diabetes mellitus; HbA 1: glycated hemoglobin Aq¢;
I: intervention group; IGT: impaired glucose tolerance; ITT: intention-to-treat analyses, OGTT: Oral Glucose Tolerance Test; RCT: randomized
controlled trial; SF36: SF-36 Health Survey; SMBG: self-monitoring of blood glucose.

b These studies had grant support.

Study Quality

The summary of risk of bias is presented in Figure 2, and the
risk of bias graph is shown in Multimedia Appendix 3. Seven
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of nine studies had adequate sequence generation for
randomization. Two studies [16,34] had adequate allocation

concealment. None of the studies implemented blinding of

participants. Three studies[15,34,37,38] implemented blinding
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of outcome assessment. All studies addressed low-risk bias
concerning incomplete outcome data. Eight had low-risk bias

Figure 2. Risk of bias summary.
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for selective reporting.
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Description of Internet-Based Self-Monitoring
I nterventions

Detailed elements of the Internet-based self-monitoring
interventions are presented in Multimedia Appendix 4. The
components of the self-monitoring interventions included
glycemic control (n=8), diet control (n=7), physical activities
(n=5), weight control (n=3) [15,34,39], and medication
adherence (n=7). Functionalities of the interventions included
system aert and reminder (n=4) [14,16,35,40], graphical
progress (n=2) [15,37,38], and uploading, entering, and tracking
owninformation (n= 3) [16,34,36] using website (n= 9), phone
(n=7), SMStext message (n = 5), email (n = 6), and animated
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video (n = 1) [34] that integrated communication with

glucometer (n = 4) and pedometer (n = 1) [15]. The majority
of the interventions used asynchronous communication (n=6),
and three used synchronous communication [15,39,40] through
two-way (n=9) feedback communication. The providers of the
intervention were physicians (n = 7), nurses (n = 4), dietitians
(n=1) [34], telemedicine service provider (n=1) [40], and study
staff (n = 1) [15]. Only one intervention consisted of peer
support using an online forum [15]. The duration of the
intervention varied among the nine studies and ranged from 3
weeks [16] to 40 weeks [34]. Three of the studies [14,16,34]
had follow-up after intervention. None of the studies reported
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using theoretical or conceptual framework to design their
interventions.

Efficacy of Internet-Based Self-Monitoring

I nterventions on Maternal Outcomes

Five studies[14,36-39,40] assessed the efficacy of interventions
among 508 perinatal women by using HbA,. levels as the
outcome. The meta-analysis revealed that the intervention
significantly improved HbA . levels (mean difference -0.12,
95% CI -0.22 to —0.02), as determined using inverse-variance
method and fixed-effects model (12=0%, P=.69; Figure 3). A
nonsignificant P valuefor the Cochran Q statistic indicated that
the selected studies were homogeneous. The overall effect of
intervention on HbA ;. was significant (z=2.39, P=.02). Subgroup
analyses were performed to compare the effects of the
interventions on HbA ;. between the GDM (n = 3) [36-38,40]

Lauetd

and mixed groups (n = 2) [14,39]. However, no significant
effect was found for subgroup differences (P=.73).

Six studies [14,35-39,40] assessed cesarean delivery rate as
outcomes of interventions among 526 perinatal women, and the

meta-analysis showed low heterogeneity (1>= 20%, P=.28)
(Figure 4). Moreover, the interventions did not significantly
improve cesarean delivery rate for overal effect (RR=0.84,
95% CI 0.68-1.05; z=1.55, P=.12). Two subgroup analyses
using the Mantel-Haenszel method and fixed-effects model
revedled that the interventions significantly decreased the
cesarean delivery rate among the mixed group (RR=0.73,
z=2.23, P=.03) in two studies [14,39], but had no effect among
the GDM group (RR=1.05, z=0.30, P=.77) in four studies
[35-38,40]. No significant subgroup differences were found
(P=.10). None and low heterogeneity were found between

subgroups of women with GDM (1%= 0%, P=.97) and the mixed
group (1= 23%, P=.27).

Figure 3. Forest plot of mean difference (95% CI) in change of HbA 1c (%) for the Internet-based self-monitoring intervention and control groups. 1V:

inverse variance.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.1.1 GDM
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Heterageneity: Chi*=0.02, df=2 (P =089), F=0%
Testfor overall effect: Z=1.24 (P=0.21)
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Carral etal. 2015 56 06 40 56 05 G4 196% 000[-0.22 022] .
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Testfor overall effect: Z=2.07 (P=0.04)
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Heterogeneity, Chi*= 2.23, df= 4 (P = 0.63); F= 0% 5_2 51 ) 15 21

Testfor overall effect: Z=2.39 (P =0.02)
Testfor subagroup differences: Chif=012,df=1{P=073 F=0%

Experimental Control

Figure 4. Forest plot of risk ratio in change of cesarean delivery rate for the Internet-based self-monitoring intervention and control groups.

Experimental Control

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 GDM

Given et al. 2015 10 21 10 26 8.0% 1.24 [0.64, 2.40] —
Homko et al. 2007 22 32 10 25 Not estimable
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Pérez-Ferre etal. 2010 a.b 17 49 12 48 10.8% 1.39 [0.74, 2.59] —_1T
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Total events 40 41

Heterogeneity: Chi* = 2.60, df = 2 (P = 0.27); I’ = 23%

Test for overall effect: Z = 0.30 (P = 0.77)

1.2.2 Mixed Group

Carral et al. 2015 12 40 26 64 17.8% 0.74 [0.42, 1.29] —

Dalfra et al. 2009 34 88 61 115 47.1% 0.73 [0.53, 1.00]) —

Subtotal (95% CI) 128 179 65.0% 0.73 [0.56, 0.96] .

Total events 46 87

Heterogeneity: Chi* = 0.00, df = 1 (P = 0.97); I’ = 0%

Test for overall effect: Z = 2.23 (P = 0.03)

Total (95% CI) 234 292 100.0% 0.84 [0.68, 1.05] e

Total events 86 128
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Test for subgroup differences: Chi* = 2.63, df = 1 (P = 0.10), I’ = 62.0%

http://www.jmir.org/2016/8/e220/

RenderX

JMed Internet Res 2016 | vol. 18 | iss. 8 [€220 | p.83
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Efficacy of Internet-Based Self-Monitoring
I nterventions on Neonatal Outcomes

Figure 5 shows the pooled meta-analysis results of six articles
that determined the effect of interventions on neonatal body
weight among 582 perinatal women. The meta-analysis showed

low to moderate heterogeneity (1>= 41%, P=.13). Four studies
[35-38,40] of GDM group and two studies [14,39] of mixed
group revealed similar neonatal weight (mean difference=27.30,
z=0.62, P=.54) between the Internet-based self-monitoring
intervention and control groups. Two subgroup analyses were
performed and no significant differences were found between
intervention and control groups either inthe GDM group (mean
difference=92.21, z=1.47, P=.14) or the mixed group (mean
difference=—36.42, z=0.59, P=.56). The heterogeneity of GDM
group (1=39%, P=0.18) and mixed group (1?=30%, P=.23)
ranged from low to moderate. Thetest for subgroup differences
was not significant (P=.14).

Figure 6 shows the pooled meta-analysis results of five studies
on neonatal hypoglycemiaamong 379 women. Theintervention
group demonstrated no significant difference on the overall
effect (RR=1.09, z=0.24, P=.81) compared with the control
group, as assessed using the Mantel-Haenszel method and
fixed-effects model. No heterogeneity was found in the mixed
group (1= 0%, P=.85) and overall result (1%= 0%, P=.93). The
result of subgroup analysis was not different (P=.79) between
the mixed and GDM groups.
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Table 2 summarizesthe efficacy of theintervention on maternal
outcomes including fasting blood sugar [35,36], weight gain
[14,37,38], changesin BMI and weight [ 15,34], insulin treatment
rate [14,37,38], satisfaction rate [16,40], compliance rate with
self-monitoring of blood glucose[16], health-related quality of
life[39], depressive symptoms[39], diabetic-related stress[39],
diabetes health distress [39], diabetes empowerment [36], and
change in self-efficacy for weight and activity [15], as well as
neonatal outcomesincluding largefor gestational age[14,35-38]
and macrosomia [39,40]. The outcomes were not significantly
different between intervention and control groups. Although
the effects of diabetes-related stress and diabetes empowerment
significantly differed in the Diabetes-related Stress Scale scores
(P=.02) [39] and Diabetes Empowerment Scal e scores (P=.003)
[36], the findings of the single study could not contribute

sufficient evidence to draw conclusions. The heterogeneity (1?)
ranged from 0% in the pooled meta-analysis of three studieson
weight gain [14,37,38] to 95% from the pooled meta-analysis
of two studies on satisfaction rate [16,40] by using fixed- and
random-effect models, respectively. Although we identified

substantial heterogeneity (12>50%), we encountered difficulty
in investigating the result by using subgroup and sensitivity
analyses for the two to three studies that indicated changes in
BMI or weight [15,34], insulin treatment rate [14,37-39], and
satisfaction rate [16,40].

Figure5. Forest plot of mean difference (95% CI) in change of neonatal body weight (grams) for the Internet-based self-monitoring intervention and

control groups. IV: inverse variance.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
2.10.1 GDM
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Test for overall effect: Z = 1.47 (P = 0.14)
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Carral et al. 2015 3,077 570 40 3,213 411 64 18.0% -136.00([-339.33,67.33] ——
Dalfra et al. 2009 3,268 531 88 3,249 566 115 32.4% 19.00(-132.69, 170.69] r
Subtotal (95% CI) 128 179 50.5% -36.42 [-158.00, 85.16]
Heterogeneity: Chi* = 1.43, df = 1 (P = 0.23); I = 30%
Test for overall effect: Z = 0.59 (P = 0.56)
Total (95% CI) 266 316 100.0% 27.30 [-59.07, 113.67] ?
Heterogeneity: Chi* = 8.45, df:FS (P= OjB]' I° = 41% ho 250 & 2%0 S60
Test for overall effect: Z = 0.62 (P = 0.54) Experimental Control
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Figure 6. Forest plot of risk ratio for change in neonatal hypoglycemia rate for the Internet-based self-monitoring intervention and control groups.

Experimental

Control

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

2.11.1 GDM

Given et al. 2015 4 21 6 26 39.6% 0.83[0.27, 2.55]

Homko et al. 2007 4 32 2 25 16.6% 1.56 [0.31, 7.85]

Homko et al. 2012 4 36 4 38 28.7% 1.06 [0.29, 3.91)

Pérez-Ferre etal. 2010 a,b 1 49 0 48 3.7% 2.94(0.12, 70.43]

Subtotal (95% CI) 138 137 B88.6% 1.13 [0.55, 2.33]

Total events 13 12

Heterogeneity: Chi* = 0.81, df = 3 (P = 0.85); I’ = 0%

Test for overall effect: Z = 0.32 (P = 0.75)

2.11.2 Mixed group

Carral et al. 2015 1 40 2 64 11.4% 0.80 [0.07, 8.54] .

Subtotal (95% CI) 40 64 11.4%  0.80 [0.07, 8.54] ——oniii——

Total events 1 2

Heterogeneity: Not applicable

Test for overall effect: Z = 0.18 (P = 0.85)

Total (95% CI) 178 201 100.0% 1.09 [0.54, 2.18] <P

Total events 14 14

Heterogeneity: Chi* = 0.87, df = 4 (P = 0.93); I’ = 0% ) } } |

Test for overall eﬁegt. Z=10.24 lF_“= 0.81) ) O.OS:pe?i.r}wentallCOntriP 20

Test for subgroup differences: Chi* = 0.07, df = 1 (P = 0.79), I’ = 0%

Table 2. Efficacy of Internet-based self-monitoring interventions on other maternal and neonatal outcomes.?
Outcomes Studiesincluded, n  rRY/MDE (95% CI) Overall effect Heterogeneity Model
z P |2 P

Maternal outcomes
Fasting blood sugar 2[35,36] —0.66° (—4.28, 2.96) 0.36 72 44% 72 Fixed
Weight gain 3[14,37,38] —0.48° (—1.44, 0.47) 0.99 .32 0% .98 Fixed
Changein BMI 2[15,34] -0.91° (-1.91, -0.09) 177 .08 64% .09 Random
Change inwei ght 2 [15,34] 253 (_5_10 _0_04) 193 .05 65% .09 Random
Insulin treatment rate 3[14,37-39] 1.06° (0.56, 2.02) 0.19 .85 71% .03 Random
Satisfaction rate 2[16,40] 1.75P (0.40, 7.58) 0.74 46 95% <.001 Random
Complianceratewith self-monitor- 1 [16] 1.02° (0.87, 1.20) 0.24 81
ing of blood glucose
SF-36 Physical component 1[39] —2.2°(~4.50, 0.10) 1.88 .06 NA NA NA
SF-36 Mental component 1[39] 2.10° (0.75, 4.95) 144 15 NA NA NA
CESD 1[39] 1.50° (—1.35, 4.35) 1.03 .30 NA NA NA
DSS 1[39] 4.10°(0.75, 7.45) 240 .02 NA NA NA
DHDS 1[39] 4.90° (-0.20, 10.00) 1.88 .06 NA NA NA
DES 1[36] 0.40¢ (0.14, 0.66) 3.00 .003 NA NA NA
Changein self-efficacy for wei gh'[ 1 [15] 2.79¢ (-2.57, 8.15) 1.02 31 NA NA NA
Changein self-efficacy for activity 1 [15] —1.40° (-5.02, 2.22) 0.76 45 NA NA NA
Neonatal outcomes
Large for gestational age 4]14,35,36,37,38] 1.39P (0.81, 2.40) 1.19 .23 0% .68 Fixed
Macrosomia 2[39,40] 1.46 (0.27, 7.98) 0.44 .66 69% .07 Random

8CES-D: The Center for Epidemiologic Studies Depression Scale; DES: Diabetes Empowerment Scale; DHDS, Diabetes Health Distress Scale; DSS,
Diabetes-related Stress Scale; SF36: SF-36 Health Survey. NA: not applicable.

bRR: risk rati

0.

¢ MD: mean difference.
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Discussion

Thismeta-anaysisincludes datafrom nine experimental studies,
which included 852 women from four countries. The results
revealed that the Internet-based self-monitoring interventions
significantly decreased maternal HbA . levels compared with
usual care among perinatal diabetic women at postintervention.
Internet-based self-monitoring interventions significantly
decreased the cesarean delivery rate compared to usua care
among the mixed group at postintervention.

Internet-Based Self-Monitoring I nterventions

The major components of the interventions included
self-monitoring glycemic control, medication adherence,
physical activity, and diet control. Most of the interventions
used websites, phone devices, and/or a glucometer through an
asynchronous two-way feedback system. None of the selected
studies devel oped interventions by using theoretical frameworks.
Nevertheless, the hypothesized mechanism of action of the
interventions should be described according to the Template
for Intervention Description and Replication checklist and guide
[42]. Theory can explain the rational e of the elements essential
to theintervention and how theintervention really worked [43].
Theory can inform interventions in different ways, from
identifying theoretical constructsto be targeted or mechanisms
underlying particular behavior change techniques to selecting
for women the approach that could most likely benefit them
toward the right direction [12]. However, the sustainability of
the positive findings from these studiesis questionabl e because
only threeinterventions[14,16,34] had follow-up mechanisms.
Evidence demonstrated a gradual decline in adherence to
self-monitoring of diet, exercise, medication adherence, and
weight management [20]. Thus, future studies need to report
thelong-term effects of the intervention over an extended period.
Only one study used a peer-support approach that provided
diabetic women with opportunities to discuss problems with
others experiencing the sameissues[15]; thislimitation suggests
further research is warranted to determine whether peer-based
online forums are effective in improving neonatal or maternal
outcomes [19].

Quiality of the Evidence and Potential Biases

A high range of heterogeneity occurred between none (0%) to
high (95%). The overall methodological quality of the studies
included in the review was mixed and 78% (7/9) of the studies
used methods to randomly assign women to either the
intervention or the usual-care group using methods that we
judged were at low risk of bias. This result was due to our
selection criteriafor either RCTs or CCTs. Thus, the mgjority
prevented selection bias and insured against accidental bias.
Only 22% (2/9) of the studies achieved adequate allocation
concealment. Therefore, participants or providers could possibly
foresee assignments to introduce selection bias. A potentialy
important source of biasin this meta-analysis was that none of
the studies (0/9) achieved blinding of participants and personnel.
Support intervention studies face considerable difficulties in
blinding providers and women to an | nternet-based group. Thus,
all women would have performance bias. Only 33% (3/9) of
the studies achieved an effective blinding of outcomes, perhaps

http://www.jmir.org/2016/8/e220/
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owing primarily to the nature of the interventions. Even during
an attempt made to blind outcome assessment, a high risk of
response bias remained possible for outcomes relying on
self-report and objective outcomes. Hence, the mgority of
women might harbor favorable expectation or increased
apprehension in the Internet-based group or they might feel
deprived or relieved in the usual-care group. The overall impact
of sampleattrition had alow-risk biasin al studies (9/9), which
could improve the generalizability of findings and reduce
attrition bias. Approximately 90% (8/9) of the studies reported
primary and secondary outcomes that were reported in
prespecified methods. Consequently, the selected studies did
not obtain misleading results. None of the studies used ITT
analysis, which is a method designed to solve problems of
noncompliance and missing outcomes to maintain prognostic
balance generated from the original random treatment allocation
[44]. Therefore, al trials indicated overoptimistic estimates of
the efficacy of the intervention on outcomes [44].

Glycated Hemoglobin Alc

The results of this meta-analysis suggest that Internet-based
self-monitoring interventions dicit significant effects on helping
perinatal diabetic women to reduce their HbA ;. levels, which
is consistent with the previous meta-analytic review among
adultswith type2 DM [24,25]. A previousreview identified 11
studiesthat analyzed HbA ;. level sand found that eight of these
studies demonstrated a small significant decline in HbA

because of substantial heterogeneity (1= 58%) in the effect
interventions [24]. Although our review had no heterogeneity

(1= 0%) in the five identified studies, the small effect might
be explained by different intensities of in-person contact
between theintervention and control groups. Wefound the same
in-person follow-up interval in both groups of two studies
[36-38], but different intervals between the intervention and
control group were indicated in three other studies [14,39,40].
A previousreview [24] suggested that the intensity of in-person
contact between consultation visits might relate to the efficacy
of an Internet-based approach. We could not find the significant
effect among subgroups of GDM [36-38,40] because of the
small sample size, which had lower statistical power to select
the true effect [45].

According to self-regulation theory [6], perinatal diabetic
women could review their own data to obtain better
understanding of their medical condition for self-awareness.
The Internet could provide increased ease and convenience of
self-monitoring because processing power and connectivity
could allow remote access to information, and algorithms can
target most of the components of existing face-to-face
interventions [13]. Two-way personalized/tailored feedback
with recommendations via email, online, or text message
[14,36-39,40] helped gain diabetic knowledge and information
for self-adjustment of glycemic control [14,36-39,40], diet
control [14,36-39,40], appropriate activities control [36,39],
weight gain control [39], and medication adherence control
[14,36-39,40]. Sending automated alerts and reminders[14,40],
voice messages [39], and visualizing data using graphs[37,38]
encouraged engagement to the intervention to reinforce
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self-monitoring. Therefore, perinatal diabetic women capitalized
on this motivation to improve HbA ;. levels.

Cesarean Delivery Rate

Internet-based self-monitoring interventions were found to
significantly decrease the cesarean delivery rate for a pool of
307 women in the mixed group [14,39], but no significant
difference was found for a pool of 219 women with GDM
[35-38,40]. Theresults of the meta-analysis are consistent with
aprevious meta-anal ytic review among women with GDM [30].
The study reported nonstatistically significant differenceswere
found in cesarean delivery rates between telemedicine and a
usua-care group; however, cesarean delivery rate anaysis
included only three studies [35,36,38]. This anaysis includes
an additional three studies [14,39,40]. The reason behind the
significant decrease in the cesarean delivery rate in the mixed
group but not in the GDM group remains unclear. Small sample
size possibly underpowered the detection of any difference in
cesarean delivery rate [45] among the GDM group, which
suggests additional research is needed.

Other Maternal and Neonatal Outcomes

Thisreview showed similar neonatal or other maternal outcomes
between the Internet-based self-monitoring interventions and
usua diabetescare. However, the question remains asto whether
Internet-based interventions may offer cost-effective service
compared to usual care [28]. Interventions delivered over the
Internet arelikely to cost lessthan face-to-face servicesrequiring
frequent contact with health care personnel, and their relatively
low delivery cost could result in an Internet-based intervention
being more cost effective [4,26]. Currently, adearth of evidence
was detected regarding the effects of intervention on cognitive,
behavioral, and emotional outcomes among perinatal diabetic
women. Despite the identified nine individual cognitive,
behavioral, and emotional outcomes in this review, evidence
was too limited to draw any conclusion. Thus, additional good
quality trialsin thisareaare needed before firm conclusions can
be made regarding the efficacy of Internet-based self-monitoring
interventions on cognitive, behavioral, and emotional outcomes.

Limitations

This review has several limitations. First, this review included
only studies published in English, al of which were conducted
in devel oped regions with high access to the Internet or mobile
devices. Therefore, the results may not be applicable to
marginalized groups in developing regions. Second, the
subgroup analyses we performed prevented drawing definitive
conclusions on the efficacy of Internet-based self-monitoring
interventions. Subgroup analyses may pose significant
interpretation problems, such as false positive or false negative
outcomes [46,47]. The false positive outcomes were found for
subgroup analyses when no true outcome exists, and have been
estimated at 5% per subgroup [46,47]. The fase negative
outcomes were found because of the small number of outcome
events in each subgroup. Therefore, limited statistical power
minimized the random error among the estimates of event rates.
Third, the small samplesizeisanother limitation given that five
of them used a small sample size from 49 [15] to 50 [40], and
we found a lack of studies with type 1 or type 2 DM during
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pregnancy. Fourth, HbA . is known to be a 3-month mean
measure of glycemic control, but the duration of intervention
was not mentioned [14,36] or was less than 3 months [39] in
three selected trials. Therefore, the validity of this measure as
an outcome at postintervention might be questionable. Fifth, a
nonsignificant effect was found in the GDM subgroup, but a
significant effect was detected in the mixed group; thus, the
effect of the type of diabetes rather than the true intervention
effect was contentious. Finally, two studies [14,39] had CCT
designswith insufficient control of extraneous variables, which
diminished the internal validity of their findings.

Implicationsfor Future Research

Continuing research in this area is needed to develop effective
I nternet-based self-monitoring i nterventionsto improve maternal
and neonatal outcomes. Future studies should consider the
theoretical base of the interventions [12] with a peer-support
component [19] and long-term follow-up [20] to improve the
efficacy and sustainability using aRCT designwith ITT analyses
[44]. However, determining the effective elements of
Internet-based application is necessary. Further investigations
are needed to divide these applicationsinto specific components,
features, transmission, functionality, facilities, interactivity,
duration, and mode of delivery to differentiate the distinct effects
of different functions [12]. This requirement is especialy true
in view of the lack of current research that explores the
mechanism of effective interventions in different types of
perinatal DM.

Clinical Implications

Internet-based self-monitoring interventions may function as
important extensions of the range of services to enhance the
access of diabetic women to support with self-monitoring
especialy between consultation visits. Based on the findings
of this study, websites that integrate communication with
sensor-based systems and atracing system should be considered
high priority in designing self-monitoring interventions to
improve maternal glycemic control and cesarean delivery rates.
The ubiquity of the Internet facilitates dissemination of
information and support to a broader audience and alows
information and support to be tailored according to individual
characteristics and experiences [26]. Perinatal diabetic women
could access and review content at any time and place.
Multimedia features and interactivity could accommodate
different learning styles [48]. Data visualization capabilities
and cloud computing offer accessible display of outcome
information, flexible dissemination channel swithin and between
service settings, and ready access to collaborative
communication and shared resources for perinatal women and
health care providers [13]. Furthermore, gaming technology,
Bluetooth technol ogy, interactive voi ce response, virtual reality,
Facebook presence, as well as blogs and Global Positioning
System navigation systems are another advancing wave of
technological development that might potentially help map out
new avenues to promote and support Internet-based
self-monitoring among perinatal diabetic women.
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Conclusion cesarean delivery ratesto perinatal diabetic women. Despite the

The rising popularity of the Internet might result in ashift from  limitations of this review and analysis, our findings have
the traditional model of care toward an Internet-based health 'dentified a need for future research to employ RCT designs
model. Internet-based self-monitoring interventions may with follow-up data to confirm the long-term effects of

introduce new approaches of improving maternal HbA ;. and Internet-based self-monitori ng interv_entio_ns on maternal and
neonatal outcomes among perinatal diabetic women.
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Abstract

Background: Low- and middle-income countries (LMICs) face the highest burden of maternal and neonatal deaths. Concurrently,
they have the lowest number of physicians. Innovative methods such as the exchange of health-related information using maobile
devices (mHealth) may support health care workersin the provision of antenatal, delivery, and postnatal care to improve maternal
and neonatal outcomesin LMICs.

Objective: We conducted asystematic review eval uating the effectiveness of mHealth interventionstargeting health care workers
to improve maternal and neonatal outcomesin LMIC.

Methods: The Cochrane Library, PubMed, EMBASE, Global Health Library, and Popline were searched using predetermined
search and indexing terms. Quality assessment was performed using an adapted Cochrane Risk of Bias Tool. A strength, weakness,
opportunity, and threat analysis was performed for each included paper.

Results. A tota of 19 studies were included for this systematic review, 10 intervention and 9 descriptive studies. mHealth
i nterventions were used as communi cation, data collection, or educational tool by health care providers primarily at the community
level in the provision of antenatal, delivery, and postnatal care. Interventions were used to track pregnant women to improve
antenatal and delivery care, aswell asfacilitate referrals. None of the studies directly assessed the effect of mHealth on maternal
and neonatal mortality. Challenges of mHealth interventionsto assist health care workers consisted mainly of technical problems,
such as mobile network coverage, internet access, electricity access, and maintenance of mobile phones.
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Conclusions: mHealth interventions targeting health care workers have the potential to improve maternal and neonatal health
servicesin LMICs. However, thereisagap in the knowledge whether mHealth interventions directly affect maternal and neonatal
outcomes and future research should employ experimental designs with relevant outcome measures to address this gap.

(J Med Internet Res 2016;18(8):€226) doi:10.2196/jmir.5533

KEYWORDS

maternal; mHealth; neonatal; providers of care; low- and middle-income countries

Introduction

The risk for maternal or newborn death is considerably higher
in low- and middle-income countries (LMICs) as compared
with high-income countries. Despite progresswith global decline
in maternal mortality, many LMICs still have high maternal
mortality rates[1] in particular in LMICsin sub-Saharan Africa
and Asia, where the majority of maternal deaths occur [2].
Between 1990 and 2010, globally the under-five mortality rate
was reduced by only 28% instead of the targeted 67% [3,4].
Neonatal mortality rate counts toward 41% of the tota
under-five mortality rate and playsanimportant rolein the slow
reduction of under-five mortality rate.

High neonatal mortality rate particularly persistsin LMICs[4].
Thishigh burden of maternal and neonatal deathsiscompounded
with low numbers of physiciansand midwives[4]. These human
resource challenges are worsened by factorsincluding migration
of qualified health workers to better resourced countries,
inadequate investment in national heath systems, and
devastation by major epidemics such as human
immunodeficiency virus (HIV) and acquired immune deficiency
syndrome (AIDS), and malaria [5]. Task shifting as well as
innovation in service delivery using available technology
provides a promising opportunity to improve maternal and
neonatal outcomes [6].

A potential tool to address maternal and neonatal outcome in
LMICsisprovided by the global increasein mobiletechnology.
The International Telecommunication Union reported that in
2013, global mobile-phone subscriptions reached 6.8 hillion
and that the mobile-cellular penetration rate or the number of
active mobile phone users within a specific population reached
89% in developing countries [7]. This has facilitated the
development of a new component of electronic health, namely
mobile health (mHealth). The main feature of mHealth is the
exchange of health-related information in the form of coded
data, text, images, audio, and video using mobile devices. This
technology can be used to address challenges such as access,
quality, affordability, matching of resources, and behavioral
norms [8]. mHealth can be used by health care workers in
LMICs to improve affordability of interventions for health
promotion, increase health education, and address disease
prevention [9-12]. mHealth could also play aprominent rolein
task shifting, allowing health care workers closely related to
the community, such as community health workers (CHWS),
to become an important intermediate between higher health
institutions and the community. Although the global use of
mHealth interventions is increasing, evidence of the
effectiveness of mHealth appsis mostly limited to high-income
countries, with a focus on the prevention and management of

http://www.jmir.org/2016/8/e226/

classic chronic diseases, such asdiabetesand hypertension[13].
In LMICs, mHealth interventions have been successfully
implemented for the management of HIV and tuberculosis
[14-16]. Less evidence exists on the effectiveness of mHealth
interventions aimed at health care workers providing maternal
and neonatal servicesin LMICs. Therefore, the main objective
of this study was to perform a systematic review to assess the
effectiveness of mHealth interventions aimed at health care
workers providing maternal and neonatal servicesinimproving
maternal and neonatal outcomesin LMIC.

Methods

Protocol and Registration

The current systematic review is based on the guidelines
provided by PRISMA [17] and was registered in the
PROSPERO registry for systematic reviews:
(CRD42014010292). Thisreview is part of alarger systematic
review that investigated the potential of mHealth interventions
targeting both health workers and pregnant women in LMICs
to improve maternal and neonatal outcomes.

Information Sour ces and Search

An electronic systematic literature search was conducted within
the following 5 databases: The Cochrane Library (Cochrane
Database of Systemic Reviews), PubMed or MEDLINE,
EMBASE, Global Hedth Library, and POPLINE using
predefined search terms (Title or Abstract) and indexing terms
(MeSH, Emtree) during the period of June 1, 2014, and August
31, 2014. In addition, Grey literature search was performed
between October 2014 and April 2015 because many studies
focusing on mHealth interventions are not published in
peer-reviewed journals. A list was created of organizations
working with mHealth interventions. These organizations
consisted of nongovernmental organizations, governments
agencies, and the World Health Organization working group
on mHealth (Multimedia Appendix 1). The websites of these
organizations were searched for publications fitting the
eligibility criteria. Furthermore, personal contacts (met through
working in the field or at conferences) were approached for
papers or documents to be included. Additional papers were
found via the snowballing effect, using the reference list of
included papers.

Eligibility Criteria

Studies focusing on the domain health care workers in
combination with maternal and neonatal care in LMICs were
eligiblefor inclusion. Thelist of LMICswas created according

to the World Bank Classification [12]. The determinant mHealth
was defined as a medical and public health practice supported
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by mobile devices, such as maobile phones, tablets, and other
wireless devices [12,18,19]. It makes use of voice messaging,
short messaging service (SMS) text messaging, and apps that
can be accessed viageneral packet radio service, third and fourth
generation mobile telecommunications (3G and 4G systems),
global positioning system, and Bluetooth technology. The
outcomes were not prespecified because of the interest for any
outcome related to our domain and determinant. Keywordsused
in these searches included pregnancy, pregnant, midwife,
midwives, traditional midwives, traditional birth attendants
(TBAS), CHW, maternal, antenatal, delivery, postnatal, neonatal,
perinatal, baby, low resource setting, constrained resource,
mHealth, mobile phone, smartphone, mobile app, tablet
computer, SMS, short messaging, and telemedicine. The full
search strategy can be found in Multimedia Appendix 2.

Included papers were all peer-reviewed, written in English,
Dutch, French, German, or Spanish, and primary study papers.
Papers were excluded when they did not match the domains
and determinants, or were reports of proceedings, project
protocols, secondary analysis, animal, biomolecular, or genetic
studies. Citations of secondary analysis were reviewed for
relevant citations. Interventions relating to the termination of
pregnancy were excluded when they targeted the termination
of pregnancy before 26-week gestation, as the fetus is then not
yet regarded asviable. Interventions making use of aradio were
excluded because these interventions fell outside the scope of
our definition of mHealth.

Study Selection

The database searches were carried out by ABB and SFS.
Subsequent review of search results was undertaken by ABB,
MAC, SFS, JB, and KKG. Three reviewers (ABB, ASM, and
MV) screened the papers found in the grey literature search.
There were no disagreements on paper inclusion.

Data Extraction

Data extraction was done according to a standardized data
extraction form based on: the study, study design, location,
target population or size, form of mHealth, focus of evaluation
measure (whether maternal or neonatal), mHealth function,
relevant study findings with respect to outcome used in the
study, role of mHealth, and the strengths, weaknesses,
opportunities, and threats of the intervention.

Extraction of the datafrom database paperswasdone by asingle
reviewer (ABB) who was not blinded for journal or author
details. Lack of clarity during the extraction process was
resolved by consulting the second reviewer (MAC). Data
extraction of the grey literature was done by 4 reviewers (ABB,
ASM, MV, and MAC). In case of incomplete data, one attempt
was made to contact the corresponding author by email.

Quality Assessment

The quality of the included papers was assessed according to
an adapted Cochrane Risk of Bias Tool [20]. mHedth
interventions aswell asthe target populations differed between
the studies. Thistool was used because it gives more guidance
on detailsfor classifying therisk of bias and therefore enhances
uniformity of assessment (Multimedia Appendix 3). Bias was
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assessed on the selection process of the study population,
completeness of data (example number of dropouts), origin of
the data (measurements performed by authors or database
research), blinding of the researchers or clinicians, the presence
of aclear definition of the outcomesthat were used, and whether
confounders were taken into account in analysis. Risk of bias
was assigned as either low risk, high risk, or unclear risk. The
quality assessment tool can be found in Multimedia Appendix
3. Vdlidity of the papers was taken into account in the
Discussion section.

Synthesis of Results

Studieswere grouped into 2 types: intervention and descriptive.
Intervention studies employed more rigorous nonrandomized
study designs used for evaluating interventions [21], whereas
descriptive studies used mainly cross-sectional designs or were
case studies. Data synthesis aims to give a narrative analysis.
First, an overview of the scope of mHealth interventions is
provided. The scope of the studies consists of the year of
publication, region of theworld, form of mHealth intervention,
the mHealth function, topic addressed, and target population.

Narrative synthesis of the intervention studies are presented in
an evidence table, in which the studies are analyzed according
to their year of publication, study design, location or setting,
target population, whether eval uation measures are maternal or
neonatal, form of mHealth, mHealth functions related to data
collection, educational, and communication and finally relevant
findings. A similar evidence table was used to summarize the
findings of the descriptive studies. Heterogeneous outcomes,
settings, and varying study designs limited our ability to group
the results of 2 or more papers together to conduct a
meta-analysisfor an overall quantitative conclusion. A strengths,
weaknesses, opportunities, and threat anaysis was also
performed for al the included studies, as well as for mHealth
as an intervention.

Results

Overview of Included Studies

A total of 3725 paperswereidentified in the database and grey
literature searches. After removal of duplicates using Endnote
(version 11), 2965 articles remained and were screened by title
and abstract. Thisresulted in exclusion of 2909 articles, leaving
56 articles to screen for eligibility. Thirty-seven articles were
further excluded. Reasonsfor exclusion included unavailability
of full text (n=17), language (n=2), secondary analysis (n=8),
reports (n=7), and unavailability of records providing additional
but key information on studies (n=3). A total of 19 articleswere
included in our study, 10 intervention studies and 9 descriptive
studies. Figure 1 illustrates the study screening and selection
process, whereas Table 1 provides an overview of the scope of
mHealth interventions in the included studies. Overall, 73.7%
(14 of 19) of the studies were conducted in Africa and 26.3%
(5 of 19) in Asia. Most interventions (68.4%) used SMS text
messaging, but the form of text messaging varied between the
studies. Text messaging forms included unidirectional and
multidirectional text messages. Furthermore, 10.5% (2 of 19)
of studies combined SMS text messages with another form of

JMed Internet Res 2016 | vol. 18 | iss. 8 [e226 | p.94
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

mHealth. mHealth function aswell astarget populations differed
between the studies.

Regarding the quality of mHealth evaluations in the studies,
only one of theintervention studieswas arandomized controlled
trial (RCT) [22]. The others [23-31] had quasi-experimental
nonrandomized designs. Table 2 provides an overview of the

Table 1. Scope of studiesincluded in the review.

Amoakoh-Coleman et al

characteristics of the intervention studies, respectively by RCT
and nonrandomized controlled trial status. Study designs
reported for the descriptive studies ranged from case studiesto
cross-sectional study designs [32-40]. Table 3 provides an
overview of the characteristics of the descriptive studies and
their key findings.

Category Subcategory Intervention studies (N=10) Descriptive studies (N=9)
Number of studies % of studies Number of studies % of studies
Region Africa 8 80.0 6 66.7
Asia 2 20.0 3 333
Form of mHealth Unidirectional text messaging 3 30.0 3 333
Multidirectional text messaging 2 20.0 1 111
Multidirectional text and voicemes- 1 10.0 1 111
sages
Unidirectional text messaging and 1 10.0 1 111
Web-based technology
Mobile phone health apps or surveys 2 20.0 2 222
Mobile phone software - - 1 111
Mobile phone recording 1 10.0 - -
mHealth function Data collection 6 60.0 4 44.4
f;itﬁzlﬁglcg forme  Educationd 1 10.0 3 333
Communication or information sharing 5 50.0 2 222
Topic (certain studies  Postpartum hemorrhage 1 10.0
icé)sr)ltain multiple top- Skilled maternal and newborn care 4 40.0 2 222
Training or educating midwivesand 2 20.0 4 444
nurses
Reproductive health 1 10.0 - -
HIV and pregnancy 2 20.0 1 111
Malariain pregnancy - - 1 111
Postnatal depression - - 1 111
Infant feeding 1 10.0 - -
Target population Traditiona birth attendants 2 20.0 1 111
gﬁ:i?eizghii?;gg Health extension workers 1 10.0 1 111
Midwives 2 20.0 2 222
Health care staff 2 20.0 2 22.2
Medica students 1 10.0 - -
Community health workers 3 30.0 4 4.4
Health surveillance assistants 1 10.0 - -
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Figurel. PRISMA flow diagram of studiesincluded in this review.
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Overall Risk of Bias Assessment of | nter vention Studies

The overal risk of bias assessment is reported in Figure 2 and
Multimedia Appendix 4. All included studies provided a clear
definition of the outcomes and made use of self-measured data.
Only one study accounted for confoundersin the analysis[27],
2 studies did not [24,29], and the remaining 8 of the included
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studies did not mention whether or not this was the case
[22,23,25,26,28,30,31,40]. Most studies had ahigh risk of bias
for selection of study population, with one study with unclear
risk of bias [25]. Two studies scored a high-risk bias for
completeness of data, one study did not make use of a control
group [24], and another paper performed the study without
secondary monitoring [23].
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Figure 2. Graphical presentation of risk of bias assessment for intervention studies included in the review.
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Narrative Synthesis of Resultsof I ntervention Studies

Theintervention studies distinguish the use of mHealth directed
at health care providers for data collection, communication, or
educational purposes.

mHealth as a Data Collection Tool

Six papers described an mHealth intervention used as a data
collection tool [22-24,26-28].

Two of these studies assessed the knowledge and skill retention
of midwives and TBASs after training sessions on how to use
mobile phones as data collection tool [27,28]. Inrural Liberia,
TBAsweretrained in SM Stexting data collection protocol and
performed a 1-year posttest evaluation that showed that 63.6%
of them displayed evidence of statistically significant knowledge
and skill retention [28]. However, only 11.0% of the TBAswere
able to perform more complex tasks, such as adding credit to
the mobile phone to increase mobile phone usage time. This
task proved to be difficult due to low literacy and poor mobile
phone reception and 69.8% of TBAS relied on people with
higher education to support them with mobile functions. In rural
Liberia, traditional midwives were trained to use SMS texting
for real-time remote data coll ection using a pregnancy reporting
protocol. They showed a significant mean increase in mobile
phone knowledge and skill acquisition afterward [27].
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Inastudy conducted in Ethiopia, most health workerswere able
to use mobile phone health apps that are appropriate for their
technical needsin termsof maternal health data collection [26],
suggesting that mobile technologies allow health managers to
more quickly and reliably have access to data which can help
them identify whether and where there are issues in service
delivery. Evaluation of mobile phone use by TBAS to report
incidence, management, and outcome of postpartum
hemorrhage, showed that 90.0% of the TBAs used their mobile
phones to send SM'S text messages in the 90 days following
training and were able to use the protocols to report clinical
outcomes [23]. In 4 Chinese villages, the use of mobile phone
guestionnaire for data collection on infant feeding practiceswas
compared with a pen-and-paper method. The pen-and-paper
method was observed to be more error prone [22] as 65.0% of
the pen-and-paper records did not match and needed additional
checking. Cost-wise, however, the mobile phone method was
considerably more expensive at US $23 per questionnaire,
compared with the pen-and-paper method that cost US $13 per
guestionnaire. In a study in Myanmar, a combination of
Web-based and mobile technology was used to generate
antenatal care and expanded program on immunization visit
dates, in which the health worker was able to cross-check,
identify, and update the mother and child status at the health
facility or during homevisits[24]. Thistool improved antenatal
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care and expanded program on immunization coverage in the
study areawith lessdelay in antenatal and immunization visits.

mHealth as Communication Tool

Three studies assessed the use of mHealth interventions as a
communication tool [25,29,30]. In Malawi, it was shown that
mobile phones can be used to reduce the communication gap
between heath workers and their district teams [25]. The
intervention consisted of SMS text messages used to report
stock-outs, asking for general information, reporting
emergencies, confirming meetings, and requesting technical
support. For CHWSs in the intervention group, an average of 9
minutes and at an average cost of $0.6 to report issues and
receive feedback per contact was estimated. The most common
modes of communication among this group were phone calls
(94.4%) and SMS text messages (100.0%). Face-to-face
communication was only reported by 8.0% of the participants.
For CHWSsin the control district, 1681 minutes (28 hours) and
an average cost of US $4.6 to report and receive feedback per
contact were estimated. The most common modes of
communication amongst this group were use of face-to-face
communication with their supervisors at district level (92.0%)

http://www.jmir.org/2016/8/e226/
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and phone calls (6.0%) with none of them using SMS text
messages. The mHealth intervention was at |east 4 times cheaper
and 134 times more efficient, compared with traditional and
most common methods of walking, biking, or using public
transport to reach supervisors face to face.

SMS texting between CHWs and either ambulance, health
facility staff, district hospital, and central level, enabled an
effective and real-time 2-way communication alert system to
reduce maternal and child health deaths in Rwanda [29]. The
mHealth intervention resulted in a 20.0% increase in
facility-based delivery, from 72.0% to 92.0%. In addition,
CHWSs became more proactive in identifying pregnant women
and following up on registered pregnant women for appropriate
care, by sending reminders to their mobile phones. In a study
conducted in Zambia, SMS text messaging was used for
transmission of test results between health facilities and
caregiversto reduce the time needed for diagnosis of infant HIV
infection [31]. The mean turnaround time for delivery of atest
result to the relevant health facility decreased from 44.2 days
preimplementation to 26.7 days postimplementation. The mean
turnaround time for delivery of test results to the caregiver of
the tested child decreased from 66.8 daysto 35 days [31].
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Table 2. Characteristics of the intervention studies included in the review and the relevant findings.

Study/ (Focusof ~ Study design Target populationor ~ Form of mHealth function Relevant findings

evaluation) size (Setting) mHealth

2014, Munroetal  Nonrandomized g9 TBAS?trained; 63 Ulilizationof  Datacollection and Participants demonstrated an increase in

[28] design (preinter-  yetained 1-year post- mobile phone transmission (locating the mean number of skills that they were

(Maternal) vention and training for complete  functions, cod- - pregnant women; take  able to perform between pretest and both
postintervention a4 yation ed SMStext dataonageandreferring theimmediate posttest and 1-year posttest.
evaluation) (Rural Bongcountyin o199 them for antenatal Care) - jean number of skillsthet the participants

Liberia) were able to complete did decrease

slightly between immediate and posttest.

Individual skills verified a significant re-
tention of knowledge between the pretest
and posttest.

Many TBAs continued to have trouble
with the more complex skills of adding
credit to a mobile phone (11% was able
to do this at posttest).

70% of TBAsrelied primarily on others
with higher education to assist them with
mobile functions; 24% used their phone
to communicate with the certified mid-
wife; 14.3 % wanted to communicate, but
had poor reception.

2014, Pethfinder ~ Nonrandomized 258 participantsinan 150 cHwCijn Educationand communi-  cHwsincreased HIV® testing from 68%
(Grey Literature) design (preinter- infant feeding health 10 primary cation (ANCY protocols,  to 82%.

[0} VE;‘:; gtn e?\:]g]ti on education program - pegith clinics  and dlient follow-up)  Bjood pressure measurement increased
(Maternal) postinte (Abujaand Nasawara from 87% to 97%.
evaluati on) in Nigeria)

The quality of care scorefrom client inter-
viewsincreased from 13.33 at baseline to
17.15 at end line, with the most significant
improvementsrelated to health counseling.

Individual and group health counseling
sessions became structured.

2013, Littleetal  Nonrandomized g HEWf, 12 mid- Mobile phone Data collection (using GPR<Y connection was availablein 35
[26] design (preinter- \yjves, 5 supervisors 8PP using appropriate technologies  pegjth posts and centers (74%) of the study
(Maternal) vention and (Kilte and Awelalo opensource  tomeet needsof HEW  Gigricts.

postintervention  gigrictsin the Tigray COmMPonents  and midwives Therewere very few instances of the mo-

evaluation region of Ethiopia) bile data network being unavailable for a
substantial period of time.

34 of the 36 phones wereretained; 2 were
stolen with one later recovered; 3 phones
had issues with insensitive screens and
were replaced.

Most health workers rapidly learned how
to use and became comfortable with the
touch screen devices so only limited tech-
nical support was needed.

2012, Zhangeta Randomizedcon- 10 students of the Mobile phone Datacollection (Useof  In 120 copies of pen-and-paper question-

[22] trolled trial Hebei Union School  datacollection mobile phonesfor data  naires, 55 questionnaires contained errors.
(Maternal and of Public Health collectiononinfant feed- g5, of the pen-and-paper records did not
Neonatal) (Zhaozhou Township, m%hpractl cfes comp;red match and needed to be checked.
Hebei Province, Chi- \év;) useotpenandpa e wasno significant difference be-
na) tween duration of pen-and-paper method

versus mobile phone method.

The mean cost per questionnaire was
higher for the mobile phone questionnaire
(US $23) than for the pen-and-paper
questionnaire (US $13).

The mobile phone method was acceptable

tointerviewers, with only minor problems
that did not result in dataloss.
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Study/ (Focusof ~ Study design Target populationor ~ Form of mHealth function Relevant findings
evaluation) size (Setting) mHealth
2012, Lorietal  Nonrandomized 99 TBAs SMStextmes- Datacollection (usinga Meanincreasein mobile phoneknowledge
[27] desi gn (preinter- (Rural Liberia) saging pregnancy reporting pro-  scores was 3.67 (95% Cl 3.39-3.95).
(Maternal) ventionand - tocol) Data collectors also demonstrated asignif-
postintervention icant increase in their ability to perform
evaluation) each individual mobile phone task.
Participants with a mobile phonein the
family did significantly better on 3 of the
7 tasks in pretest.
2012, Seidenberg Nonrandomized At least 2 health SMStextmes- Data collection and Mean turnaround time for delivery of a
eta [31] design (preinter- workersfromeachfa- saging transmission (to reduce  test result to the relevant health facility
(Infant) vent_l on and _ cility the ti me between blood o] from44.2 days (SDh:zg) preimplemen-
postintervention (2 gistrictsin South- sampling for the detec-  tati0n to 26.7 days (SD:31.8) postimple-
evaluation) ern Zambia) t!on of mfan_t _HI\_/ infec-  mentation.
tion and notification of Mean t dii for deli f
thetest resultsto therele- testean ulrtr:aroun IMes fotrh t;’gg. Of a i
vant point-of-care health resdit loacaregiver of the Intan
. : were 66.8 (SD: 38.8) preimplementation
facility by using SMS- 4354 SD: 31.2) postimol t
based system an ays (SD: 31.2) postimplementa-
tion.
2012, Lemay et Nonrandomized Hedthsurveillance  SMStextmess Communication (reduc- SMS used to report stock-outs, asking
a [25] controlled trial assistantsand commu-  saging ing communication gaps general information, reporting emergen-
(Maternal) (staged design)  nity health workers. between health workers  cies, confirming meetings, and requesting
95 SMS usersin Sali- and their district teams;  technical support.
ma. 95 nonusersin increasing accesstoinfor- - A mong respondentswho received phones,
Salima. 95 nonusers mation and improve the most common form of communication
in Kasungu quality of services) was SM'S (100%), phone calls (94%),
(Salima, Nkhotakota, public transport to travel (8%).
and Kasungu Districts Among respondents who did not receive
in Malawi) phones: 92% used transport and only 6%
used phone calls. None used SMSfor
communication.
SMSS participants needed an average of 9
minutes to report issues and receive feed-
back at an average of USD 0.61$.
Health workers with no accessto SMS
spend an average of 1445 minutes (24
hours) to report and receive feedback at
an average of USD 2.703.
In control district, it took 1681 minutesto
report and receive feedback at an average
of USD 4.56$.
2012,Ngaboetal Nonrandomized 432 community health SMS Text Communication (SMS- 5734 SMS were sent.
[29] design (preinter- workersand therest ~ messaging based platform, enabling 11 502 pregnancies (81% of the 14,200
(Maternal) vent_l on and _ of the health system (Rampl SMS-  effectiveand real _tlme 2~ egtimated annual pregnanciesin district)
postintervention  (Musanze, Rwanda)  \icHi system)  Way communication for — yere monitored.
evaluation) action, between CHWsat

2011, Andreatta
et al [23]

(Maternal)

Nonrandomized
design (posttrain-
ing evaluation)

8TBA, 2professional  SMStext mes-
nurse midwives (Sene saging

District in Ghana)

community level, and the
rest of the health system.
Used to improve access
to antenatal, postnatal
care, institutional deliv-
ery, and emergency ob-
stetric care)

Datacollection and com-
munication (reporting
postpartum hemorrhage
occurrence, management,
and outcome)

A 20% increase in facility-based delivery
from 72% 12 months beforeto 92% at the
end of pilot phase.

Both professionals and TBAs were able
to use the specified reporting and text
messaging protocols to report clinical
outcomes.

425 births were reported during study pe-

riod, with 13 cases of PPHjoccurring
(3.1%) cases.
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Study/ (Focusof ~ Study design Target populationor ~ Form of mHealth function Relevant findings

evaluation) size (Setting) mHealth

2010, Nonrandomized Heath workersin SMStextmes- Datacollection, automat- 59% come on time as per scheduled dates
Kwaewkungwal design (preinter- charge of ANC or saging and ed generation of list, and after implementation compared with 44%
etal [24] vention and EPI¥ services(sample  Veb-based update informationre-  before implementation.

(Maternal and ~ Postintervention  gzenot indicatedin ~ @PS gardingthe antenatal care - 4495, of children who came to receive
child, including ~ evaluation) paper) (Phung district, and child'simmunization  gohedyled vaccines on time on the preset
neonatal) Thai-Myanmar) status on mobile phone  monthly immunization date after interven-

when performing ANC
or EPI activities off
health care clinic

tion compared with 35% before.

Updating immunization data on mobile
phone increased odds of EPI on time by
2.04.

8TBA: traditional birth attendant.
bSMS: short message service.

SCHW: community health worker.
dANC: antenatal care visit.

€H1V: human immunodeficiency virus.
"HEW: health extension worker.
9GPRS: general packet radio service.
NSD: standard deviation.

'MCH: maternal and child health.
IpPH: postpartum hemorrhage.

KepI: expanded program on immunization.

Narrative Synthesis of Results of the Descriptive
Studies

In Indonesia, a theoretical model on the use of mobile phones
to enhance the capacity of health workers was developed and
tested among 223 midwives [35]. Mobile phone use was
positively associated with midwives accessto institutional and
peer information resources. SMS text messaging was used to
educate midwives in a study conducted in South Africa and
improved clinical practice was reported by 72.0% of
participants. More than two-thirds (68.0%) of the midwives
commonly shared and discussed the messages with their
colleagues. All participants requested to receive more text
messages on other important topics[40]. Again, in rural South
Africa, the feasibility and acceptability of using mobile phone
app for data collection amongst pregnant women living with
HIV was explored [38]. Acceptability was high, as well as
perceived usefulness and ease of use. Feasibility of conducting
the interviews in the setting was a so high, with no significant
challenges with respect to network coverage, cost of hardware
and software, and secure transmission of data. Among nurses
receiving midwifery education, mobile phone usage facilitated
authentic problem solving, reflective practice, and life-long
learning [36]. In Afghanistan, World Vision rolled out an
mHealth intervention, using the open source CommCare
platform [39]. This was aimed at improving the quality of
counseling for pregnant women, promote facility delivery, and
facilitate timely referral of women and newborns to facilities
and hopefully result in decreased maternal and newborn deaths
following increasein utilization of services[39]. The study does
not report on how these were achieved but mentionsthat it was
successful, and the project was further expanded to deal with
childhood nutrition. In one study, 9 health workers were
provided with mobile phones with an installed algorithm that

http://www.jmir.org/2016/8/e226/

allowed for real-time access to data. This reduced time lag in
patient data transmission and allowed for pregnant women to
be categorized based on risk for treatment [32]. The Safer
Deliveries project in Zanzibar, which employed an open source
mobile app enrolled TBAs and resulted in an increase in
registration of pregnant women as well as increase of facility
delivery from 33.6% to 71.0% [33]. Finally, the International
Institute for Communication and Development in 2013 piloted
aproject in Mai in which CHWs and specialists used amobile
app to report and monitor cases of malaria in pregnancy and
among children aged younger than 5 years, as well as detect
and respond promptly to any outbreak [34]. Thisresulted in a
31% reduction in malaria in pregnancy and 33% reduction in
children under 5 years with maaria. Table 3 presents an
overview of the characteristics and relevant findings of the
descriptive studies.

Strengths, Weaknesses, Opportunities, and Threats
Analysisof Included Studies

A Strengths, Weaknesses, Opportunities, and Threat analysis
was conducted for all included studies. All studiesincluded are
relatively current studies published from 2010 onward providing
up-to-dateinformation. Thereisalso agood variation of settings
within the domain of LMIC, with studies conducted in West,
East, and Southern Africa, and different partsof Asia. All forms
of mHealth interventions as well as different functions that can
be served by mHealth are represented in these studies. Inall but
one study, standardized phones were procured for participants.
Strength of the included studies is the broad range of health
worker categories considered, allowing for easy assessment of
feasibility of mHealth apps for the daily work of health care
workers. Weaknessesin the studiesrelated mainly to their study
design. Only one of the intervention studies was a RCT [22],
the others combined various nonrandomized study designs, such
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as preintervention and postintervention comparison, and in this
regard, lack the specific rigor associated with intervention
studies. The descriptive studies ranged from surveys to case
studies. For each broad mHealth function, various apps were
reported. For example, under communication function, one
study reported mHealth used to report stock-outsto higher levels
[25], whereas another study reported mHeal th used to follow-up
women and report clinical outcomes[23]. Thiscould have been
an advantage if more than one study reported specific apps to
allow for comparison of results. Most of the studies report on
process rather than outcome measures, and thus, this systematic
provides an indication for opportunity for more rigorous
intervention studies that focus on both specific maternal and
neonatal outcome measuresin the future.

Strengths, Weaknesses, Opportunities, and Threats
Analysis of mHealth asan Intervention

Multiple studies mention low coststo be strength of the mHealth
interventions compared with traditional methods[24,25,31,40].
mHealth interventions were found to be considerably more
efficient than traditional methods used for communication [25],
and to improve the effectiveness of community health services
interms of managing logistics, reporting events, and addressing
emergencies. mHealth allowed for integration of all levels of
health workers, including TBAS, to expedite emergency referrals
and communicate with skilled providers like midwives [28].

Weaknesses included that the information in the text messages
wastoo simple and needed additional detailed information [40].
In addition, remoteness of study sites was a limitation to
Web-based education due to lack of or poor access to the Web
[40]. Technologica problems such as poor reception, lost and
damaged phones, and difficulty with certain mobile phone
models were also identified [40]. mHealth interventions that
are dependent on existing information systems, with modular
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systems that are not interoperable, cannot be linked to other
settings and data structures[24]. Other weaknessesinclude poor
telephone maintenance and lack of or limited accessto electricity
in anumber of communities.

Clear opportunities exist for utilization of mHealth. This
includes the additional functions of the technology, such as
global positioning system, taking and storing pictures and
videos, aswell asthe ability to record sound. These can facilitate
data collection tools in the future [29]. Another opportunity
offered by mHealth is for a broader mobile network coverage
that could expand the reach of health information to frontline
health workers in remote areas and accelerate knowledge
exchange between health workers and higher levelsin the health
system [25]. mHealth offers the opportunity for strengthening
of health careinfrastructure with the requisite financial support,
and the technology can be applied to a broader scope of public
health care [27]. It is aso possible to address various health
system issues using one mHealth program or intervention
[37,39], and there are various software available that could be
adapted to suit specific needs of health care [34]. Opportunities
for public—private partnership also exist [29].

Factors that threaten mHealth implementation included lack of
reliable Web coverage, which limits the potential of mHealth
inthe public sector [28,40], limited capacity to manage damaged
phones, low literacy levels [28], and lack of appreciation by
health workers of the need to use datawhereit isgenerated [24].
Severa of thereported interventions were conducted by foreign
agencies that could potentially result in limited sustainability
[30,33,34,39]. This, however, could be overcome if local
stakehol ders and institutions engaged in the program appreciate
thevalue of the capacity building offered. Finally, it isimportant
that any tool adapted to be used through mHealth be itself
efficient, to maximize the benefits of mHealth functions [37].
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Table 3. Characteristics of the descriptive studies included in the review and the relevant findings.

Study Study design Target health Form of mHealth function Relevant findings

(Focus of Evalua- workersor size  mHealth

tion Measures) (Setting)

2014, Leeet a Cross-sectional 223 midwives One-way mo-  Improving accessto M obile phone use was positively associat-

[35] i bile phoneuse  hedth-related resources:  ed with midwives' access to institutional
(15 sub-districts ! | i

Maternal and of Aceh Besar, formal (medical profes-  and peer information resources.

Neonatal) Indonesia) siondls) and informal A ccessto intitutional resources was pos-

(peer workers) resources jjiyely associated with midwives health
knowledge, whereas access to peer re-
sources was not.

Access to peer resources was associ ated
with higher self-efficacy, which was posi-
tively associated with health knowledge.
Implications for technology interventions
strategies targeted to community health
workersin rural communities provided.

2014, Tsai et a 2 Cross-sectiona Community Mobilephone  Casefinding (useof mo-  cH\w< were ableto detect probable ante-

[37] studies health workers ~ program bile phones for adminis- 54 depression using the scale during

(Maternal) (sample size not tering the EPDS? during  their routine outreaches with excellent
stated in paper) theroutine course of their ~ discrimination, with areaunder the receiv-
(Khayelitsha community-based out-  er-operating characteristic curve (AUC)
Cape Town, reach and wellnesswork  values ranging from 0.91 to 0.99; 0.97
South Africa) sensitivity and 0.76 specificity.

2014, Pimmer etal Case study 16 nurses attend- Mobile phones  Nurse education (mobile  Nursing studentsin resource poor settings

[36] ing an advanced phones as educational use mobile technology as educationa

(Maternal) midwifery course tools) tools.
(Rural South Theselearning practicesinvol ve sociocog-
Africa) nitive processes, learning in the form of

joint problem solving and reflection, as
well as more intensive forms of sociocul-
tural participation.

In order for educationa institutions to
more fully and more systematically har-
ness the potentials of these media, anum-
ber of ethical and practical issues need to

be addressed.
2014, D-Treelnter-  Cross-sectional 24TBAsinphase Mobilephone  Datacollectionand com- Therewasan increasein accessto skilled
national [33] (Grey | and 223 CHWs with open munication andinforma-  care during pregnancy, childbirth, and
Literature) in phase Il source mobile  tion sharing post-partum care.
(Maternal and (Zanzibar, Tanza= PP 71% facility delivery compared with
neonatal) nia) 33.6%in DHS°

77% facility delivery in phase Il (DHS
range between 25% and 41%).

Increase in primary care level deliveries
(44% compared with 4% in 2011).

Geographical differencesin delivery habits
highlighted.

Increased self-efficacy and capability of
frontline workers.

2014, World Vi- Cross-sectional CHWSs (sample  Mobilephone  Counseling and referrals  Promotion of health facility deliveries.

sion[39] sizenot provided Timely referrals of women and newborns.
(Maternal and n paper). Decreasein maternal and new-born deaths
neonatal) (Afghanistan) (worth noting that exact measures of these

are not stated in the paper).
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Study Study design Target health Form of mHealth function Relevant findings

(Focus of Evalua- workersorsize  mHealth

tion Measures) (Setting)

2013, van Heerden  Cross-sectional 16 datacollec-  ppapd Datacollection (feasibili-  Perceived usefulness was reported to be

et a [38] tors; ty of face-to-face mater-  dlightly higher than perceived ease of use.

(Maternal) (Rural South nal health datacollection - After 3 months of field use, interviewer
Africa) from pregnant women  percentions of both perceived ease of use

2013, 11CDY[34]
(Grey Literature)

(Maternal and chil-

dren)

Cross-sectional

2012, Woodseta  Cross-sectional

[40]

(Maternal and
neonatal)

50 CHWsand 10 MAM MAh

health specidists

(Yirimodjo,
Mali)

50 midwives out
of 2500 mid-
wives from pub-
lic and private
sectors

(South Africa)

SMS text mes-
saging; with
link to aweb-
site with addi-
tional informa-
tion

living with HIV using a
mobile phone survey
app)

Data collection and mon-
itoring (questionnaire
with malariaindicators
and monitoring of dis-
ease evolution)

Education

and perceived usefulness were found to
be higher than before training.

High feasibility of conducting MPAPI in-
terviews in this setting.

Network coverage was availablein all
clinics and hardware, software, cost, and
secure transmission to the data center
presented no significant challenges over
the 21-month period.

Forthe12M Lprarti cipantsin group 2,
anxiety about the multimedia capabilities
of the phone was evident. Their concern
centered on the possibility that their priva
cy may beinvaded by interviewers using
the mobile phone camera to photograph
them.

For participantsin group 3, having thein-
terviewer sit beside versus acrossfromthe
interviewee during the MPAPI interview
was received positively by 95% of MLH.
Privacy (6%) and confidentiality (5%)
concerns were low for group 3 MLH.
Mobile phones were found both to be ac-
ceptable and feasible in the collection of
maternal and child health data from
women living with HIV in South Africa.

31% reduction in malariain pregnancy
Cases.

Faster treatment response (65%).

32% reductionin malariain children under
Syears.

20% increase in pregnant women sleeping
under bed net.

42% increase in pregnant women receiv-
ing preventative medication.

86% enjoyed and learned from weekly
text messages.

72% felt that the messages improved
clinical practice.

68% shared and discussed the messages
with colleagues.
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Study Study design Target health Form of mHealth function Relevant findings

(Focus of Evalua- workersorsize  mHealth

tion Measures) (Setting)

2010, Alameta  Case study 9BRAC health Mobilephones Datacollection (red-time Health workers could send data directly

[32] (Grey Litera- workers withsmartalgo- access to data) to the central M1 system.

ture) rithms (The . . .

Neonsta (3 urban slums of Click Module) Reduced time lag in data transmission.

(Neonatal) Dhaka, Established a secured Web page contain-
Bangladesh) ing all patient data.

Established an automated decision tree
that categorizes patients depending on
their risk levels.

3EPDS: Edinburgh Postnatal Depression Scale.

bCHWs: community health workers.

’DHS: demographic and health survey.

dMPAPI: mobile phone-assisted personal interviewing.

€HIV: human immune deficiency virus.

'MLH: mothers living with HIV.

911CD: International I nstitute for Communication and Development.
AMAMMA: Mamans Mobiles contre le Malaria au Mali.

'BRAC: buildi Ng resources across community (a nongovernmental organization).

Mis: management information system.

Discussion

Principal Findings

This systematic review shows effective use of mHealth
interventions as communication, educational, and data collection
tools by health workers to report on medical events related to
maternal and child health within their community. These
constitute health systems strengthening app tools [41]. The
specific mHealth functions have enabled health workersto track
pregnant women in their care, as well as facilitate referrals.
Such strategies, targeted at data collection and reminders for
antenatal visits, directly impact on service utilization such as
antenatal coverage, whereas those aimed at improving skilled
attendance at delivery and facility delivery impact moredirectly
on mortality [42]. Unfortunately, only one of the studies
included in our review directly reportsthe effect of mHealth on
maternal and neonatal mortality, without exact details of
coverages. Although other studies have shown that mHealth
interventions targeted at clients can reduce perinatal mortality
by 50% [43], we could not convincingly demonstrate this effect
for health worker-targeted interventions.

Thefact that most of the studiesincluded in thisreview targeted
health workers at community level provides insights into the
possibility of creating an intermediate layer in which health
workers form an important linkage between higher health
institutions and the community in harnessing the befits of
mHealth.

Some challenges of mHealth were identified, and these were
mainly technological problems, such as mobile network
coverage, Web-based access, €l ectricity access, and maintenance
of mobile phones[11,29,40]. These could negatively affect the
expansion of the mHeath interventions in LMIC if not
addressed. However, technological improvement comes with
associated costs. Engaging the private sector in apublic-private

http://www.jmir.org/2016/8/e226/

partnership can reduce such cost [29] and facilitate the expansion
of mHealth interventions in LMIC in the future. Decreasing
costs of handsets will potentialy reduce further the cost of
mHealth interventions.

Giventhelargeinvestmentsin mHealth [44,45], with the highest
cost of serviceprovisionin LMIC[6], experimental evaluations
which will thoroughly assessitsimpact [45], more specifically
on maternal and neonatal health outcomes, will be most
beneficial. Future studies should investigate the effectiveness
of the interventions by measuring similar outcomes. Health
workers' level of literacy affected their ability to perform
complex taskson mobiledevices[27]. Itisimportant to address
this challenge if the full complement, respectively potential of
mHealth is to be deployed at all levels of service delivery,
including the community level. Lower cadre of health staff will
need adeguate training to ensure their optimization of such
interventions.

Limitations

Limitations of our review include a high risk of bias observed
for some of the intervention studies, mainly relating to limited
consideration of confounding. Only one study wasa RCT. Most
studieswere pilot or implementation studies. A further limitation
of the current systematic review is the domain limitation of
LMIC. This affects the generalizability of our results to other
settings, as we are aware that some studies in high-income
countriesor low-income mothersin high-income countries could
provide informative insight in the effectiveness of mHealth
interventions to improve health outcomes [13].

The strength of the current systematic review is the
comprehensive search conducted including available grey
literature reflecting current activities of nongovernmental
organizations, which are often not published in peer-reviewed
journals. This paper thus provides a comprehensive overview
of the available literature on the effectiveness of mHealth
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interventionsto date and narratively assessesthe broad function  Conclusions
of mHealth. The methodology used in the narrative synthesis
looks at the broad function of mHealth as used in the study, the
targeted frontline providers, and the effectiveness of the mHealth
intervention, an approach that facilitated easy assessment of the
usefulness of the various mHealth functions.

This systematic review indicates that mHealth interventions
targeting health care workers have the potential to materially
improve maternal and neonatal health servicesin LMICs. There
is, however, a gap in the knowledge of how mHealth
interventions directly affect maternal and neonatal outcomes
and future research should employ experimental designs to
address this gap.
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Abstract

Background: A fully automated computer-tailored Web-based self-management intervention, Kanker Nazorg Wijzer (KNW
[Cancer Aftercare Guide]), was developed to support early cancer survivors to adequately cope with psychosocial complaints
and to promote a healthy lifestyle. The KNW self-management training modules target the following topics: return to work,
fatigue, anxiety and depression, relationships, physical activity, diet, and smoking cessation. Participants were guided to relevant
modules by personalized module referral advice that was based on participants’ current complaints and identified needs.

Objective: The aim of this study was to evaluate the adherence to the module referral advice, examine the KNW module use

and its predictors, and describe the appreciation of the KNW and its predictors. Additionally, we explored predictors of personal
relevance.

Methods: This process evaluation was conducted as part of a randomized controlled trial. Early cancer survivors with various
typesof cancer wererecruited from 21 Dutch hospitals. Datafrom online self-report questionnaires and logging datawere analyzed
from participants allocated to the intervention condition. Chi-sguare tests were applied to assess the adherence to the module
referral advice, negative binominal regression analysis was used to identify predictors of module use, multiple linear regression
analysis was applied to identify predictors of the appreciation, and ordered logistic regression analysis was conducted to explore
possible predictors of perceived personal relevance.

Results: From the respondents (N=231; mean age 55.6, SD 11.5; 79.2% female [183/231]), 98.3% (227/231) were referred to
one or more KNW modules (mean 2.9, SD 1.5), and 85.7% (198/231) of participants visited at least one module (mean 2.1, SD
1.6). Significant positive associations were found between the referral to specific modules (range 1-7) and the use of corresponding
modules. Thelikelihoods of visiting modul eswere higher when respondents were referred to those modul es by the modul e referral
advice. Predictors of visiting a higher number of moduleswere ahigher number of referrals by the module referral advice (3=.136,
P=.009), and having a partner was significantly related with a lower number of modules used (3=-.256, P=.044). Overall
appreciation was high (mean 7.5, SD 1.2; scale 1-10) and was significantly predicted by a higher perceived personal relevance
(B=.623, P=.000). None of the demographic and cancer-related characteristics significantly predicted the perceived personal
relevance.
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Conclusions:  The KNW in general and more specifically the KNW modules were well used and highly appreciated by early
cancer survivors. Indications were found that the module referral advice might be ameaningful intervention component to guide
the usersin following a preferred selection of modules. These resultsindicate that the fully automated Web-based KNW provides
personal relevant and valuable information and support for early cancer survivors. Therefore, this intervention can complement
usual cancer aftercare and may serve as afirst step in a stepped-care approach.

Trial Registration: Nederlands Trial Register: NTR3375; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=3375
(Archived by WebCite at http://www.webcitation.org/6j04j O7kb)

(J Med Internet Res 2016;18(8):€229) doi:10.2196/jmir.5975

KEYWORDS
eHealth; web-based intervention; computer tailoring; cancer survivorship; intervention usage; appreciation; multiple behavior

intervention; process evaluation; self-management

Introduction

Recovery from cancer and its treatment can be challenging for
cancer survivors. A variety of physical, psychosocial, and
lifestyle difficulties might impede the resumption of previous
daily lifeactivities[1]. Cancer aftercare guidelinesfor oncology
professionals recommend paying attention to the early detection
and recognition of psychological distress, fatigue, pain, problems
with daily activities, lifestyle risks, and aso to stimulating
self-care within the first year after completing the primary
curative cancer treatment [2,3]. Further, due to the aging
population and improved cancer care, the population of cancer
survivorsis growing while complaints, needs, and preferences
of cancer survivors can vary individually over the different
subjects and time [4-7]. For these reasons, fully automated,
computer-tailored Web-based cancer aftercare interventions
may be suitablefor providing alarge number of cancer survivors
with personalized advice at relatively low costs [8]. Moreover,
online solutions fit well with the increasing numbers of cancer
survivorswho search the Internet for health-rel ated information,
especially with those survivors who do not seek face-to-face
guidance or treatment [9,10]. Web-based interventions might
be appropriate to be integrated as afirst step in a stepped-care
approach as it offers a low-intensive intervention first before
referring to interventionsthat are moreintensive. Such first-step,
low-intensive interventions might be sufficient to meet the
personal needs of alarge proportion of survivorswith relatively
mild complaintsand areless costly [11]. In addition, Web-based
interventions can comprise relevant information aswritten text,
videos, animations, interactive features, hyperlinks, while
personalization of the content is possible by applying computer
tailoring [12-14].

The Web-based intervention Kanker Nazorg Wjzer (Cancer
Aftercare Guide, KNW) is a fully automated intervention that
aims to increase survivors quality of life (QoL) by providing
psychosocial support as well as promoting positive lifestyle
changes, and it targets cancer survivors of any type of cancer
[15]. The KNW consists of saven self-management training
modules covering the topics return to work, fatigue, anxiety
and depression, socia relationship and intimacy issues, physical
activity, diet, and smoking cessation (see Figure 1),
supplemented with one general information module on residual
symptoms. Based on the responsesto a screening questionnaire,
cancer survivors receive personalized advice on which KNW

http://www.jmir.org/2016/8/e229/

modules are most relevant for them to use. ThisModule Referral
Advice (MRA) is designed in a fashion analogous to traffic
lights as displayed in Figure 2. This MRA ams to guide
participants through the wide-ranging KNW portal, based on
experienced complaints and identified needs, as assessed by the
screening questionnaire. The KNW has been shown to be
effective in reducing fatigue and depressive symptoms and in
improving quality of life domains (ie, emotional and social
functioning) [16]. In addition, strong indications were found
that KNW users are engaged in more moderate physical activity
and have a higher intake of vegetables, fruits, and fish 6 months
after they started using the KNW [17]. Besides assessing the
effects of the KNW, it is important to understand how this
complex intervention was used and appreciated by the
participants, whether use and appreciation was predicted by
certain user characteristics, and to evaluate relevant key
intervention components [8,18-20]. Moreover, it is essential to
examine specifically whether the provided information was
perceived as personaly relevant in order to evaluate the
computer tailoring.

Previously published Web-based interventions in the areas of
lifestyle, mental health, and chronic conditions differ with regard
to the number of (cancer-related) topics, the composition of the
target group, the intervention components, and the delivery
mode [8,21-25]. Generally, typical Web-based interventions
aremodular in set-up, are updated weekly, require weekly visits,
last for about 10 weeks, and includeinteraction with the system,
peers, or acounselor [26]. The actual use of most interventions
was low, or data on the use have been poorly reported [8,26].
The extent of use might be influenced by differences in
participant and intervention characteristics [27]. Prior studies
among cancer survivors have shown that different user
characteristics were related to different user patterns. for
example, ahigher usage was found among those with low levels
of self-reported social support and a high illness burden, and
among survivors who were working and who received
radiotherapy [28,29]. Being female, middle aged or older, having
mid to high levels of education, a healthy body mass index
(BMI), a hedthier lifestyle, and having a low quality of life
were predictors for ahigher use of (multiple behavior) eHealth
interventions among the general population [30,31]. Reported
intervention characteristics that might predict usage were peer
or counselor support, in-person contact, updates of the
intervention, and sending reminders [20,26,27]. According to

JMed Internet Res 2016 | vol. 18 | iss. 8 [e229 | p.111
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.5975
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

previously published studies, mixed results were found on the
relationship between intervention usage and outcomes, such as
symptom distress, depression, and lifestyle behaviors[29,32,33].
With regard to appreciation, prior studies reported that
Web-based interventions were positively evaluated by cancer
survivors, and a higher use was associated with a higher
appreciation in a generic Web-based intervention for breast
cancer survivors[24,34,35].

The design of the KNW portal differsfrom most of the existing
Web-based interventions for cancer survivors by providing
personalized self-management training on seven topics and by
allowing usersto choose which modul esthey want to use during
an intervention period of 6 months. Previously identified
effective intervention characteristics of Web-based lifestyle
interventions were tailored feedback, the use of theory,
interactivity, goal setting, and online or in-person contact [8,26].
The KNW comprises all these elements, except for in-person
contact. However, the MRA provides automated personalized

Kaneraet d

guidance through the KNW modul es. Given the large scope and
the varied target group of the KNW portal, it is important to
assess how the intervention was used, appreciated, whether the
content was sufficiently tailored to be perceived as personal
relevant, and what possiblefactors, including personal relevance,
might predict the module use and its appreciation. In addition,
the MRA might be a meaningful intervention component;
therefore, the association between the MRA and the KNW
modul e use also needs to be eval uated.

The main objective of thisstudy isthreefold: (1) to describethe
use of the KNW modules and to identify predictors of ahigher
number of modules used, (2) to investigate the adherence to the
provided MRA, and (3) to describe the appreciation of the KNW
and its predictors. Additionally, to explore how well thetailoring
worked and whether the perceived personal relevance might be
different among subgroups, we explored possible predictors of
personal relevance.

Figure 1. Overview of the scope and sequence of the modules. From Willems et a (2015). Used with permission.
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Figure 2. Module Referral Advice that encourages participants to follow relevant KNW modules. Adapted from Willems et al (2015). Used with
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Vermoeidheid Relaties Stemming Beweging Voeding
Green: You're doing well. It is not necessary to follow this module.
Thermomete] Orange: You're already moving in the right direction. If you want to work on this further, then follow this module.
De kleur van| Red: We recommend that you follow this module.
« Groen: U bent goed op weg, Hel module te volgen.
+ Oranje: U bent al aardig op weg. Wilt u higt nog verder aan werken, kunt u deze module bekijken.
* Rood: We adviseren u om deze module te bekijken.
Fatigue
Your responses indicate that you suffer a lot from fatigue. We recommend that you follow the
module “Fatigue”. In this module, the way you experience the fatigue will be explored, and
you will get advice on how to manage it. The module also contains exercises that will help
you address your fatigue.
Vermoeidheid m
Uw antwoorden wijzen erop dat u veel last heeft van vermoeidheid. We
adviseren u om een kijkje te nemen in de module 'Vermoeidheid'. In deze
module wordt gekeken op welke manier u vermoeidheid ervaart en krijgt u
advies om beter met vermoeidheid om te gaan. Ook kunt u opdrachten [ 3
uitvoeren om uw vermoeidheid aan te pakken.
Relaties
Uw antwoorden wijzen erop dat u regelmatig moeilijkheden ervaart met uw "
sociale contacten of op het gebied van intimiteit. We adviseren u om een
kijkije te nemen in de module ‘Relaties’. In deze module krijgt u adviezen
over hoe u steun kunt vragen, kanker bespreekbaar maakt, of hoe u om kunt L l. )
naan met nrnhlamen nn het nohisd van intimiteit en coksialiteit 11 kint it il
Contact | Disclaimer | Colofon | Sitemap | Vraag & antwoord | Wachtwoord wijzigen B2y Maastricnt university

This process evaluation was conducted as part of a two-armed
randomized controlled trial (RCT) that evaluates the effects of
the KNW portal. For the purpose of this report, al respondents
of theintervention condition wereincluded inthe analyses. The
details of the trial design, sample size calculation, participant
eligibility, recruitment procedures, and the intervention have
been published elsewhere[15-17]. Ethical approval for thistrial
(Dutch Tria Register NTR3375) was obtained from the Medical
Research Ethics Committee, METC Z (NL41445.096.12,
12-T-115). All procedures performed in this study were in
accordance with the ethical standards of the institutional and
national research committee and with the 1964 Helsinki
declaration and its later amendments of comparable ethical
standards. Informed consent was obtained from all individual
participants included in the study.

Specific I ntervention Elements: Module Referral
Adviceand Module Principles

A comprehensive description of the intervention, including the
eight KNW modules, the underlying theoretical frameworks,
and technical features are published in detail elsewhere[15,17].
This section describes the details of the MRA that was based
on personal scores from the baseline questionnaire and that can

http://www.jmir.org/2016/8/e229/
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RenderX

refer to the seven self-management modules of the KNW (see
Figure 2). The classification criteriafor green, orange, and red
MRA are summarized in Table 1 [36-45]. A green MRA
signifies that the respondent reported no complaints, or minor
complaints or needs, concerning the specific topic. Therefore,
following the correspondent module is not a high priority. An
orange MRA was provided when the respondents reported
elevated but not severe complaints, or when respondents
partially adhered to the lifestyle recommendations of the World
Cancer Research Fund/American I nstitute for Cancer Research
and the American Cancer Society [46,47]. The orange advice
praises respondents’ reasonably positive scores; however, it is
recommended that they follow the corresponding module for
further improvement. This orange category includes a wide
coverage of score ranges, allowing for participants with higher,
but not severe scores to still receive some positive and
encouraging feedback and not lose their motivation to follow
a module due to feedback that might be perceived as too
stringent. A red MRA was provided only when severe
psychosocial complaints, problematic functioning, or low/no
adherence to lifestyle recommendations was reported, thus
indicating that the respondent might be in high need of support
concerning the specific topic. In that case, it was strongly
recommended to follow the corresponding module. More
detailed information on the underlying measures and cut-off
pointsisincluded in Multimedia Appendix 1.
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Table 1. Classification of the green, orange, and red MRA.
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M easurements and classification criteria® MRA categories
Green Orange Red
Fatigue CIS, subscale subjective fatigue (1-56) [36] <27 27-35 >35
Return to Extended CaSUN [37,38]: Needsto adjust/ find ajob (0- No needs Score on needs 3-12 Score on needs =13
work 5); Needsto receive financial support (0-5); Needs support
up on returning to work (0-5); Needs legal information (O-
5)
Mood HADS-A (0-21); HADS-D (0-21) [39]; MAC: dimension HADS-A<8 and HADS-A < 8 and HADS-A < 8or 8-15
negative adjustment to cancer (16-64) [40] HADS-D<8 and HADS-D 8-15and/ or and HADS-D >15;
MAC <36 MAC > 36; HADS-A HADSD<8or 815
8-15and HADS-D <8 and HADS-A >15
or 8-15
Relationships  gg .p (6-24) [41]/ CaSUN (2 itemsb) SSL-D <7 SSL-D=8o0r 9& needs SSL-D =10 & needs
CaSUN CaSUN
Physical activ- SQUASH [42,43]: Weekly =150 min moderatetovigorous Meeting both condi- Meeting 1 out of 2 con- Meeting no conditions
ity PA; Daily =230 min of moderate PA on =5 days p/w tions ditions
Diet Dutch Standard Questionnaireon Food Consumption[44]: Meeting at least4 ~ Meeting2or 3outof 5 Meeting 1 or O out of
Daily =200g vegetables; Daily =2 pieces of fruit; Weekly out of 5 conditions  conditions five conditions
>2 servings of fish; Daily =15g whole grains’®; Daily >4
servings of potatoes/ whole-grain rice/ whole-grain pasta
Smoking Smoking, not smoking, time point of quitting [45] Never/formersmok-  Quit smoking after can- Current smokers

ers, quit prior to
cancer diagnosis

cer diagnosis

8CIS: Checklist Individual Strength; PA: physical activity; HADS: Hospital Anxiety and Depression Scale, HADS-A: subscale anxiety, HADS-D:
subscale depression; MAC: Mental Adjustment to Cancer Scale; SSL-D: Social Support List discrepancy subscale; SQUASH: Short Questionnaire to

Assess Health Enhancing Physical Activity
PNeeds related to sexudity and fertility.
“Whole-grain bread, oatmeal, ceredls.

Throughout the different KNW intervention modules, principles
of problem-solving therapy, cognitive behavioral therapy, social
cognitive theories, and self-regulation theories were applied
[48-51]. According to the I-Change Model [50], awareness
factors such as knowledge, cues to action, and risk perception
might be important determinants in the dynamic process of
behavior change by influencing motivation and intention. By
applying the MRA, participants were made aware of their
current psychosocial status and lifestyle behaviors in relation
to the norms and guidelines, with the aim of guiding the
participants toward the appropriate self-management modules.
When using the modules, self-management skills training was
provided by encouraging respondents to observe their current
behavior more in detail, choose themes to work on, set goals,
and to prepare action and coping plans, followed by monitoring
their experiences and possible progressin the changed strategies
and behaviors. Within the modul es, the information and support
was tailored to the current emotional status, lifestyle behavior,
and motivational determinants (attitude, self-efficacy, intention)
by the application of computer tailoring. Furthermore, the
feedback was tailored to personal characteristics (gender, age,
marital status, children, education level), and cancer-related and
medical issues (type of cancer, comorbidities). Four weeks after
completing (parts of) one module, the participantswere invited
to reflect on their behavioral change plans and experiences in
a brief personalized evaluation session. They were aso
encouraged to continue applying the previously recommended
self-management  skills. Furthermore, valuable generic

http://www.jmir.org/2016/8/e229/

information about lifestyle and psychosocial issues was
accessible when visiting the user forum and the monthly news
items.

M easurements

All data were derived from online self-report questionnaires
and logging details.

Module Use

Modul e use was assessed by using logging data. Actual usewas
dichotomized (yes/no) for each modul e separately (in total eight
modules). Module use was categorized into “yes’ when at least
the first three pages of a module were used. These three pages
comprised important key information after which participants
followed personalized pathways through the modules. The
individual pathwayswere based on the responsesto the baseline
guestionnaire, own preferences and goals, and take into
consideration that the amount of needed information and/or
support can vary to initiate behavior change [33]. Additionally,
by assessing login data (last day the separate modules were
used), the number of weeks of module engagement was
registered.

Appreciation

At 6-month follow-up, the overal rating of the KNW and
separate ratings for each of the used module(s) were assessed
on ascale ranging from 1 (very poor) to 10 (outstanding) (eg,
“Overal, how do you ratethe KNW? Select your rating (1-10)”;
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“How do you rate module mood on a scale from 1 to 107).
Further, four separate items were measured to eval uate whether
the provided information and support was understandable,
useful, personally relevant, and recommendable to fellow
patients, on a 5-point Likert-scale, ranging from 1 (low) to 5
(high). The perceived personal relevance (“ Wastheinformation
from the Kanker Nazorg Wijzer of personal relevancefor you?”)
was included in the analysis of this study to explore whether
computer tailoring worked well within the KNW. These items
correspond to items that were used in other studies to measure
the appreciation of Web-based interventions [52-54].

Demographic and Cancer-Related Variables

Information about demographic and cancer-related
characteristics was collected at baseline. Standard questions
were used to measure age, gender, and marital status. Marital
statuswas dichotomized into “with partner” (married, cohabiting
partners) and “without partner” (single, divorced, widowed).
Education level was categorized into “low” (lower vocational
education, medium general secondary education), “medium”
(secondary vocational education, higher general secondary
education), and “high” (higher vocational education, university
education). Employment status was dichotomized into
“working” (self-employed, in paid employment) and “not
working” (unemployed, retired, unable to work). Type of cancer
was categorized into breast, colorectal, and other types of cancer
(ie, bladder, esophageal, gynecologic, hematologic, kidney,
liver, lung, prostate, stomach, testicular, and thyroid cancer).
Type of treatment was categorized into surgery and
chemotherapy and radiotherapy, surgery and chemotherapy,
surgery and radiotherapy, and other types of treatment. Further,
aftercare (yes/no) and comorbidities (yes/no) were measured,
and height and weight were assessed to determine BMI. The
time since completion of primary treatment in weekswas based
on registry data from the hospitals.

Statistical Analyses

The analyses were performed using STATA version 13.1.
Descriptive statistics were used to describe demographic and
cancer-related characteristics of the module (non-) users and
the number of weeks of module engagement among all
participants of the intervention condition at baseline. To
cal cul ate the appreci ation outcomes, participants who completed
the relevant questions at the 6-month measurement and who
used the corresponding moduleswereincluded. Chi-squaretests
were used to determine the rel ationshi ps between the MRA and
the subsequent module use with atwo-sided alpha=.05 level of
significance. Negative binominal regression analysis was used
to identify the predictors of a higher number of modules used
(0-8), due to overdispersed count data. Independent variables
(hypothesized predictors) were demographic variables (gender,
age, marital status, education, employment), cancer-related
variables (cancer type, type of treatment, number of weeks after
completing primary cancer treatment, aftercare, comorbidities,
BMI), the number of red and orange MRA, ranging from 0-7,
and the perceived personal relevance, ranging from 1-5. To
examine the predictors of a higher overall appreciation of the
KNW, multiple linear regression analysis was applied among
participants who completed the follow-up questionnaire after
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6 months. The dependent variable was the overall rating of the
KNW, measured at 6-month follow-up, ranging from 1-10. The
same independent variables as described above were counted
as predictors. Furthermore, the number of used modules (sum
score 0-8) was added to the multiple linear regression model.
To explore possible predictors of perceived personal relevance,
ordered logistic regression analysis was conducted, taking into
consideration that the dependent variable, perceived personal
relevance, was an ordinal variable, ranging from 1-5. Within
thisanalysis, all demographic and cancer-related characteristics
were added as independent variables. Dummy coding was used
for categorical variables including more than two categories
and the continuous and ordinal variables were standardized in
all conducted regression anayses. Since filling out all
computer-based questions was required, and respondents were
reminded automatically if a question was not answered, there
were no missing data at baseline. Missing data at 6-month
follow-up due to dropout were not imputed when calculating
appreciation outcomes.

Results

Baseline characteristics of the intervention participants are
displayed in Table 2. The majority of the participantswasfemale
(79.2%, 183/231), mean age was 55.6 (SD 11.5) years, and
70.1% (162/231) had been treated for breast cancer. A detailed
overview of cancer diagnoses among the sample is shown in
Multimedia Appendix 2. Mean time since completing primary
cancer treatment was 25.1 (SD 13.5) weeks.

M odule Use

The majority (80-100%) of the module users continued after
reading the first three compulsory pages of the different
modules. The numbers and percentages of participants who
used the separate modules are displayed in Table 2. The diet
module (134/231, 58.0%) was used most often, and the smoking
module was used least often (23/231, 10.0%). However, from
all the smokers at baseline (n=27), 13 (48%) individuals used
the module Smoking. Overall, the participants used on average
2.1(SD 1.6) KNW modules; 14.3% (33/231) used no modules,
30.3% (70/231) used one module, 18.2% (42/231) used two
modules, 21.2% (49/231) used three modules, 8.7% (20/231)
used four modules, 3.9% (9/231) used five modules, and 3.4%
(8/231) individuals used six or more modules. Module
engagement was highest during the first 16 weeks after getting
KNW access: around 80% of the users used the moduleswithin
this period.

Provided Module Referral Advice

Table 3 displays how the red, orange, and green MRA ranged
among the participants and how the modules were used. For
fatigue, diet, and smoking, more red compared to orange MRA
was provided, and for return to work, mood, relationships, and
PA, more orange compared to red MRA wasgiven. Green MRA
was most frequently given with regard to smoking, return to
work, mood, and relationships. Module use after getting a red
or orange MRA was 58.8% and 38.6% for module fatigue,
55.6% and 52.4% for module return to work, 25% and 30.3%
for module mood, and 25.9% and 27.3% for module
relationships. Concerning the lifestyle modules, module use
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after receiving ared or orange MRA for PA was 25% and 35%,
for diet 50.4% and 68.7%, and for smoking 48.2% and 42.9%.
From the 231 participants, 173 (74.9%) received at least one
red MRA, and 192 (83.1%) received at |east one orange MRA.
On average, the participants were referred to 2.9 (SD 1.5)
relevant modules (either red or orange MRA, not displayed).

Adherenceto the Provided M odule Referral Advice

The relations between the color of MRA (respectively red,
orange, green) and module use are shown in Table 4. Ingeneral,
the likelihood that participants actually used arelevant module
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was higher when the M RA wasred or orange compared to green.
When comparing modul e use after receiving ared MRA versus
an orange MRA for the modules return to work, mood,
relationships, PA, smoking, the differenceswere small, meaning
that both colors led to comparable module participation.
Participants used modules Fatigue (X>=4.599, P=.032, OR
2.262) more often when ared MRA was provided compared to
anorange MRA. Thediet module (X?=7.553, P=.006, OR .463)
was used more often when an orange MRA was provided
compared to ared MRA.
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Table 2. Overal baseline characteristics of the KNW participants and categorized for module use (N=231).

Overal Nomod- KNW Modules
(N=231) ule

Fatigue  Return  Mood Relation- Physical Diet Smoking Residual

({r%/i) (n=82, to work (n=49, ships activity (=134, (n=23,10%) SYmptoms
3B5%) (=53, 21.2%) (n=38,  (n=51, 58%) (n=47, 20.4%)
22.9%) 165%)  22.1%)
Female, n (%) 183 26 63 46 4 30 44 106 17 40
(79.2) (788)  (768)  (868) (837) (790)  (86.3) (79.1)  (73.9) (85.1)
Age, mean (SD) 55.6 525 55.1 528 544 559 56.3 560 516 56.2
(11.5) (107)  (116) (95  (1L7) (121 (9.7 (1.1 87 (9.0)
With partner, n (%) 193 27 65 43 37 31 42 109 16 36
(83.6) (81.8)  (79.3)  (8L1) (755 (816)  (824) (81.3)  (69.6) (76.6)
BMI, mean (SD)  26.0 272 26.2 257 253 261 26.1 254 248 25.4
(5.0) (7.3) (4.3) (50) (40) (35 (3.6) @47 @31 (3.9)
Education, n (%)
Low 76 13 23 12 15 12 18 42 9 13
(32.9) (39.4)  (281)  (226) (30.6) (316)  (35.3) (3L3)  (39.1) (27.7)
Medium 76 12 31 20 20 13 18 a4 7 14
(32.9) (364)  (378)  (377) (408) (342 (353 (328)  (30.4) (29.8)
High 79 8 28 21 14 13 15 48 7 20
(34.2) (242) (342  (396) (286) (342  (294) (358)  (30.4) (42.6)
Working at baseline, 122 20 40 38 28 18 27 70 13 26
n (%) (52.8) (60.6)  (488)  (71.7) (57.1) (474)  (529) (52.2)  (56.5) (55.3)
Type of cancer, n (%)
Breast 162 24 55 40 36 27 41 %4 18 32
(70.1) (727)  (67.1) (755 (735) (711)  (80.4) (702)  (78.3) (68.1)
Colon 29 4 10 4 6 5 2 19 3 9
(12.6) (121) (1220 (76) (122) (132 (39 (142)  (13.0) (19.2)
Other 40 5 17 9 7 6 8 21 2 6
(17.3) (152)  (207)  (169) (143) (158)  (15.7) (157)  (87) (12.8)
Had cancer before, 24 5 8 3 4 3 5 13 2 5
n (%) (10.4) (152) (9.9 67 (82 (79 (9.8) o7 (87 (10.6)
Treatment, n (%)
Surgery, chemo, ra- 86 11 37 20 20 18 22 53 11 22
dio (37.2) (333)  (45.1)  (37.7) (40.8) (47.4)  (43.1) (39.6) (47.8) (46.8)
Surgery, chemo 61 11 17 16 16 9 12 35 7 15
(26.4) (333 (207)  (302) (327) (237)  (235) (26.1)  (30.4) (31.9)
Surgery, radio 46 5 15 11 10 5 11 26 3 8
(19.9) (152)  (183) (208 (204) (132)  (216) (19.4)  (13.0) (17.1)
Other 38 6 13 6 3 6 6 20 2 2
(16.5) (182) (159  (11.3) (61  (158)  (11.8) (149 (87 (4.3)
Weekssincecomple:  25.1 27.1 24.1 23 253 265 237 250 221 25.4
t(iglg)tfeatment: mean (135 (15.6) (144)  (137) (136) (129) (13.6) (131) (132 (3.9)
Having comorbidi- 62 10 25 14 12 10 15 34 7 8
ties, n (%) (26.8) (30.3)  (305)  (264) (245 (263)  (29.4) (254)  (30.4) (17.0)
Using aftercare,n 145 25 46 38 32 29 31 83 12 29
(%) (62.8) (758)  (56.1)  (7L.7) (65.3) (76.3)  (60.8) (61.9)  (52.2) (61.7)
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Table 3. Provided MRA and subsequent module use.
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Module Red Orange Green
Followed module, % Followed module, % Followed module, %
% yes no % yes no % yes no
Fatigue 34.6 58.8 413 191 38.6 61.4 46.3 16.8 83.2
Return to work 3.9 55.6 44.4 18.2 52.4 47.6 77.9 14.4 85.6
Mood 17 25 75 28.6 30.3 69.7 69.7 174 82.6
Relationships 11.7 25.9 74.1 191 273 72.7 69.3 11.8 88.1
Physical activity 52 25 75 35.9 374 62.7 58.9 125 87.5
Diet 533 504 49.6 429 687 313 39 444 55.6
Smoking 11.7 48.2 51.9 31 42.9 571 85.3 3.6 96.5
Table 4. Relationship between the MRA and module use (chi-square tests; df=1).
Module (yes/no) Red compared to orange Red compared to green Orange compared to green
X 2 P Oddsratio X 2 P Oddsratio X 2 P Oddsratio
(95% Cl) (95% Cl) (95% Cl)
Fatigue 4509 a8 2262 35485 (opR 7.042 8332 (g2 3113
(.99-5.16) (3.12-14.69) (1.30-7.37)
Return to work 0.030 .863 1.136 10565 o122 7.404 28920 ggpa 6.515
(.21-6.56) (1.46-39.25) (2.92-14.47)
Mood 0.050 .822 767 0.156  .693 1.583 4680 (312 2.065
(.01-10.27) (.03-20.50) (1.00-4.21)
Relationships 0.016 .901 .933 3.810 .051 2597 6.349 0122 2.783
(.26-3.11) (.81-7.49) (1.11-6.73)
Physical activity 0.696 .404 .186 1474 225 2333 1860 o2 4173
(.00-1.48) (.37-10.57) (2.02-8.74)
Diet 7553  gpe? 463 0.119 730 127 2.182 140 2742
(.26-.83) (.26-6.71) (.54-14.67)
Smoking 0.063 .803 1.238 58.075  (po2 25.204 22400 (o2 20.357
(.17-10.06) (7.67-85.09) (2.40-141.94)

gtatistically significant result.

Appreciation

From the 231 participants who had access to the KNW
intervention, 182 responded to the questions concerning
appreciation after 6 months. The overall appreciation of the
KNW was high (mean 7.5, SD 1.2) (Table 5). In general, the
overall KNW was rated more positively among module users
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compared to non-modul e users. Ratings of the separate modules
ranged from 6.4 (satisfactory) for theresidual symptoms module
to 8 (good) for smoking module. Personal relevance ranged
from 2.9to 3.5 (alittle bit relevant to relevant). The ratings for
comprehensibility, usefulness, and recommendation to other
cancer survivors were al positive and very uniform (Table 5).
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Table5. Appreciation of KNW after 6 months.
Overall Nomod- Fatigue Return Mood Relationships PA  Diet Smoking  Residual symp-
ule to work toms
Overal KNW (1-10), 7.5 7.1 7.6 7.6 7.4 7.4 7.6 75 7.8 7.4
mean (SD) (1.2) (2.0) (1.2) L) (10 (10 L) (10 (L2 (1.2)
Modules (1-10)2 mean 73 7.0 75 7.2 77 76 8 6.4
(SD) (13 (1.3 (1.2 (0.8) (L1) @10 (13 (1.9
Subquestions on content (1-5) b, mean (SD)
Understandable? 4.3 41 4.4 4.4 4.3 45 44 44 43 4.4
(0.6) (1.0) (0.5) (0.5) 05 (05 (0.5 (05) (05) (0.5)
Useful? 37 37 38 37 37 37 37 37 38 34
(0.8) (1.2) (0.8) (0.8) (0.8) (0.8) (0.7) (0.8) (0.9 (0.9
Personal relevant? 32 29 34 33 32 34 35 32 33 33
(0.9 1.2 (0.8) 0.7) 09 (09 (0.7) (0.8) (0.9 (0.9
Recommendabletofel- 3.9 3.6 39 39 38 3.7 4 39 41 38
low survivors? (1.0) (1.1) (1.0) (1.0) (10) (10 (1.0) (1.0) (0.9 (1.0)

3o module n=18, fatigue n=47, return to work n=27, mood n=13, relationships n=11, PA n=28, diet n=77, smoking n=6, residual symptoms n=14.
PNo module n=18, fatigue n=67, return to work n=46, mood n=45, relationships n=34, PA n=45, diet n=115, smoking n=18, residual symptoms n=39.

Predictorsof a Higher Number of M odules Used

Using a higher number of modules was predicted by a higher
number of red/orange MRA (3=.136, P=.009), and by ahigher
perceived persona relevance ($=.150, P=.014). Moreover,
having a partner was significantly related with alower number
of modules used (B=-.256, P=.044) (Multimedia Appendix 3).

Predictorsof a Higher Appreciation of KNW Overall

A higher appreciation with the overall KNW was significantly
predicted by a higher perceived personal relevance (3=.623,
P=.000) (Multimedia Appendix 4). None of the demographic
and cancer-related variabl es, or the number of red/orange MRA,
or number of modules used predicted a higher overall
appreciation of the KNW intervention.

Predictorsof a Higher Perceived Personal Relevance

None of the demographic and cancer-related characteristics
significantly predicted the perceived personal relevance of the
KNW content, indicating that the KNW content was rated
comparably personal relevant among individua swith different
demographic and cancer-related characteristics (Multimedia
Appendix 5).

Discussion

Principal Findings

This process evaluation of the Web-based KNW evaluated the
automated guidance toward the KNW modules and subsequent
module use, and the appreciation of this intervention. Despite
the noncommittal nature of the KNW, more than 85% of the
participants used one or more of the eight modules, and there
was clear interest in all eight modules. Thisresult confirmsthe
need for wide-ranging support among early cancer survivors.
Interestingly, automated referrals to specific modules were
related to a higher number of modules used. Moreover, the
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complex KNW was highly appreciated and perceived as personal
relevant by early cancer survivors.

The MRA aimed to guide the respondentstoward the appropriate
modules by giving feedback about current problem areas and
needs. Cancer survivors might not have noticed some of these
needs, and the MRA may have raised awareness about these
topics. Theimportance of increasing awarenessis theoretically
grounded as described by Weinstein and Sandman [55] in their
Precaution Adoption Process Model. That model includes a
sequence of five stages within behavior change: “unaware of
the issue,” “aware of the issue but not personally engaged,”
“engaged and deciding what to do,” “ planning to act but not yet
having acted,” and “acting.” Prior research confirmed that a
considerable number of colorectal cancer survivors were
unaware of healthy diet recommendations, and older cancer
survivors reported being less aware of the beneficial effects of
a healthy lifestyle [56,57]. In addition, research revealed that
cancer survivors might be less aware of available psychosocial
support and solutions to psychosocial problems, while, for
example, addressing maladaptive illness perceptions and
adopting a more adaptive self-management may lead to better
health outcomes[58,59]. Consequently, curiosity about available
self-management support needs to be encouraged [8]. In
accordance with the I-Change Model, the MRA could increase
knowledge about the current level of well-being, psychosocial
conditions, and lifestyle behavior. Besidesthat, the MRA could
elevatetherisk perception and may serve asacueto action with
regard to the relevant topics, given that the solutions to the
problemsare provided (rel evant self-management module) [50].
These awareness/solution triggers might positively influence
the motivation and intention to perform desired behavior, which
is in line with the findings of Walthouwer et al [60], who
identified awareness as an important moderator in the
relationship between psychosocial determinants and specific
dietary behavior (eating in moderation) in the general
population. Results in our study illustrate that these
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awareness/solution triggers are most likely to be followed when
ared or orange MRA was provided. Thus, the MRA successfully
referred those respondents with elevated as well as severe
complaints and/or needs. However, thisdid not apply for fatigue
because highly fatigued respondents (red MRA) were more
likely to use the fatigue module compared to participants with
less fatigue (orange MRA). Additionally, with regard to diet,
results might indicate that especially those who were already
engaged more in a healthy diet were more likely to use the diet
module. Furthermore, thetopic diet could be of general interest
to the participants, while the topic fatigue might be most
interesting for participants with specific complaints.
Consequently, the MRA may be a meaningful intervention
component to increase motivation, subsequent module use, and
problem-solution, while MRA adherence might be related to
the specific behavior. Using topic-specific KNW modules has
shown to be effectivein decreasing fatigue, depressive feelings,
and was beneficial in increasing moderate physical activity and
fruit and fish consumption [16,17].

Within the KNW, participants were referred on average to 2.9
modules, while on average 2.1 modules were used. The
appreciation rateswere high, and the results showed that a higher
number of modules used did not contribute to a higher
appreciation. However, a higher perceived personal relevance
did contribute to a higher appreciation. This is in line with
Wilson et a [61] reporting that a moderate number of
recommendations in multiple behavior interventions might
produce the highest level of change, while engagement with a
higher number of recommendations might be too demanding.
Within the KNW, respondents were allowed to make their own
choices, despite the provided MRA. Prior research confirms
that the possibility to choose within multiple behavior
interventions may prevent high attrition rates and could improve
intervention outcomes[31,32,62]. Offering wide ranging support
in combination with personalized referral to relevant topics and
the possibility to choose might prevent overload. Donkin et a
[33] support this suggestion by reporting that a certain level of
usage might be needed to obtain benefit from an online
intervention for depression. However, after reaching a point of
therapy saturation, little or no additional program gains might
be expected. This is in line with a Web-based study among
cancer survivorsand with another Web-based obesity prevention
study among the general population, which reported that more
intervention use did not result in better intervention outcomes
[28,63]. Using a higher number of modules may not be
necessary for all users to benefit most from the KNW. Our
results reveal ed that having no partner was related to the use of
a higher number of modules, and participants who were in
greater need of support (higher number of red/orange MRA)
indeed used a higher number of modules. Thisisconsistent with
the findings of Borosund et a [28], who reported that, in
particular, cancer survivors with low levels of social support
and a high illness burden used self-management components
of a Web-based illness management support system.
Furthermore, higher perceived personal relevance was related
to using ahigher number of modules, which might be explained
by receiving a higher amount of computer-tailored content
within the modules. The overall KNW was highly appreciated
with an average grade of 7.5, indicating an appreciation from
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very satisfactory to good. Thelow variability (SD 1.2) indicates
aconsiderably unanimous positive rating 6 months after getting
access to the KNW. Results from our study indicate that
perceived persona relevance might be a key component to
explain a higher appreciation. Computer tailoring was applied
within the KNW in order to create personal relevant feedback.
Since perceived personal relevance could not be predicted by
demographic and cancer-rel ated characteristics, we can conclude
that the tailoring of information worked well. In comparison,
the overall satisfaction of ageneric fully automated Web-based
self-management intervention for breast cancer survivors was
mean 7 (SD 1.2) [24]. In addition, the overall appreciation of a
Web-based weight management intervention for overweight
adults was mean 6.6, and the overall appreciation of a
Web-based text- and video-tailored intervention for smoking
cessation in the general population was mean 6.45 (SD 1.62;
scales ranged from 1-10) [53,54]. The overall appreciation
ratings of KNW module users were more positive than the
ratings of module non-users, although the module non-users
were gtill quite positive in their ratings. In addition to the
modules, the KNW has a user forum and participants received
monthly emails inviting them to visit generic monthly news
items. Filling out the screening questionnaire and follow-up
guestionnaires, combined with receiving personalized feedback
on problem areas (by the MRA), aswell asthe additional KNW
features, might already have raised awareness and provided
other valuable information to achieve benefits among module
non-users. Overall, the high appreciation rate indicates that the
broad design and tailored information of the KNW seem to fit
well with the needs of early cancer survivors (in which, breast
cancer survivors were overrepresented).

Limitations

Some limitations need to be addressed. First, providing dataon
completion of the separate themes and specific activitieswithin
the modules, and on completion of the evaluation sessions was
not possible due to the module design. This information might
beinteresting for future studies; therefore, we recommend future
interventionsto study in more detail participation of intervention
modules. Second, within our study, it was not possible to
compare the relationships between the MRA and module use
to acontrol group not receiving the MRA. Consequently, these
associations need to be interpreted with caution, as it is
conceivable that without the MRA, some of the same modules
would have been used. Future experimental research might
explore the specific effects of a similar automated referral
system on subsequent choices. Third, this eHealth intervention
requires respondents to have computer skillsand health literacy,
such as competence at accessing, understanding, appraising,
and applying the health information provided [64]. However,
since eHealth literacy was not assessed in this study, it is not
possible to estimate the extent to which this might have
influenced initial recruitment and the use and appreciation of
the KNW. Fourth, mainly middle-aged, female breast cancer
survivors who scored fairly well on QoL and depression
participated, which might be too selective a group to represent
the general cancer survivor population. During recruitment,
mainly breast cancer outpatient clinics participated. Five-year
survival rates of breast cancer are relatively high [6]. Unless
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mostly females with higher socioeconomic status are reached
in Web-based interventions in general, interpretations of these
findings should be viewed with caution [8].

Conclusion

Kaneraet d

Moreover, the overall intervention and separate modules were
highly appreciated, which could be explained by a higher
perceived personal relevance. We can conclude that computer
tailoring worked well and that the range of topics, design, and

personalized information suited the needs of early cancer
survivors. This process eval uation adds meaningful information
on the use and appreciation of Web-based cancer aftercare
interventions and confirms that the KNW offers valuable and
appropriate support for early cancer survivors to complement
usual cancer aftercare and may serve as a first step in a
stepped-care approach.

The general KNW and the KNW modules were substantially
used and highly appreciated by early cancer survivors, thus
confirming the need for wide-ranging support among thistarget
group. Results indicate that the MRA may be seen as a
meaningful key component of the fully automated KNW
intervention by guiding usersto follow a preferred sel ection of
modules, given their current complaints and identified needs.
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Abstract

Background: The need for effective interventions to improve mental health and emotional well-being at a population level are
gaining prominence both in the United Kingdom and globally. Advances in technology and widespread adoption of Internet
capable devices have facilitated rapid development of Web-delivered psychological therapies. Interventions designed to manage
arange of affective disorders by applying diverse therapeutic approaches are widely available.

Objective:  Themain aim of this review was to evaluate the evidence base of acceptance and commitment therapy (ACT) in a
Web-based delivery format.

Method: A systematic review of the literature and meta-analysis was conducted. Two electronic databases were searched for
Web-deliveredinterventionsutilizing ACT for the management of affective disordersor well-being. Only Randomized Controlled
Trials (RCTs) were included.

Results: The search strategy identified 59 articles. Of these, 10 articles met theinclusion criteriaspecified. Therange of conditions
and outcome measures that were identified limited the ability to draw firm conclusions about the efficacy of Web-delivered
ACT-based intervention for anxiety or well-being.

Conclusions: ACT in a Web-based delivery format was found to be effective in the management of depression. Rates of
adherence to study protocols and compl etion were high overall suggesting that this therapeutic approach is highly acceptable for
patients and the general public.

(J Med Internet Res 2016;18(8):€221) doi:10.2196/jmir.6200

KEYWORDS

acceptance and commitment therapy; systematic review; meta-analysis, depression; anxiety; quality of life; Internet-based;
mobile-based

and Europe [4] who have recognized the importance of health

Introduction

The need for effective interventions to improve mental health
and emotional well-being at a population level are gaining
prominence globally [1]. These interventions have fast become
apriority issue for policy makersin the United Kingdom [2,3]

http://www.jmir.org/2016/8/e221/

and well-being across the lifespan.

Mental health and emotional well-being are a fundamental
component of good health. A lack of emotional well-being
underpins many physical diseases, unhealthy lifestyles, and
social inequalitiesin health. Common mental disorders (CMDs)
such as depression and anxiety are known to be associated with
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the adoption of unhedlthy lifestyle behaviors, including smoking,
increased alcohol consumption (above recommended limits),
limited physical exercise, and obesity [5,6]. As such, the huge
estimated economic costs of these disorders on individuals and
society [ 7] usually associated with lost productivity and burden
of hedth and socia services [1,8,9], are likely to be
underestimated.

Thus, effective treatments and resourcesthat support individuals
to improve their mental health and well-being through
psychological treatment programs or health behavior change
are of increasing interest to government agencies, health
services, commercial enterprises, and individuals themselves.
This comes at a time when health and public policy agendas
areincreasingly encouraging and slowly shifting responsibility
for both physical and psychological health, well-being, and
lifestyle choice to the individual themselves, so called
“self-care” [10,11]. This shift towards personal responsibility
isbeing aided through widespread commercial and technological
advancement. Web-based mobile apps that support and
encourage healthy lifestyle choices and behavior changes are
widely available and affordable[12] and areincreasingly utilized
for health information [13] and treatment (eg, Moodgym, fear
fighter, beating the blues). Web-based treatment programs
employing cognitive behavior therapy (CBT) are considered to
be an effective treatment for a range of conditions, including
Post-Traumatic Stress Disorder [14], obsessive compulsive
disorder [15], depression [16], anxiety [17], and social phobia
[18].

Acceptance and commitment therapy (ACT) has enjoyed a
steady rise in interest as an alternative therapeutic intervention
to CBT. ACT is considered a third wave CBT, philosophically
rooted in functional contextualism [19,20] and relational frame
theory [21]. ACT differs from traditional CBT in a number of
ways, most notably in that it does not consider thoughts and
beliefs as correct or incorrect; and symptom reduction is not
the goal of treatment but is a by-product of the process [19].
ACT is based on the principles of self-acceptance and a
commitment to one’s persona values, and encourages the
adoption of behaviorsthat are in agreement with those personal
values. ACT aims to encourage individuals toward (1)
acceptance of difficult and unwelcome thoughts or emotions,
and (2) promotion and simultaneous adoption of actions and
behaviors, into daily practice, which are in line with these
individual core values and principle beliefs. ACT interventions
commonly incorporate mindfulness and experiential exercises
that promote contact with the present moment.

As interest and research into the application of ACT grows so
too must the evaluation of its evidence base. Reviews and
meta-analyses have examined the effectiveness of ACT across
arange of disorders. Ost [22] concluded that “ACT is not yet
well established for any disorder” but showed promise in the
treatment of chronic pain and tinnitus with additional possible
efficacy for depression, psychotic symptoms, drug abuse, and
stress at work. Before this, Ruiz [20] evaluated face-to-face
delivery of ACT as compared with traditional (CBT) across a
range of conditions and reported a significant mean effect size
in support of ACT, for depression and quality of life but not
anxiety. Sharp [23] reported that the research base, although

http://www.jmir.org/2016/8/e221/
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small, suggested ACT was effective for a range of anxiety
disorders. Powers et al [24] reported a“ clear effect and overall
advantage of ACT compared to control conditions’ but found
no evidence to suggest it was more effective than established
treatments. Others have a so reported ACT to be effective across
a range of conditions, including psychiatric disorders [25],
chronic pain [26-28], tinnitus [29], multiple sclerosis [30],
anxiety disorders [31,32], stress [33-35], and health behavior
or lifestyle change together with smoking [36-39] and weight
optimization [40]. Thus whilst there is some uncertainty of the
effectiveness of ACT, it appears to be related more to
establishing the evidence base rather than ACT being an
ineffective intervention.

Therecent surgein interest in Web-based interventions warrants
further review of ACT in the context of a Web-based delivery
format to manage CMDs. No previous review has focused
exclusively on ACT as implemented in Web format. Although
it isimportant to note that Ost [22] included 3 Web-based ACT
interventions. The Association for Contextual Behaviora
Science (ACBS) website lists 9 computerized versions of ACT
since 2013. Thus, areview focusing solely on this application
of ACT is required to assess the evidence base of its
effectiveness in the trestment of CMDs.

This review aimed to examine the published, peer-reviewed
evidence pertaining to the effectiveness of ACT in the treatment
of CMDs and well-being in a Web-based delivery format.

Specific objectives include:

1. Identify randomized controlled trials (RCTs) of Web-based
interventions that have employed ACT as the main therapeutic
approach, for the treatment of a CMD or improvement of
well-being in any population.

2. Appraise and synthesize the evidence on effectiveness for
depression, anxiety, and quality of life.

The secondary aim wasto report rates of adherenceto the study
protocol, calculated as a percentage of those randomized to the
intervention and completed post assessment.

Methods

Sear ch Process

Systemic searches of electronic databases Medline Complete
(EBSCO interface) and PsychINFO (EBSCO interface) were
conducted from (database inception) to February 10 2016.
Standardized subject terms were utilized in each electronic
database. The keywords search table can be viewed in
Multimedia Appendix 1. The MEDLINE Strategy (EBSCO
interface) was adapted for PsychINFO. To address grey literature
the list published on the ACBS website of computerized ACT
interventions, since 2013, was reviewed. Reference lists of
identified studies were examined for additiona articles.

Studies were required to meet the following criteria: (1) the
study must be published in a peer-reviewed, English language
journa (2) theintervention was based on ACT (3) RCT design
(random allocation of participants into either intervention and
control or intervention and active treatment arm) (4) the study
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delivers the intervention via the Web (5) the intervention was
designed to be accessed on more than one occasion (6) the
intervention was designed to manage a CMD or improve
well-being and (7) the study must report a measure of
effectiveness of the intervention (ie, pre- and post-outcome
measure) to enable the calculation of an effect size. Studies
were excluded if (1) participantswere under the age of 18 years
and (2) reanalysis of data from a subsample of a previously
published RCT.

Procedure

Threereviewers(MB, AJ, AG) independently reviewed thetitle
and abstract against inclusion and exclusion criteria. Final
decisions were triangulated. Studies were included for full text
review where one reviewer indicated to include. The full text
articlewasthen assessed against inclusion and exclusion criteria.
Studieswere excluded when they did not meet asinglecriterion.
The first instance where they did not meet eligibility was
recorded and the study was not assessed for other inclusion
criteria [41]. In instances where more than one study was
retrieved by the same author (MB) checked that the data
presented were from different populations. The final list was
discussed with the expert reviewer (AJ) to ensure consensus
was reached.

Data Extraction

A data extraction sheet was developed and piloted. The
following data were extracted for analysis:

- Citation reference (authors, title and date, country)

« RCT characterigtics: RCT design, total number of trial arms,
type of comparator or control, method of randomization,
all ocation sequence concea ment, blinding, and samplesize
and total number allocated to each trial arm

« Participant characteristics: setting (recruited from),
condition, comorbidity, diagnostic criteria, age, sex,
self-referred or clinician refereed

- Intervention characteristics: name of ACT intervention,
specific elements of ACT included, guided or automated
delivery, type of guide, type of communication with guide,
additional support, intended duration and modulesincluded,
format of delivery (sequential or free navigation), features
of the system (reminders, personalization)

- Effectiveness of intervention: primary and secondary
outcome measures; effect size at post assessment and follow
up where available

« Adherence: calculated asapercentage of those randomized
to the intervention and completed post assessment.

Risk of Bias

The Cochrane Collaboration’s tool for assessing risk of bias
was applied [41]. A total of 6 risk domainswere evaluated. Each
domain generated a level of risk: low, high, and unclear, from
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which an overall level of bias was determined for each RCT.
No contact with the publication authors was made to discuss or
further clarify points relating to a particular study.

Analysis
Data were entered into MATLAB, Mathworks and Review
Manager (RevMan) version 5.3 (The Nordic Cochrane Centre,

The Cochrane Collaboration, Copenhagen), cleaned, and
checked for missing values and errors.

Effect Size Computation

Two categories of effect size were calculated, one comprising
between-group effects measured post-treatment and the other
comprising within-group effects measured between pre- and
post-treatment. In those studies that included more than one
comparison condition, the active control was chosen as the
comparison condition. For each of these 2 categories, summary
effect sizes were then calculated for the following 3 categories
of outcome measures: (1) depression (2) anxiety and (3) quality
of life. All between-group effect sizes are signed so that a
positive value isin favor of the Web-based ACT condition and
all within-group effect sizes are signed so that a positive value
isin favor of the post-treatment time point of the pre-treatment
time point. Hedges' g was chosen for effect size, using means
and standard deviations of the outcome measures of participants.

Meta-Analysis

Analyses were conducted using RevMan version 5.3.5 and
MATLAB R2015a. The DerSimonian and Laird random-effects
model [42] was adopted in each case, based on the assumption
that variation of true effects exists between studies. Using this
model, the summary effect sizes outlined in the previous section
were calculated. Corresponding testsfor statistical significance
were computed in the form of both two-tailed P-values and 95%
confidence intervals. The heterogeneity of true effects was

assessed by the I%-statistic. Corresponding P-values were
computed to assess the extent of uncertainty in Q, following
the assumption that Q follows ax? (k-1) - distribution, with k-1
degrees of freedom.

Interpretation of effect sizes was based on Cohen's
rule-of-thumb, that is, small effects were categorized as 0.2 <
g<0.5, medium effectsas 0.5 < g<0.8 and large effects as g>0.8
[43]. The proportion of dispersion due to true effects was
categorized by the well-established scale of Higgins et al [41],
that is, the intervals 25% < 12 < 50%; 50% < 1% 75% and 1% >
75% and indicate a low, medium, and high proportion of
dispersion due to true effects, respectively.

Where the outcome measure was dichotomized, it was not
possible to calculate Hedges g directly. In this instance, data
were transformed using the method given in Figure 1 [44].

Figure 1. Expression relating the odds ratio and Hedges' g where df is the number of degrees of freedom.

g:(l_4df—1

3
)£ln0R
T

where OR is the odds ratio and df is the number of degrees of freedom associated with the problem.
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Results

Principal Findings

The database searches identified 55 articles; a further 4 were
identified through review of the ACBS website. Thisled to 59
articles being included for title and abstract review. A total of
38 articles were excluded at this stage leaving 21 articles that
met inclusion criteria for full text review (Figure 2 PRISMA
flowchart). Furthermore, 11 were excluded during full text
review, 3 were not RCT design, 3 were not Web-based, 1 did
not employ ACT, 1 did not report pre-post outcome for aCMD,
1 did not include data from which an effect size could be
calculated, and 2 were not peer-reviewed. Ten RCTs met the
full inclusion criteria (Multimedia Appendix 2) and were
included.

Figure2. PRISMA flowchart of included studies.
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Two instances were identified where RCTs reported data from
the same author [45-48]. In each instance, the 2 reports were
assessed. Lappalainen et al [45,46] specified different data
collection points, 2011 and 2012 whereas Levin et al [47,48]
indicated that participants received different compensation and
rewards for teking part (USD$10 plus research credits;
USD$60), which suggested different participantswereincluded.
For these reasons, each of these articles were included in the
review.

Of the 10 RCTs, 7 included 2 trial arms, of which 3 included a
wait list control (WLC), and 4 had active controls as the
comparator arm. Theremaining 3 RCTsincluded 3 armed trials,
of which 2 used an active control plusa WLC and one used 2
active interventions as control (Multimedia Appendix 3). A
total of 3 trials were undertaken in Sweden, 3 in the United
States, 2 in Finland, and 2 in the Netherlands.

Flow diagram for systematic review of Web-based ACT RCTs

Medline
(Ebesco

Psychinfo
(Ebesco
interface)
N=45

interface)
N=23

|

Total identified N= 68

J

After duplicates removed in
endnote N=55

J

Association for contextual behavioural sciences website
list N= 4 (those not already identified)

Excluded n=38

y

Title and abstract review

Not RCT n=24

Not ACT n=13

N=59

J

Full text review

No CMD / Wellbeing outcome
measure n=1

Excluded n=11

N=21

Total included

N=10

Participants and Condition

All participants were self-selected. Of the participants, 2 RCTs
wererecruited from aclinical population (pain clinics) [49,50],
2 from an undergraduate student population [47,48] whereas
the remainder were recruited from the general population
[29,36,45,46,51]. Trias ranged in size from 38 to 236
participants. Three RCTs included more than 100 participants.
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Not an RCT n=3
Not web-based n=3
Not ACT n=1

No CMD / Wellbeing outcome
measure n=1

No data to calculate ES n=1

Book / thesis n=2

Five interventions were primarily designed to manage and
reduce depression and depressive symptoms [36,45,46,51,52]
of which one specifically focused on depression in smokers
[36], one targeted psychological distress [45], one well-being
[46], two chronic pain [49,50], and one tinnitus [29]. All
included pre- and post-outcome measures for a CMD,
specifically anxiety or depression.

JMed Internet Res 2016 | vol. 18 | iss. 8 [e221 | p.129
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Methods to confirm a diagnosis of primary condition varied.
Medica examination and telephone screening [49],
computerized screening interview combined with a structured
telephone interview [50-52], computerized screening followed
by telephone interview and face-to-face meeting plus amedical
confirmation of tinnitus [29], self-assessment questionnaires
[36], structured clinical telephone interview [45,46], and none
[47,48].

Outcome M easures

A range of outcomes measures were utilized across each RCT
whichincluded, Hospital and Depression Scales (HADS), Beck
Depression Inventory (BDI), Beck Anxiety Inventory (BAI),
Anxiety and depression detector, Depression Anxiety Stress
Scales (DASS), and Center for Epidemiologic Studies
Depression Scale (CES-D). A range of secondary of measures
were also used for quality of life and psychological distress,
Quality of Life Inventory (QOLI), general health Questionnaire
12 items (GHQ-12), Symptom checklist 90 items (SCL-90),
and the Menta health Continuum Short Form (MHC-SF). A
range of ACT specific outcomes were measured in 7 of the
included articles, Avoidance and Inflexibility Scale (AlS),
Acceptance and Action Scale (AAQ-1I), Five Facet Mindfulness
Questionnaire (FFMQ), Psychologicd Inflexibility Scale (PIPS),
Engaged Living Scale (ELS), plus an ACT knowledge
guestionnaire (Multimedia Appendix 4).

ACT Intervention

Eight separateinterventionswere identified (Depressionshjal pen,
webQuit.org, ACT, Living to the Full, Living with pain, The
Good Life compass, ACT-CL, and one unnamed), 2
interventionswere utilized in 2 different RCTs (The Good Life
compass and ACT-CL). Of which, one was a progression of the
first and included additional ACT components [47]. Nine used
ACT as the sole therapeutic approach and one [51] used
behavioral activation in combination with ACT.

All provided details of the ACT characteristics employed. Four
specifically stated that they included modules that attended to
all of the 6 core principles of ACT [36,45,50,52]. Two studies
used 4 core principles [46,49]. Three studies employed 3 core
principles [29,47,51]. One study used 2 core principles [45].
Thetwo Levin et al studies[47,48] ACT-CL were described as
prototype interventions exploring feasibility and acceptance.
All included mindfulness, experiential exercises, or metaphors,
whereas 4 stated they included a maintenance plan for
participants (Multimedia Appendix 5).

A total of 3 interventions were automated, that is, no guide or
coach was involved in the delivery of the therapeutic program
[36,47,48] and the remainder were guided interventions
(therapists or coaches assisted and supported participants
throughout the delivery of the intervention program). Of the 7
guided interventions, the “ guide” was a combination of trained
psychologists and psychology graduate students (n=2) or
graduate psychology students (n=5). Two of the interventions
provided additional support to the clinical guide. One included
an administrator and the other acomputer technician, both could
be contacted if required. The guides provided clinical support
in avariety of ways, written secure messages and feedback via
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the system (n=5), written feedback via email (n=2) and verbal
communication over the telephone (n=3). Of which, one was
to deliver support and guidance and two acted as reminders to
complete the next module in the program. All contact was
asynchronous. Of the 3 automated interventions, 2 stated that
they provided automated feedback. One intervention provided
an additional workbook and a CD, one included a face-to-face
meeting at the start and end of the treatment, and one reported
aface-to-face meeting prior to commencement of intervention.
A total of 6 of the 7 RCTs identified the number of therapists
involved in the delivery of the ACT intervention, therapist
numbers ranged from 2 to 18.

Intended duration of ACT interventions varied between 3 and
12 weeksin length (M=7.4, SD=3.06) and interventionsincluded
between 2 and 9 modules (M=6.4, SD= 2.5).

System Features

In aWeb-based context, the featuresincorporated into the design
of the intervention and computerized system, are of interest as
they have the potential to influence engagement and adherence
[53]. Email reminders were included in 4 RCTs [46-48,52],
short message service reminders [45,48,49,52] and homework
tasks were incorporated into 6 RCTs [29,45,47,49-51].
Progression through the program was controlled by either the
system or the guide, depending on successful completion of
prior modulesin 7 systems. Telephone reminders were used in
3 guided interventions to prompt use and encourage continued
engagement with the program [46,47,49], personalized feedback
on receipt of homework assignments was provided in 5 of the
interventions[45-48,52], and the option to personalize the home
pagewas availablein one[52]. None of them included any type
of socia networking feature.

A total of 8 interventions were designed to be accessed in a
sequential manor, in which modules were to be completedin a
predetermined order. Oneintervention [46] allowed participant’s
free navigation of the system, meaning participants could access
and complete modulesin any order they decided. However, the
recommendation was to work through the modules in the
suggested order. One intervention did not report format [36].

Adherenceto Protocol, Usage Data and Satisfaction

Adherence was cal cul ated as a percentage of those randomized
to the intervention that also completed postassessment. Nine
RCTsreported adherence data, adherence ranged between 48%
and 100% (M=82.6%, SD=17.8) and adherenceto control ranged
between 53.1% and 100% (M=83.4%, SD=16.4%) the control
group selected was the active treatment not WLC.

A total of 7 RCTsreported datausage. The datareported varied.
Potset al [52] reported the mean number of completed modules.
Carlbring et al [51] reported the number of participants who
did not complete any modules, 16% in the CBT condition, and
6% in the ACT condition. Jones et al [36] reported website
usage; usage in the ACT condition was significantly higher
compared with the control condition (21.7 minutes per login vs
9.4 minutes). Lappalainen et al [46] reported average time spent
per week, 50% of participants spent |ess than one hour aweek,
38.9% spent 1-2 hours and 11.1% spent more than 2 hours.
Levin et a [47] reported the percentage of participants
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completing each module, 85% completed lesson 1 and 55%
completed lesson 2. Trompetter et al [50] reported module
completion, 72% completed 6 modules and 66.2% completed
all 9 modules. Levin et a [48] reported a summary of program
usage across both intervention and control conditions, 92%
completed both modules and spent on average 81.98 minutes
using the program.

Satisfaction with treatment is also of importance for adherence
and engagement within a Web context. Six RCTSs reported a
measure of participant satisfaction, of which, 2 focused on
system usability [36,45-48,50].

Meta-Analysis

The number of studies used in the between-group meta-analyses
were k=10, k=7, and k=8 for the depression, anxiety, and quality
of life outcome measures, respectively. For the within-group
meta-analyses, these were k=9, k=7, and k=8.

Studies generally presented the mean and standard deviation of
participants' scoresin each outcome measure. The one exception
to this was Jones et a [36] whose data on the depression
outcome measure was dichotomized, meaning it was not possible
to calculate Hedges g directly. Thus Jones et a [36] was
included in the between-group summary effect size calculation
but could not be included in the within-group category, as the
odds ratio is undefined for this category.

With regard to the between-group summary effect sizes, the
effect size for the depression outcome was small and in favor
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of ACT with g=0.24. This was also shown to be statistically
significant with P=.02 as was the proportion of heterogeneity

attributed to true effects, 1°= 55%. The effect size for anxiety
was dtatistically significant. However, it fell short of the lower
limit for small effect size with g=0.18, P=.03. Heterogeneity
for this outcome measure did not reach statistical significance
P=.49, with the same being true for both the effect size and
heterogeneity for the quality of life outcome measure. Summary
effect sizes belonging to the between-group category are shown
in Multimedia Appendix 6.

However, the within-group category demonstrated that
participants’ scoresimproved greatly between time points over
all outcomes, as displayed in Multimedia Appendix 7. Effect
sizesfor both the depression and anxiety outcomeswere medium
in magnitude with g=0.73 and 0.51, and the quality of life
outcome attained a small effect size of g=0.44, all of which
were statistically significant P=.001; P<.001 respectively. The
depression and anxiety outcomes also indicated high proportions
of heterogeneity between studies with 12 > 75% whereas ,the
quality of life outcome showed a medium proportion of
heterogeneity, al of which were also statistically significant
with P<.001. Figure 3 shows the forest plot for the depression
summary effect size for ACT interventions versus comparison
groups.

It was not possible to calculate any summary effect sizes at
follow-up dueto alack of published data.

Figure 3. Forest plot produced in MATLAB for the depression outcome measure in the between-group meta-analysis. The x-axis units are in Hedges'

g.
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Risk of Bias included, 4 (40%) were judged to be of low risk of bias

The risk of bias judgment for each study was made on the
information provided in the publication only. Of the 10 studies
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[29,46,49,52], one (10%) of high risk [36], and an unclear risk
of biaswas assigned to 5 (50%) [45,47,48,50,51] of theincluded
studies. Figure 4 shows the risk of bias summary.
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Figure 4. Risk of bias summary per domain.
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Discussion

Overall Findings

The aim of this study was to examine the published,
peer-reviewed literature pertaining to the effectiveness of ACT
in the management of CMD and well-being in a Web-based
delivery format. Ten RCTs met inclusion criteria. A total of 5
studies focused on depression, 1 on psychological distress, 1
onwell-being, 2 on chronic pain, 1 oneon tinnitus. All included
pre- and post-outcome measures for anxiety, depression, or
quality of life. The maority compared against an active
comparator or active comparator plus wait list control.

Principal Results

ACT delivered via a Web-based format is effective for the
management of depression (small effect size) and anxiety (which
neared the threshold for a small effect size). Web-based ACT
interventions were not found to be effective for improving
quality of life. Dueto lack of published data effect size was not
calculated for follow-up effects.

Findings support ACT in a Web-based delivery format for the
management of depression. Review of those RCTs focused on
depression as the primary outcome [36,45,46,49,51] revealed
that ACT was more effective than control, where control was
either WLC or an active control. For example, Carlbring et al
[51] reported a large effect size and 25% of participants
experienced clinical recovery posttreatment. Low dropout and
good engagement were reported. On average, participants
completed 5 of the 7 modul es. Lappalainen et al [45,46] reported
Web-delivered ACT was effective over and above face-to-face
delivery and WL C with differential outcomesidentified in favor
of the Web-delivered intervention. Furthermore, treatment
effects were maintained at follow-up although they did level
out in-line with the WLC. Pots et al [52] reported significant
effect of ACT compared to both WL C and an expressive writing
condition that were maintained at follow-up. Finally Jones et
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al [36], while not finding a statistically significant difference,
reported positive benefit of ACT over attention control
conditions coupled with good user satisfaction for the
intervention in a depressed, smoking population. This
nonstatistical finding was likely limited by the use of only one
depression screening question. All of these studies identified a
need for further research and each waslimited by small sample
sizes. Current findings are in line with those of prior reviews
of ACT, Ost [22] reported that ACT was “ possibly efficacious
for depression.” Five studies primarily targeting depression
were reviewed of which, none were Web-based, and three were
compared with treatment as usual. Comparing the current effect
size for depression against Ost’s [22] overall effect size for
active comparators (across all subsamples) the current findings
are in-line (g=0.24) however this compares less favorably for
overal WLC comparison (g=0.63) but are in-line with those
reported by Ruiz (g=0.27) [20].

The effect sizefor anxiety was statistically significant, although
it only neared the threshold for a small effect size (g=0.18).
There are a number of reasons that might contribute an
explanation to this observation of lower effect size. None of the
included interventionswere primarily designed to treat anxiety;
in each case the secondary outcome measure was included. In
addition, where pretreatment anxiety scores were low, this
limited potential improvement. Furthermore, only 7 of theRCTs
included an outcome measure that could be included in the
effect size calculation for anxiety. However, Pots et a [52]
reported that ACT had positive outcomes for anxiety aswell as
depression. In prior review findings when ACT was compared
with CBT, effect sizes for anxiety did not meet statistical
significance[20]. Sharp [23] reviewed ACT specifically for use
with anxiety disorders and concluded that data provided
preliminary support.

ACT was not found to be effective in delivering improvements
in quality of life. However, as with anxiety, none of the
interventions specifically targeted quality of life and 2 did not
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include an outcome measure that could be included in the
meta-analysis calculation [36,47]. Both of the RCTSs reported
by Levin et a [47,48] werefocused on feasibility of ACT inan
undergraduate population and contained the fewest number of
ACT components of all interventionsreviewed (theintervention
was detailed to be underdevelopment and acknowledged it
contained fewer elements). The most recent one of these
reported equivalence in outcomes for ACT to the attention
control website and lower program usage. However, their
analysis of usage patterns suggested that those who engaged
more with ACT experienced more positive outcomes and
increased psychological flexibility. This was in comparison
with their earlier findings that suggested strong acceptability
and feasibility. Thelimited focus on quality of life or well-being
isinlinewith findingsidentified by Ost [22], where noincluded
studies used them as the primary outcome measure. However
in the review by Ruiz [20] an effect size (g=0.25) was reported
which is higher than that found in the current data. This could
be attributable to a few things arguably, while quality of life
and well-being can be compared, they are not necessarily the
best fit.

Variation in intervention features, delivery format (guided or
automated), and study context warrants discussion. For example,
The Levin et a studies [47,48] included fewer modules that
were available for a shorter period of time, did not conduct
preassessment screening and participants received a financial
reward for their participation. Jones et al [36] unguided
intervention included one preassessment depression screening
guestion. Opportunitiesfor improvement, detection of disorders
and effect sizesmay be underestimated, due to use of screening
guestionnaires that have not been validated at baseline.
Lappalainen et a [45,46] in contrast utilized multipletherapists
to guide participants. Guided interventions, using CBT, are
associated with higher effect sizes.

The primary goal of ACT isto improve psychological flexibility.
Psychological flexibility in the context of ACT has been defined
as “the measure of how a person (1) adapts to fluctuating
situational demands, (2) reconfigures mental resources, (3) shifts
perspective, and (4) balances competing desires, needs, and life
domains’ [54]. Examination of ACT specific outcome measures
identified improvements in psychological flexibility. Jones et
al [36] reported significant improvements in willingness to
experience physical triggers and a trend toward willingness to
experience emotional triggers (A1S); Lappalainen et al [45,46]
reported significant effect in mindfulness skills and
psychological flexibility in both face-to-face and Web-based
delivery of ACT (using AAQ-I1) asdid Pots et al [52] with the
exception of improvements on the mindful ness facet. However
Levin et a [47,48] did not find any significant effect on FFMQ
measure or AAQ-Il but did report improvements in ACT
knowledge. Trompetter et a [50] reported significant
improvements at three- and six-month follow-up (FFMQ-SF)
and 6 months on PIPS. Although mixed, these findings suggest
support for ACT in improving psychological flexibility.

It isimportant to consider Web-based delivery format initsown
right, thisisin light of the recent expansion of interest into this
field (ACT), evidenced by the multitude of protocol and
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feasibility studiesidentified during thisreview and through the
ACBS website.

The secondary aim of this review was to report rates of
adherence to Web-based interventions employing ACT as the
therapeutic approach. Poor adherence to Web-based mental
health interventions is of widespread concern and is well
documented in theliterature [53,55-57]. Poor adherence hasthe
potential to limit effectiveness[58] and reduce cost effectiveness
[59] which is a key benefit of this delivery format. The mean
rate of adherenceto protocol (82.6%) was higher than published
means for CBT based interventions where dropout rates range
from 2% to 83% [60] and was comparable to the rates of
adherence for the control groups (83.4%). Adherence was
caculated as a percentage of those randomized to the
intervention and completed postassessment. However reported
rates of completion rates remained lower (68.4%). Four
interventions [47,48,50,52] specified that they included
stakeholders in the design and devel opment process to address
adherence, or specifically employed persuasive design features
in abid to encourage adherence and engagement. For example,
Pots et al [52] incorporated persuasive technology (but did not
specify which) in the design of their intervention, adherence
and engagement was reported to be high (73% of participants
completed al 9 modules); whereas Levin et al [47] utilized a
“tunneled” format. Tunneling refers to using the computerized
system to guide users through the therapeutic content in a
predefined order, ensuring opportunity to persuade along the
way [61]. Such initiatives may help to promote and increase
adherence. Couper et a [62] report that higher engagement with
theintervention program and Web-based materialsis associated
with increased likelihood of adherence to study protocols,
follow-up data collection points and importantly, changes in
health behavior (fruit and vegetable intake study); Strecther
[63] reported similar findings in a smoking cessation study
where quit ratesincreased for each additional webpage opened.
Although these studies did not employ ACT, it is feasible that
the same association could be important across all therapeutic
interventions delivered via a Web-based format. Indeed,
Trompetter et al [50] noted the increasing need to address this
issue in a Web-based context.

Limitations

There are several limitations to note, such as the variety of
outcome measures used in each RCTs may limit the usefulness
of the findings. For example, on the quality of life effect size
measure 2 studies did not report any outcome measures and a
further 2 used a Symptom Checklist 90 (SCL-90) which is
considered a measure of well-being as opposed to quality of
life. Furthermore, a higher score on the SCL-90 represents|ower
well-being as opposed to Quality of Life Inventory (QOLI) and
Mental Health Continuum Short Form (MHC-SF) where a
higher score represents higher quality of life. However, this
differencein scoring was adjusted for in the statistical analysis.

Due to lack of published data for follow-up measures, a
follow-up effect size could not be calculated.

Due to the small number of included RCTs, meta-analysis by
design (eg, WLC or active comparator) was not possible. Of
the 10 RCTs reviewed, 3 included WLC, the remainder used
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either an attention control website, alternative intervention
(CBT, moderated discussion forum and expressive writing), or
face-to-face delivery format. In the instance where more than
one comparator group data was available [29,50,52] we
compared against the active treatment. This decision was taken
for anumber of reasons. Firstly, the majority of included RCTs
used active comparators so this was in line with the other
comparisons drawn. Secondly, active comparators represent the
most realistic real world aternative. For example, CBT as a
Web-based therapeutic treatment has a strong and
well-established evidence base [15,64] and interventions using
this approach are freely available (eg, MoodGYM) for the
treatment of depression and other CMD as are psycho-education
websites and online discussion groups. We acknowledge that
the diversity of comparators may limit the generalizability of
our findings. However, we feel this is a practical and useful
approach to adopt in the current review.

One study [51] was based on behavioral activation and ACT
and as such, the effects of the treatment intervention cannot
exclusively be attributed to ACT.

Theinterpretation of effect size magnitude (both between- and
within-group) used in this paper adheres to Cohen’'s
rule-of-thumb. However, concerning the interpretation of
within-group effect sizes, some authors prefer to opt for an
alternative classification [65]. Here small effects are classified
as 0.5 < g<0.8, medium effects as 0.8 < g<1.1 and large effects
as g = 1.1. When this classification is applied to the 3
within-group meta-analyses conducted in this paper then the
effect sizes for the depression and anxiety outcomes of g=0.73
and 0.51 arerecategorized as small, while the effect sizefor the
quality of life outcome of g=0.44 does not reach the threshold
for small effect size. However, statistical significance remains
unaffected in all the 3 cases.

Usage data were not reported in all RCTs, in the future
standardized reporting is recommended including agreement
on completion rate. For example, Karyotaki et al [66] advocate
intervention completion to be defined as, completion of 75%
or more of the total modules. Finally, publication bias and the
trend to report positive results over negative or neutral results
must be taken into consideration when reviewing the results of
the current meta-analysis. It is possible that our results are
overestimated as aresult. Wereviewed al relevant ACT RCTs
listed on the ACBS website to identify any further studies not
cited in our database searches.

Implications for Practice

Web-based delivery of interventions has undergone a recent
expansion in arange of health contexts, physical health, mental
health, and lifestyle behavior change. This brings with it new
considerations for the effective delivery of therapeutic
interventions. Increased interest in this delivery format stems
from the explosion in access to affordable personal mobile
devices that offer easy accessto the Internet from all locations
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with 3G or Wi-Fi coverage. Such easy and convenient
accessibility is thus one of the key advantages of this new
delivery format, coupled with the cost effectiveness associated
with its ability to facilitate widespread reach access across the
popul ation.

Further research into the use of ACT via Web-ddlivery, is
required to continue to explore its effectiveness and to
understand the most effective components for this delivery
context. Specifically those targeting anxiety and well-being
would be of benefit as positive well-being continues to grow
as an area of public interest and means to promote and prevent
poor mental health. Studies should focus on recruiting larger
populationsto avoid concernswith lack of statistical power and
to ensurewider generalizability of findings. Studies should also
seek to examine the long-term effect of ACT through inclusion
of follow-up periodsin future RCTs. In this systematic search,
9 protocol documents and 5 feasibility studies were identified
suggesting that this is a developing field of interest and that
evidence will expand in coming years. Thus, we provide afirst
review of the evidence.

Risk of bias assessment concluded that the majority of studies
had alow or unclear risk of bias and thus thereis potential for
future studies to ensure that they continue to report in line with
Cochrane recommendations to ensure the availability of best
quality evidence.

It is worth noting that the intervention used in Carlbring et a
[51] has since been utilized in subsequent RCT [67] but where
it is described predominately as iCBT. Thus, this study would
not have been identified in the current search strategy and, if it
had been identified through other sources, would have been
excluded at title-abstract stage due to variations in reporting of
the intervention components and its stated theoretical
perspective. While a sensitivity analysis, where we included
this study did not alter our findings (Multimedia Appendix 8),
this did highlight awider concern in this research field. Future
research into Web-based interventions, using all types of therapy
should consider the way in which they report and describe the
intervention and treatment. Consistent reporting of the
intervention across RCTs would allow assessment of any
differences in effectiveness of these types of programs (CBT,
ACT), which areclearly distinguished in thefield of psychology
intermsof their mechanisms of action. Thiswould also facilitate
the systematic review process as research in this area devel ops.

In addition, analyses of ACT-specific outcome measures are a
potential for further exploration.

Conclusion

ACT s efficacious for the treatment of depression in a
Web-based delivery format. Further research is required across
all mental health and emotional well-being domainsto continue
to devel op and review the evidence basein thisdelivery format.
Thisreview adds strength to this evidence base, across delivery
formats.
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Abstract

Background: Depression isthe most prevalent cause of illness-induced disability worldwide. Face-to-face psychotherapeutic
interventionsfor depression can be challenging, so thereisaneed for other aternativesthat allow these interventionsto be offered.
One feasible alternative is Internet-based psychological interventions. Thisis the first randomized controlled trial (RCT) on the
effectiveness of an Internet-based intervention on depression in primary health care in Spain.

Objective: Our aim was to compare the effectiveness of alow-intensity therapist-guided (LITG) Internet-based program and
acompletely self-guided (CSG) Internet-based program with improved treatment as usual (iTAU) care for depression.

Methods: Multicenter, three-arm, parallel, RCT design, carried out between November 2012 and January 2014, with afollow-up
of 15 months. In total, 296 adults from primary care settings in four Spanish regions, with mild or moderate major depression,
wererandomizedto LITG (n=96), CSG (n=98), or iTAU (n=102). Research completers at follow-up were 63.5%. The intervention
was Smiling is Fun, an Internet program based on cognitive behavioral therapy. All patients received iTAU by their genera
practitioners. Moreover, LITG received Smiling is Fun and the possibility of psychotherapeutic support on request by email,
whereas CSG received only Smiling is Fun. The main outcome was the Beck Depression Inventory-11 at 3 months from baseline.
Mixed-effects multilevel analysis for repeated measures were undertaken.

Results: There was no benefit for either CSG [(B coefficient=-1.15; P=.444)] or LITG [(B=-0.71; P=.634)] compared to iTAU,
at 3 months. There were differences at 6 months [iTAU vs CSG (B=-4.22; P=.007); iTAU vs LITG (B=-4.34; P=.005)] and 15
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months [ITAU vs CSG (B=-5.10; P=.001); iTAU vs LITG (B=-4.62; P=.002)]. There were no differences between CSG and
LITG at any time. Adjusted and intention-to-treat models confirmed these findings.

Conclusions: An Internet-based intervention for depression combined with iTAU conferred a benefit over iTAU aone in the

Spanish primary health care system.
Trial Registration:

http://mww.webcitation.org/6jbsUvUDZz)

(J Med Internet Res 2016;18(8):€231) doi:10.2196/jmir.5695

Clinicaltrialsgov NCT01611818; https://register.clinicaltrial s.gov/prs/app/action/Sel ectProtocol ?
sel ectaction=Edit& uid=UO001NPQ& ts=2& cx=gctdh2& sid=S0003K J6

(Archived by WebCite at

Introduction

Depression is the most prevalent cause of illness-induced
disability worldwide[1]. It isamong the most common reasons
for consulting a general practitioner (GP), and it carries
considerable persona and economic burden [2]. Antidepressants
are a common form of treatment for depressive patients in
primary care (PC) [3], but many patients would also like to
receive psychotherapy [4]. Psychological treatments for
depression are shown to be effective in PC, especialy when
GPs refer patients for treatment [5]. There is evidence that
psychological treatments achieve results as effective as those
achieved by antidepressant medication, reducing the number of
physician consultations and hospital days, and obtaining better
resultsin adherence, rel apse prevention, and reducing chronicity

[6].

Nevertheless, delivering faceto-face psychotherapeutic
interventions to a population is challenging given the lack of
specialized resources[7], so thereisaneed for other aternatives
that allow these interventions to be offered. One feasible
alternative is Internet-based psychological interventions [8].
The Internet offersaway of providing psychological treatments
for depression [9] that may even attract people who are reluctant
to usetraditional mental health services[10] because of barriers
such as possible stigmatization processes [11]. In general,
Internet-based psychological treatments seem to be effective
for the treatment of depression. Although the effects seem to
be more favorable for guided or assisted interventions [12-14],
stand-alone Internet-based treatments for depression have also
shown to be effective [15].

Until now, there have been no studies on the effectiveness of
Internet-based treatments for depression in the context of PC
in Spain. Therefore, the main objective of this study was to
compare the effectiveness of a low-intensity therapist-guided
(LITG) Internet-based program and a completely self-guided
(CSG) Internet-based program with improved treatment as usual
(iITAU) care for the treatment of major depression in PC in

Spain.
Methods

Hypotheses

The main hypothesiswasthat both Internet-based interventions,
CSG and LITG, would be more effectivein reducing depressive
symptoms than iTAU, in the context of PC at 3 months after
baseline. A secondary hypothesiswasthat, in the context of PC,
wherethereisamore frequent and closer contact with the GPs,

http://www.jmir.org/2016/8/e231/

the offer of additional help is unlikely to improve outcomes
when using Internet-based interventions.

Design

This study was a multicenter, three-arm, parallel, randomized
controlled trial (RCT). Adults presenting with depressive
symptomsin PC were randomized to receive either iTAU from
their GP or an Internet-based intervention program (Smiling is
Fun) for depression, in this case, either with psychotherapist
support (LITG) or without it (CSG). The trial protocol of the
study [16], the manual used to implement the program [17], and
a study on expectations of depressed PC patients have already
been published [18,19].

Recruitment of Participants and Baseline Assessment

We recruited patients with major depression, aged 18-65 years,
able to understand and read Spanish, with mild or moderate
severity symptoms according to the Spanish Beck Depression
Inventory-I1 (BDI-11) (14-19: mild depression; 20-28: moderate
depression) [20], with symptoms lasting longer than 2 weeks,
with access to Internet at home, and having an email account.
Major depression was identified using the MINI International
Neuropsychiatric Interview 5.0, which can establish major
depression diagnoses according to the Diagnostic and Statistical
Manual, version IV (DSM-IV) and International Classification
of Diseases [21,22]. We excluded patients who had been
receiving any psychological treatment during the previousyear,
those with severe psychiatric disorder in Axis | (eg,
alcohol/substances abuse or dependence, psychotic disorders,
dementia), and patients with severe depression (score =29 on
the BDI-II), who were referred by their GPs for treatment.

Participants were recruited in PC settings, between November
2012 and January 2014, in the Spanish regions of Aragon,
Andalusia, the Balearic Idands, and Valencia. GPs identified
potential participants through using acase-finding questionnaire.
Eligible individuals were then interviewed in the clinic within
thefollowing 3 days by an independent researcher, who assessed
inclusion and exclusion criteria, using the MINI psychiatric
interview and other questionnaires. Informed consent to enter
the trial was sought from patients who fulfilled study criteria,
followed by randomization, carried out by an independent
researcher. Patient safety was systematically monitored. The
Ethical Review Board of the regional health authority approved
the study on April 7, 2010 (ref: PI10/01083).

Randomization, Concealment, and Blinding

Participants were individually randomized using blocked
randomization to one of the three groups. Blocks were
administered in each of the regions, using acomputer-generated
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random number sequence. A person who had no other
involvement in the study managed the random allocation to
groups. This procedure was implemented through a remote
central telephone line. The sequence was concealed until all
individuals had been randomized. Although patients were not
informed of the group allocation, the nature of the intervention
meant that it was virtually impossible to keep this completely
blind. Study personnel conducting the outcome assessments
were blind to the participants’ allocation.

Follow-Up

Caollection of follow-up data took place between March 2013
and June 2015. Participants were assessed online at 3 (time-1),
6 (time-2), and 15 (time-3) months post-baseline assessment.
These moments deviated from the registered protocol.
Post-treatment evaluation was stated at 3 months after the
beginning of the intervention in order not to favor participants
in the intervention conditions who could take longer than the
estimated i ntervention duration comparing to control group. By
setting the same evaluation moments for all participants, we
ensured that measurements would be comparable. Participants
were sent an email with alink to an online platform that hosted
the questionnaires. No other protocols were used to increase
compliance with the research data collection, but a phone call
was made before each wave assessment to increase response
rates.

Control Group

All the patientsincluded in the study (whether in the control or
intervention arms) received i TAU. Thistreatment was provided
by their GPs, who had previously received a 3-hour training
program to update their knowledge on how to diagnose and
treat depressionin primary care, based on the National Institute
for Health and Care (NICE) guidelines[23]. Thetraining mostly
dealt with the appropriate use of antidepressants. In case of
suicide risk or severe social dysfunction, or if worsening of
symptomswas detected, patientswerereferred to mental health
facilities.

Intervention Groups

Smiling is Fun is an Internet-delivered, self-help program for
thetreatment of depression, based on similar programsthat have
proven effective in other countries [24]. The program consists
of 10 cognitive behavioral therapy modules, covering different
psychological techniques for coping with depression. These
modul es need to be completed in asequentia way. The program
recommends working on every modulefor at least aweek, with
the following modules: (1) Medication management
(psychoeducation 1), (2) Sleep hygiene (psychoeducation I1),
(3) Motivation for change (motivation), (4) Understanding
emotiona problems (psychoeducation 1), (5) Learning to move
on (behavioural activation), (6) Learning to be flexible
(cognitive therapy), (7) Learning to enjoy (positive psychology
1, (8) Learning to live (positive psychology I1), (9) Living and
learning (positive psychology |11), and (10) From now on, what
else? (relapse prevention). A more specific and detailed
description of the module contents can be found elsewhere
[16,17].
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Patients in the intervention groups were allocated to LITG or
to CSG Internet-based programs. In LITG, 4 trained
psychotherapists randomly contacted the patients by email to
offer help with any difficulties or problems encountered when
using the program. Patients could ask the psychotherapists
guestions or advice via email messages with a maximum of
three contacts over the treatment period. They could also ask a
technician for help to resolve problems of a technical nature.
In CSG, there was no contact with any therapist, and only
technical questions could be asked regarding the computer
program.

To maximize adherence, if participants did not access the
program for a week, they received an automated email
encouraging them to use the program and to compl ete the tasks
for each module. In addition, the program offered continuous
feedback to the users on their progressvia (1) a self-monitored
activity report, providing feedback on how their mood was
related to the activities performed, (2) the calendar, providing
feedback about homework and tasks already completed, and (3)
graphs and other feedback about activity levels, emotional
distress, and negative and positive emotionality.

Among those patients on medication, GPs and patients were
advised not to increase dosages in any of the three groups
(iITAU, CSG, LITG), but decreasing medication was permitted.

Instruments

Demographic Variables

We gathered sociodemographic data such as age, sex, living
with family or alone, level of studies (university vs secondary
or less), employment (employed vs unemployed), and income
according to national minimum wage, as well as clinical
variables such as taking antidepressant medication (yes vs no)
and the number of GP visitsin the previous 12 months.

Outcomes

The Spanish version of BDI-I1 [19], as a continuous variable,
was used as the primary outcome measure at time 1 (3 months
after baseline). The BDI-II is one of the most widely used
instruments to evaluate presence and severity of depressive
symptoms. It is a self-reported measure, which includes the
cardina cognitive, emotional, and somatic symptoms of
depression, and it can be linked to diagnosis from the DSM-I V.
The studies published show good agreement between BDI-II
and the clinical diagnosis of depression, and good psychometric
properties for the scale [25,26]. Scores can range from 0-63.

Secondary outcomes included the visual analogue scale (VAS)
of the EuroQol (EQ-5D) [27], in its Spanish version [28], and
the Short Form Health Survey (SF-12v1) [29], in its Spanish
version [30], as measures of health-related quality of life and
functioning. The VAS is a vertical line on which the best and
worst possible health states are scored 100 or zero respectively.
The SF-12 scoring algorithm yieldsaphysical component scale
and amental component scale, and both were used as continuous
variables applying Spanish norms, with a mean of 50 (SD 10)
[30].
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Sample Size

Estimated sample size in protocol was 450 participants [16],
but there were recruitment problems in one of the four
participant regions, Valencia, where there were multiple
stakehol ders, so the recruitment was delayed for more than one
year. In view of this, the steering committee of the project
decided to rule out recruitment in that region, repeating the
process of sample size calculation, according to the new
situation. This new power calculation was based on testing
differences between LITG Internet-based program and iTAU
care aone, and we based our sample size estimation on an
expected difference in the primary outcome of at least 0.5
standard deviation (SD) [14]. This size has been considered as
aclinically relevant criterion [24,31]. Previous PC studies of
depressed patients in England and Spain have found BDI-II
means and SDs of 22 and 12, respectively, but as our inclusion
cut-off points attenuate variability, we used an SD of 6. Thus,
adifference of 3 points across these two groups was our target
(around 15%). In order to detect this difference between LITG
and iTAU, assuming a common SD of 6 points, a 5%
significance level and astatistical power of 80%, we needed 63
subjects in each group. We expected a dropout rate of around
30%[12,32], so weinflated the numbersto reach atotal sample
size of around 300 patients (100 per arm). This change in the
number of participants was more realistic for the new situation
of recruitment.

Data Analysis

First, descriptive data were compared to assess the balance of
a number of variables across arms at baseline. All analyses
followed a pre-specified plan [16], based on the Consolidated
Standards of Reporting Trial (CONSORT) guidelines [33]
(MultimediaAppendix 1). The primary between-group analysis
was carried out on an intention-to-treat basis for BDI-I total
scores, using a multilevel mixed-effects analysis for repeated
measures, and cal cul ating regression coefficients (B), unadjusted
and adjusted for baseline scores, sex, and age [34]. Sensitivity
analyses were conducted to assess the effects of missing data.
Missing values were replaced by multiple imputations based
on chained equations, after ensuring that data were missing at
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random [35]. Secondary analysis comprised comparisons of
SF-12 Mental and Physical subscale scores, aswell as EuroQol
VAS scores using the same analytical strategy. Effect sizes
between groups were calculated by means of Hedge's g, and
group by timeinteractions (3 groups and 4 time points) through
chi-square tests, unadjusted and adjusted for baseline, sex, and
age, with the associated degrees of freedom of (r-1) x (c-1),
where r is the number of groups and c is the number of time
points. We also performed a Complier Average Causal Effect
(CACE) analysisto assess the impact of the number of sessions
on the outcome. We theoretically defined compliance as
attendance at >6 sessions, but we also performed a parallel
assessment of the impact for each session added separately.

We used two-sided tests at the 5% significance level, taking
into account Bonferroni’s criterion whenever therewere multiple
comparisons. All the analyses were performed with Stata 12.

Results

A total of 46 GPs took part in the study. Of 397 potential
participants, 296 were randomized (see Figure 1), with 102
allocated to iTAU, 98 to the CSG, and 96 to the LITG. The
randomized groups were well balanced in all variables at
baseline (Table 1). Recruitment varied across regions. 126
participants from Aragon, 106 from Andalusia, 44 from the
Balearic Islands, and 20 from Vaencia. Follow-up primary
outcome datawere obtained for 239 (80.7%) of the participants
at Time 1, 210 (70.9%) at Time 2, and 203 (68.6) at Time 3.
There were no significant differences among groups in terms
of attrition rate (iTAU=34.3%; CSG=41.8%; LITG=33.3%;
)(22:0.42; P=.812). Only agewas significantly related to attrition
(at Time 3) [completers (n=203): mean 44.28 years (SD 10.22)
vs missing (n=93): mean 39.99 years (SD 10.01); P=.001]. No
basdline-level differencesin other sociodemographic or primary
or secondary outcomes were observed between completersand
non-completers at different waves, so dropouts were considered
as to be random [36]. The median depression severity across
all groupsin BDI-I at baseline was 23, which broadly equated
with a depression of moderate severity [20].
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Table 1. Baseline characteristics of participants across groups.

Montero-Marin et a

Characteristics at baseline iTAU, =102 CSG, n=98 LITG, n=96
Sociodemographics
Age, mean (SD) 43.04 (9.66) 42.57 (11.94) 43.19 (9.30)
Sex female, n (%) 76 (74.5) 72 (73.5) 76 (79.2)
Living with family, n (%) 92(90.2) 90 (91.8) 82 (85.4)
University education, n (%) 30(29.4) 29 (29.6) 32(33.3)
Employed, n (%) 54 (52.9) 51 (52.0) 52 (54.2)
Income, n (%)
<1 national minimum wage 27 (26.5) 34 (34.7) 22(22.9)
1-2 national minimum wage 42 (41.2) 33(33.7) 40 (41.7)
23 national minimum wage 33(324) 31(31.6) 34(35.4)
On medication, n (%) 91 (89.2) 84 (85.7) 88 (91.7)
Number of GP visits, median (Q1-Qs) 5(2-8) 5(3-10) 5(3-8)
Clinical measures
Depression severity
BDI-II, mean (SD); 22.18 (5.25); 22.33 (4.85); 22.36 (4.91);
median (Min to Max) 23 (14-28) 23 (14-28) 23 (14-28)
Perceived health
EuroQol VAS, mean (SD); median 57.04 (15.77); 55.45 (19.23); 56.04 (18.34);
(Min to Max) 57 (20-90) 50 (10-100) 60 (0-100)
Physical Health SF-12, mean (SD); median ~ 48.87 (11.26); 4852 (11.61); 48.60 (11.16);
(Minto Max) 49.47 (23.52-66.60) 49.87 (16.76-65.59) 50.99 (26.12-66.43)
Mental Health SF-12, mean (SD); 28.71 (10.43); 28.03 (9.33); 28.60 (8.91);

median (Min to Max)

26.68 (10.51-55.69)

26.16 (5.53-56.02)

26.83 (14.09-56.09)
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Figurel. Flow diagram.
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Primary outcome completed: 77
(75.5%)

Primary outcome incomplete: 4
(3.9%)
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- Withdrawn from study (n=11)
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Primary outcome completed: 64
(65.3%)
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- No response (n=16)

Primary outcome completed: 69
(71.9%)
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- No response (n=9)
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(70.8%)
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- No response (n=13)

Primary Analyses

There were no clear differences between either CSG or LITG
compared with iTAU at Time 1 (Table 2). However, there were
differences between iTAU versus CSG, and iTAU versusLITG
at Time 2 and at Time 3, with both computerized interventions
performing better than usual care. There were no significant
differences between CSG and LITG at any time. The adjusted
model s confirmed these findings (Table 2). Model swith missing
values replaced through multiple imputations showed small

http://www.jmir.org/2016/8/e231/

reductions in regression coefficients, but the main differences
remained unaltered: Time 2, iTAU vs CSG (B=-2.91; P<.001);
iTAU vs LITG (B=-3.97; P<.001); Time 3, iTAU vs CSG
(B=-3.69; P<.001); iTAU vs LITG (B=-4.26; P<.001). In
keeping with the above results, there was a significant group x
time interaction (unadjusted: X%=19.23; P=.003; adjusted:
X%=21.27; P=.001; imputed: X%=343.16; P<.001). The CACE
analysis and the estimated additional intervention effect per
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sessions attended also showed there was an additional benefit

Table 2. Primary outcome analysis with observed data®.

Montero-Marin et a

with more sessions attended (Table 4).

iTAU (a) CSG (b) LITG (¢) g P B g P B g P B
mean (SD) mean(SD) mean(SD) (ab) (ab) (95%Cl) (ac) (ac) (95%Cl) (b-c) (b-c) (95% ClI)
(arb) (ac) (b-c)
BDI-II n=67 n=57 n=64
TimeO 21.76 22.59 21.73
(5.39) (4.78) (4.83)
Timel 17.91 16.59 17.08 012 444 -115 0.08 .634 -0.71 -0.05 .764 0.44
(11.06) (10.60) (10.24) (-4.08 (-3.61 (-2.45
t0 1.79) t0 2.20) t0 3.34)
Adjusted 359 -1.35 613 -0.74 674 061
(-4.23 (-3.60 (-2.23
to 1.54) t02.12) to0 3.45)
Time2 18.12 14.27 13.56 034 .007 -4.22 038 .005 -4.34 0.07 .938 -0.12
(12.15) (20.00) (11.56) (-7.28 (-7.36 (-3.14
t0-1.16) t0-1.33) t0 2.90)
Adjusted .003  -455 .004 -431 862 0.26
(-7.56 (-7.27 (-2.70
to -1.55) to-1.35) t03.22)
Time3 16.72 11.53 11.39 048 .001 -5.10 0.48 .003 -4.62 001 .758 0.48
(10.97) (10.72) (10.96) (-8.20 (-7.66 (-2.57
t0-1.99) t0 -1.58) to 3.54)
Adjusted <.001 -547 .002 -4.62 574 0.86
(-8.51 (-7.61 (-2.14
t0-2.42) to-1.63) to 3.85)

8y: Hedge's g as an effect size measure; B: regression coefficients; adjusted: adjusted analysis controlling baseline, sex, and age; a-b: iTAU vs CSG
comparison; ac: iTAU vs LITG comparison; b-c: CSG vs LITG comparison.

Secondary Analyses

Results with the Mental SF-12 showed a similar pattern of
differences as in the primary outcome (Table 3). Analysiswith
imputed values attenuated coefficients but the main differences
were maintained: Time 2, iTAU vs CSG (B=4.79; P<.001);
iTAU vs LITG (B=4.76; P<.001); Time 3, ITAU vs CSG
(B=4.63; P<.001); iTAU vsLITG (B=5.54; P<.001)]. Similarly,
group x timeinteractionswere observed (unadjusted: )(26:27.05;
P<.001; adjusted: x%=31.01; P<.001; imputed: x%=422.56;
P<.001), and there were also dose-response effects associated
with the number of sessions (Table4). Therewere no differences
across arms for Physical SF-12 at any time (Table 3). Some
differences were found between iTAU vsLITG at Time 2 and

http://www.jmir.org/2016/8/e231/

Time 3 when using EUROQOL (Table 3), which were
confirmed with adjusted and imputed models: imputed Time 1:
B=2.49; P<.001; Time 2: B=7.26; P<.001; Time 3. B=7.66;
P<.001. At Time 3, there were also EUROQOL differences
between iTAU vs CSG in the adjusted model. Using imputed
data, these differences were also seen at earlier times (Time 2:
B=3.78; P<.001; Time 3: B=5.30; P<.001). When imputing
values, we also found differences between CSG vs LITG at
Time 1 (B=2.75; P<.001), Time 2 (B=3.48; P<.001), and Time
3 (B=2.35; P<.001). Group x time effects were not found with

unadjusted data (x26=11.10; P=.085), but there wereinteractions
with the adjusted (x%=12.88; P=.045) and imputed (x%:=219.54;

P<.001) models. Dose-response effects were also found (Table
4).
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Table 3. Secondary outcome analyses with observed data®
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iTAU (8 CSG (b) LITG(c) g P B (95% ClI) g P B (95% Cl) g P B (95% ClI)
mean (SD) mean (SD) mean (SD) (ab) (ab) (ab) (ac) (ac) (ac) (b-c) (bc) (b-¢)
Mental SF-12 n=64 n=55 n=64
TimeO 29.13 28.59 27.95
(11.18) (8.90) (8.78)
Time 1 3541 34.72 36.97 006 .380 -1.83 -0.13 .682 0.85 -0.18 216 263
(12.19) (12.46) (12.57) (-5.91 (-3.20 (-1.54
to 2.25) t0 4.89) to 6.80)
Adjusted 341 -1.94 589 1.10 187 3.01
(-5.94 (-2.87 (-1.06
to 2.06) to 5.06) to 7.07)
Time 2 36.05 42.35 42.22 -0.53 .003 6.49 -048 .005 597 001 .801 -0.56
(12.38) (11.03) (13.24) (2.26 (1.80 (-4.89
t0 10.72) t0 10.13) t0 3.78)
Adjusted .002 6.67 002 641 .863 -0.37
(253 (2.33- 10.49) (-4.59
t0 10.81) to 3.85)
Time3 36.35 43.44 43.65 -059 .002 6.78 -057 .003 6.53 -002 901 -0.28
(12.12) (11.66) (13.41) (2.46 (2.29 (-4.69
to 11.11) t0 10.76) t0 4.12)
Adjusted .001 7.03 .001 7.09 .989 -0.03
(2.80 (2.95 (-4.31
t0 11.26) t0 11.24) t0 4.25)
Physical SF- n=64 n=55 n=64
12
TimeO 48.74 47.83 47.98
(11.67) (12.29) (10.87)
Timel 47.91 48.84 49.20 -0.08 443 1.13 -0.12 .638 0.69 -0.03 .760 -0.44
(10.31) (11.89) (10.58) (-1.76 - 4.02) (-2.17-3.54) (-3.26 -
2.38)
Adjusted 382 123 542 0.85 799 -0.35
(-1.53 - 4.00) (-1.89 — 3.60) (-3.02-
2.33)
Time2 47.56 47.42 46.87 001 .820 0.35 0.06 .906 -0.18 0.05 .727 -0.52
(10.74) (12.18) (10.79) (-2.66 (-3.13 (-3.46 -
t0 3.35) t02.77) 241)
Adjusted .677 061 946 0.10 727 -0.49
(-2.26 (-272 (-3.27-
t0 3.47) t02.92) 2.28)
Time3 47.53 47.65 48.05 -0.01 .864 0.27 -0.05 .655 0.68 -0.04 781 0.42
(11.78) (11.89) (9.85) (-2.81 (-2.32 (-2.56
t0 3.34) to 3.68) t0 3.41)
Adjusted .830 0.32 620 0.73 755 045
(-2.61 (-2.14 (-2.37
to 3.25) t0 3.59) t0 3.27)
EuroQol n=66 n=57 n=65
VAS
TimeO 57.80 53.56 57.46
(15.81) (20.05) (18.23)

http://www.jmir.org/2016/8/e231/

RenderX

JMed Internet Res 2016 | vol. 18 | iss. 8 [e231 | p.147
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Montero-Marin et a

iTAU (a) CSG (b) LITG() g P B (95% ClI) g P B (95% CI) g P B (95% ClI)
mean (SD) mean (SD) mean (SD) (ab) (ab) (ab) (ac) (ac) (ac) (b-c) (b-c) (b-c)
Timel 62.12 63.11 65.85 -0.05 924 0.30 -0.19 418 255 -0.13 495 224
(18.12) (21.61) (21.34) (-5.91 (-361 (-4.19
t0 6.52) to0 8.70) to 8.66)
Adjusted 816 0.71 385 2.66 541 194
(-5.32 (-3.33 (-4.28
t0 6.75) to 8.64) t0 8.17)
Time2 62.33 65.81 69.83 -0.16 152 4.73 -036 .016 7.73 -0.19 381 299
(20.83) (21.44) (20.22) (-1.73 (1.38 (-3.70
t0 11.19) to 14.09) t0 9.68)
Adjusted .088 5.45 013 7.84 478 234
(-0.81 (1.68 (-4.13
to 11.71) to 14.01) to 8.81)
Time3 62.59 68.89 72.45 -029 .028 7.39 -054 .014 810 -0.18 .842 0.69
(20.37) (22.79) (15.93) (0.82 (1.65 (-6.09
t0 13.97) to 14.54) t0 7.47)
Adjusted 011 831 010 819 970 -0.13
(1.94 (1.95 (-6.68
to 14.44) to 14.44) t0 6.43)

8y: Hedge's g as an effect size measure; B: regression coefficients; adjusted: adjusted analysis controlling baseline, sex, and age; a-b: iTAU vs CSG
comparison; ac: iTAU vs LITG comparison; b-c: CSG vs LITG comparison.

Table 4. Dose-response in primary and secondary outcomes.

Variables Raw? Adjusted® Imputed®
B P B P B P

BDI-I1

CACE andlysist -6.93(-12.52t0-1.33) .016 -7.24(-12.33t0-2.15) .006 -8.07 (-942t0-6.72)  <.001

Effect per session -0.65(-1.18t0-0.13)  .015 -0.68(-1.16t0-0.20)  .006 -0.73(-0.85t0-0.61)  <.001
Mental SF-12

CACE andlysist 9.42 (3.08t0 15.75) .004 10.27 (4.01t016.52)  .001 1059 (9.05t012.12)  <.001

Effect per session 0.89 (0.29t0 1.48) .004 0.97 (0.38t0 1.56) .001 0.95 (0.82t0 1.09) <.001
Physical SF-12

CACE andlysist 0.01 (-5.71t0 5.74) .996 0.65 (-3.8510 5.16) 776 0.29 (-1.07 to 1.64) 676

Effect per session <101(-054t00.54)  .996 0.06(-0.36t00.49)  .775 0.03(-0.10t00.15)  .676
EuroQol VAS

CACE andlysist 1144 (0.76t022.12)  .036 1218 (2.22t022.13)  .017 13.12 (10.58t0 15.66)  <.001

Effect per session 1.08 (0.08 to 2.07) 034 1.15(0.22 to 2.07) 016 1.18(0.96 to 1.41) <.001

8Using raw models.

bAdj usting baseline, sex and age.

CUsing imputed data.

dCompl iance as attendance at >6 sessions. B: regression coefficients. Controls were considered as receiving 0 sessions.

Internet-Based Program Usage

At Time3, 72.4% (n=71) of CSG participantsand 75.0% (n=72)
of LITG participants had accessed the Internet-based programs
(x?,=0.35; P=.556). In CSG, the median number of modules

http://www.jmir.org/2016/8/e231/
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completed was 4 (interquartile range: 0-10), with 41.8%
attending >6 modules; 30 participantsin this group completed

sessions. In LITG, the median number of modules completed
was 6 (interquartile range: 0-10), with 50.0% attending >6
modul es and 40 participants compl eting 10 modules. Therewas
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no significant difference between CSG and LTIG in terms of
modules completed (Z=-1.20; P=.228). A total of 17 email
contacts were made with 13 participants of the LITG program,
which represented 11.9% of the patientsin this group. Support
requests were monitored, and acontent analysis of them showed
that the topics were related to (1) requesting information on
depressive symptoms, (2) counseling with regard to events and
difficulties in life, and (3) additional support to follow the
program recommendations. As per protocol, CSG received no
email contact from therapists.

Other Treatments Received

Most of the participants received drug treatment (Table 1). There
were no major differences in the use of medication (as a
dichotomous criterion of drug intake) across groups (iTAU:

80.6%; CSG: 68.3%; LITG: 67.6%; X*=3.67; P=.160). The
same pattern was found for the use of mental health services,
psychiatrist and/or psychologist (iTAU: 29.9%; CSG: 19.7%;
LITG: 18.8%; )(22:3.09; P=.214), and number of visits to the
GP [iTAU: median=2 (Q;=0; Qs=4); CSG: median=1 (Q,=0;
Q;=3); LITG: median=1 (Q,=0; Qs=4); x*=0.22; P=.643].

Discussion

Principal Findings

Asfar asweareaware, thisisthefirst RCT on the effectiveness
of an Internet-based intervention for the treatment of depression
in PC health servicesin Spain. Other Web-based interventions
for treating depressive symptoms in the Spanish language have
been developed in Mexico [37] and Chile [38], but the efficacy
of theseinterventionsin reducing depressive symptoms has not
yet been evaluated in an RCT. Therefore, this tria is novel in
that it allowed the testing of a new Spanish program (Smiling
is Fun), which adapted some of the techniques used in other
available programs [24,39]. This trial compared two
Internet-based interventions, with and without psychotherapeutic
support, with usual care. We observed differencesin the medium
and long term in favor of psychotherapy, but not in the short
term. This was somewhat consistent with previous studies on
depression when comparing face-to-face psychotherapy (alone
or plus usua care), with usual care based on medication
treatments [40]. We found a larger effect size than in previous
works, particularly in the group without additional support, and
we also found that the offer of support did not yield additional
benefits in terms of better adherence or outcomes, contrary to
other previously published studies[41,42].

Theway patientswererecruited in PC settings, with face-to-face
contacts in a confidential context with the involvement of the
GP, might explain why our results were better than those of
other trials [14]. Studies in which patients suffering from
depression werereferred by their GPfor treatment had generally
shown higher effect sizes, with values similar to our study [5].
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This aspect of the trial may have also contributed to the low
number of email contacts requesting assistance to the
psychotherapists, and therefore, to the similarity in the results
for the supported and the unsupported groups. This same result
has also been found in other works [15], although effect sizes
in Internet-based interventions with therapist support typically
seem larger than those without therapist support [14]. In our
study, the type of support received by email on request wasless
intense than in other efficacy trials, which additionally include
a group with some kind of weekly contact [14,15]. Patientsin
our study did not make much use of the support offered. We do
not know the real reasons for this, but the lack of initia
face-to-face contact with the psychotherapist might have
hampered the establishment of an adequate alliance—something
that might merit interest for further studies[19].

The possibility of receiving attention and care fromaGP in a
PC setting could also help minimize the stigmaassociated with
referral to mental health services [11] and could improve
adherence to the program. In fact, our procedure was as close
aspossibleto the usua practice, and thus, it might increase the
likelihood that the program might be used in the PC health
services in Spain, where most depressed patients are treated
[43]. Nevertheless, GPs may experiencedifficultiesin recruiting
patients because of their overloaded schedule, as has been
described in other countries [44].

Limitations

This study encountered several limitations. First, attrition at
follow-up was significant, but replacing missing valuesthrough
imputations confirmed the main findings. As shown in other
similar trials of computerized interventions, attrition rates are
oftenlarge[12,32]. If anything, our retention rate was probably
as good, if not better, than that achieved in other similar trials.
Second, the potential effect of GPs or psychotherapist was not
taken into account and may have been a source of variability.
Finally, this trial was not powered to detect small differences
between the two computerized interventions. This part of the
study needs to be tested properly in a separate trial aso
controlling for the possible effects of psychotherapistsand GPs.

Conclusions

A Spanish-language I nternet-based intervention for the treatment
of depression (Smiling is Fun) added to usual care proved to be
more effective than treatment as usual alone at follow-up
assessments. Pending cost-effectiveness analysis, these results
suggest that it might be worth investing in this program for PC
clinicsin Spain, and possibly in other Spanish-speaking settings.
The kind of low-intensity support offered in the program did
not show additional improvement on the effectiveness of the
computerized intervention. It remainsto be seen whether or not
any other forms of online/tel ephone support might yield further
gains.
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Abstract

Background: Mabile mental-health trackers are mobile phone apps that gather self-reported mental-health ratings from users.
They have received great attention from clinicians as tools to screen for depression in individual patients. While several apps that
ask simple questions using face emoticons have been devel oped, there has been no study examining the validity of their screening
performance.

Objective: In this study, we (1) evaluate the potential of a mobile mental-health tracker that uses three daily mental-health
ratings (sleep satisfaction, mood, and anxiety) asindicators for depression, (2) discuss three approaches to data processing (ratio,
average, and frequency) for generating indicator variables, and (3) examine the impact of adherence on reporting using a mobile
mental-health tracker and accuracy in depression screening.

Methods: We analyzed 5792 sets of daily mental-health ratings collected from 78 breast cancer patients over a 48-week period.
Using the Patient Health Questionnaire-9 (PHQ-9) asthe measure of true depression status, we conducted arandom-effect logistic
panel regression and receiver operating characteristic (ROC) analysis to evaluate the screening performance of the mobile
mental-health tracker. In addition, we classified patients into two subgroups based on their adherence level (higher adherence
and lower adherence) using a k-means clustering algorithm and compared the screening accuracy between the two groups.

Results: With the ratio approach, the area under the ROC curve (AUC) is 0.8012, indicating that the performance of depression
screening using daily mental-health ratings gathered via mobile mental-health trackers is comparable to the results of PHQ-9
tests. Also, the AUC issignificantly higher (P=.002) for the higher adherence group (AUC=0.8524) than for the lower adherence
group (AUC=0.7234). This result shows that adherence to self-reporting is associated with a higher accuracy of depression
screening.

Conclusions: Our results support the potential of amobile mental-health tracker asatool for screening for depression in practice.
Also, thisstudy providesclinicianswith aguideline for generating indicator variablesfrom daily mental-health ratings. Furthermore,
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our results provide empirical evidence for the critical role of adherence to self-reporting, which represents crucial information

for both doctors and patients.

(J Med Internet Res 2016;18(8):€216) doi:10.2196/jmir.5598
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Introduction

Mental distress can impair treatment processes and outcomes,
such as adherence to treatment recommendations, satisfaction
with care, and quality of life [1-3]. However, when present,
depression is detected less than 30% of the time in cancer
patients, mainly due to the time constraints of both patients and
cliniciansaswell as patients' reluctance to undergo depression
screening tests [4,5]. To reduce the burden on patients,
researchers have developed simpler screening tools that use
only one or two questions, such as the Distress Thermometer
and the Patient Health Questionnaire-2 (PHQ-2) [5,6]. However,
these screening methods are still problematic when dealing with
patients who rarely visit adoctor, because these patients do not
have a chance to be tested. To alleviate this problem, doctors
recommend that patientstrack their Patient Reported Outcomes
(PROs) on paper as a form of mental-status diary [7,8].
However, the inconvenience of keeping daily mental-health
ratings on paper leads to alow rate of using such diaries[7,9].

Therapid increasein the use of mobile phones, and specifically
smartphones, has prompted health care providers to consider
mobile phone apps as away to collect mental PROs. Such apps
are known as mental-heath trackers [10,11]. Despite the
potential benefits of mental-health trackers in the setting of
oncology treatment, prior studies have focused on evaluating
the feasibility of data collection and overall response rates
[7,10,12], with only afew studies evaluating the validity of the
data in depression screening [11,13]. These validity studies
show whether the mood ratings sent via text message can be
used as aproxy for depression assessment [13] and whether the
scores reported via mobile phones are consistent with the ones
reported via a paper-based test using traditional depression
screening questionnaires [11]. Therefore, it is still unclear
whether the daily mental-health ratings, which are gathered
using simpleinstruments and facial emoticon scalesviamobile
mental-health trackers, can be used to screen for depression for
clinical purposes.

The contribution of our study is mainly threefold. First, we
provide a performance evaluation of mobile mental-health
trackers. Some researchers have raised concerns about using a
simpler and shorter depression screening survey designed for
amobile phone, fearing that it may increase measurement errors.
However, we argue that the shorter recall period involved in
using a mobile mental-health tracker can compensate for
potential measurement errors. Prior studies have shown that the
accuracy of human memory substantially decreasesastherecall
period increases [14-17]. The use of maobile mental-health
trackers can reduce the patient recall period sinceit is possible
for patients to easily report mental-health ratings on a daily
basis. Our results show that daily mental-health ratings coll ected

http://www.jmir.org/2016/8/e216/

via mobile mental-health trackers provide results comparable
to those of traditional depression screening tools.

Second, we propose three data-processing approaches (average,
ratio, and frequency) for generating indicator variables from
daily mental-health ratings and evaluate the performance of
screening accuracy among these three approaches. From a
practical perspective, there has been no discussion on the
approach for transforming daily mental-health ratings reported
via mobile phone apps to create indicator variables used for
depression screening. Although several studies have conducted
analyses using cross-sectional time-seriesdata of patients' mood
ratings, these studies focus on finding factors associated with
mood variation [18-20]. Thus, our proposed approaches help
clinicians transform daily mental-health ratings reported via a
mobile phone app to generate indicator variablesfor depression
screening.

Last, we show the effects of adherence on screening accuracy.
The vast amount of daily data collected from patients through
mobile mental-health trackers can be a burden for clinicians.
Therefore, it iscrucial to devise a systematic approach that can
automatically distinguish useful data from data that may only
increase noise, bias, and variability, which are common pitfalls
of mobile data [21].

We note that adherent patients tend to make an extra effort to
complete a suggested treatment plan [22], as observed in cancer
patients reporting mental PROs in a supportive mental-health
care setting. We expect that the patient adherence to
self-reporting PROs is positively associated with the quantity
and quality of data and thus increases the statistical accuracy
of the model [23]. We tested this argument by categorizing
patientsinto higher adherence and lower adherence groups and
comparing their screening accuracy.

Resear ch Setting

In early 2013, the largest hospital in South Korea developed a
mobile phone app called Pit-a-Pat [10] (Figure 1), which was
designed to collect PROs of breast cancer patients. The patients
kept ratings on three mental-health items on a daily basis via
the app: anxiety, mood, and sleep satisfaction, which have been
shown to be associated with depression [24,25]. These ratings
were reported using facial emoticon scales (Figure 1). Patients
reported their sleep satisfaction level on ascaleranging from 0
(very bad) to 10 (very good), but this scale was reversed so that
it ranged from O (very good) to 10 (very bad) in order to make
it consistent with other measures, whose values increased with
the severity of depression. Patients recorded their mood level
on a scale from 0 (none) to 7 (very severe), and anxiety level
on ascaefrom 0 (none) to 10 (very severe).
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The app also administered the PHQ-9 test on abiweekly basis.  toolsin primary care settings [24,26-29].
This test is one of the most widely used depression screening
Figure 1. Three mental logsin the Pit-a-Pat app: (A) Sleep satisfaction, (B) Mood, and (C) Anxiety.
(A) Sleep satisfaction (B) Mood (C) Anxiety
v Write Journal v Write Journal v Write Journal

APR 1, 2013 Stress Questionnaire (Daily)

Q. How would you rate the quality of your sleep
last night?

Very Good

APR 1, 2013 Stress Questionnaire (Daily)

APR 1, 2013 Stress Questionnaire (Daily)

Q. Please indicate the your anxiety level.

Q. Please choose the expression that most
closely matches your feeling.

| Extremely
anxious.

Normal

;@@@

Very Bad

Methods

Our anaysis broadly consists of two parts. Oneisthe evauation
of the accuracy of the mobile mental-health tracker for
depression screening. The other isthe examination of the effects
of adherence on screening accuracy.

Evaluation of the Empirical Model for Depression
Screening

Dependent Variable

Depression as a dependent variable was measured based on the
PHQ-9 test results. The PHQ-9 test consists of nineitems, each
scored from 0-3 points, with the final score calculated as the
sum of the scores for the nine items. We used a cut-off of 5
points for a depression diagnosis based on prior literature
[26,27,29,30]. This relatively low cut-off value reduces the
possibility that cancer patients who have depressive tendencies
are classified as “normal.” Several studies have reported that
depression severity tends to be underestimated in the cancer
treatment setting [31-33], despite the high cost of failing to
detect depression due to its negative impact on health outcomes
[2,3]. For this reason, in the depression treatment setting,
researchers put more emphasis on improving a true-positive
rate rather than a true-negative rate [34] because it is far more
important to correctly identify depressed peoplethan to correctly
identify people without depression.

Three Data-Processing Approaches for Generating
Indicator Variables

We used three approaches to construct the biweekly indicator
variables from daily mental-health ratings. (1) average, (2)
frequency, and (3) ratio. We generated the indicator variables
by making daily mental-health ratings line up with the time
interval of PHQ-9 questionnaires, which was biweekly. For
instance, using the daily mental-health ratings reported from
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April 1-14, 2015, we generated the indicator variables and
matched them with the PHQ-9 score measured on April 14,
2015, which recorded a patient’s depressive tendencies during
the same period.

The average approach calculates the average of each
mental-health rating of a patient in a biweekly period. The
average approach is easy for doctors to implement because it
generates a continuous variable and does not require the doctor
to calculate the optimal cut-off values[35]. However, practical
guidelines suggest measuring the severity of depression by
counting the number of days that people have depressive
tendencies during specified periods [24,34].

For this reason, we tested two additional approaches. the
frequency approach, which counts the number of depressed
days during a 2-week period, and the ratio approach, which
calculates the ratio of the number of days when the score
indicates depression to the total number of daysthat the ratings
are reported during the 2-week period. To construct these
indicator variables, wefollowed two stepsto transform the daily
mental-health ratings into discrete scales (Figure 2). We first
assigned a score of 1 to the days when the reported score on a
given day was above a certain cut-off value. For example, if the
score for sleep satisfaction on a particular day was higher than
the cut-off value (eg, 7 points), we considered the patient to be
depressed on that day and assigned the day avalue of 1 (Figure
2, Step 2). Thus, each day was assigned a binary value
(1=depressed, O=normal) to indicate whether or not a patient
was depressed on that day. Second, the biweekly depressed
status was calculated based on each approach (Figure 2, Step
3). For instance, if there are three values of 1 and three values
of O during a given period (6 days), the indicator variables
calculated by the frequency and ratio approaches are 3 and 0.5,
respectively. We applied this procedure to all types of daily
mental-health ratings. Then, we conducted an analysis on each
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approaches.

Figure2. lllustration of data conversion from daily mental-health logsinto biweekly indicators with frequency and ratio approaches: (A) Daily scores
of sleep quality during 2 weeks, (B) assigned scores of 1 to the days when the reported score is higher than the cut-off value, (C) calculated scoresin a

biweekly format.
Daily Sleep Quality Predicted Status
........................ (Cut-off: 7) it s Frequency | Ratio
Approach | Approach
Patient 1 -|l7l9]-|2|-|3|5]|8]|- 1{1f-|o|-]Joflo|l1]- 3 0.5
Patient 2 = |2 = 22| =] == |- |h -lo|-|lolo|-]-|-|-]0 o] [}
> 1 0.
Patient 3 3(-1-17[-]-/-]-]1 o -l - o |:> 33
o o
Patient 4 5 - 3 1 [o} - o o -
(A) (B) ©

Model Specification

Our model is designed to identify depression using indicator
variables generated from three types of mental-health ratings:

Depressed, = Sleep; ++ Mood, + Anxiety; + &

where subscriptsi and t indicate each patient and each biweekly
period, respectively. The dependent variable, Depressed, takes
a binary value (O=normal, 1=depressed). Because we are
primarily interested in the extent to which daily mental-health
ratings can identify depression, we did not include control
variables in the main model. The model parameters were
estimated using a random-effect logistic regression model
[36-38] (see Multimedia Appendix 1). Logistic regression is
one of the classifier models used for estimating the probability
of a binary dependent variable based on indicator (ie,
independent) variables. We used arandom-effect model instead
of afixed-effect model due to the estimation efficiency of the
former. Our dataset isashort-panel set, meaning that the number
of patientsisfar greater than the number of time stamps of the
observations. Estimation efficiency can be an issue with a
fixed-effect model because afixed-effect model should estimate
the parameters of the dummy variables, whose number is the
same as the number of patients in our sample. Moreover, our
dataset contai ns some patientswho reported a PHQ-9 test result
just once during the study period. These patients would be
excluded in the analysis of a fixed-effect model. Therefore, a
random-effect model is preferred for our situation.

Receiver Operating Characteristic Analysis

Receiver operating characteristic (ROC) analysis is used to
eval uate the screening accuracy of our model. ROC isagraphic
plot, which is widely used to demonstrate the prediction
accuracy of aclassifier model. It plotsthe true positive rate (ie,
sensitivity) against the false positive rate (ie, 1-specificity) at
variousthreshold values (0< values <1) of predicted probability
calculated based on logistic regression models. The areaunder
the ROC curve, referred to as the area under the curve (AUC),
represents the probability that aclassifier model ranksapositive
case higher than a negative case. Therefore, a higher AUC
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implies a better prediction performance of a classifier model.
Rough criteriafor assessing the performance of ROCs note that
having an AUC higher than 0.7 is considered to be clinically
acceptable [39].

Procedures for Calculating Cut-Off Points of Each
Mental-Health Rating

As discussed earlier, we constructed dichotomy variables for
the ratio and the frequency approaches. Dichotomy variables
need optimal cut-off values[35] because patients' mental states
should be dichotomized into two groups. We calculated the
optimal cut-off value by simulating models. First, we predicted
a patient’s mental status by using each daily rating item with
an arbitrary cut-off value. Then, we compared the AUCs of all
possible cut-off values and sel ected the one that givesthe highest
AUC as the optimal cut-off. For example, to determine the
cut-off for the Anxiety variable, we (1) selected an arbitrary
cut-off value, (2) calculated Anxiety based on the ratio or the
frequency approaches (Step 2 in Figure 2), (3) estimated a
simplified model, Depressed,; = Anxiety;; + &;, and (4) calculated
the AUC through ROC analysis. As Anxiety can take a value
from O to 10, we repeated this procedure 10 times and then
selected the cut-off value that produced the highest AUC.

Robustness Analyses of Mental-Health Ratingsin
Detecting Depression

The primary purpose of our empirical analysis is to test the
performance of depression screening. Thus, the consistency of
the screening accuracy of our model isimportant. We conducted
two additional analyses to ensure the robustness of our results.

First, we conducted arobustness analysis to validate our model
by employing the five-fold cross-validation procedure. We (1)
randomly partitioned the datainto five subsetswherethe sample
size is approximately 100, (2) calculated each cut-off value of
indicator variables using four of the subsets as a training set,
(3) generated indicator variables for the ratio and frequency
approaches, (4) ran arandom effect logistic regression using a
training set, (5) calculated the predicted probability for the
remaining subset as a test dataset, and (6) employed ROC
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analysis and calculated the AUC. Steps 2-5 were repeated five
times by alternating training and test datasets.

Second, one may be concerned with potential bias if patients
submitted mental-health ratings on a day they took a PHQ-9
test. Thus, we conducted the analyses using a subsample that
excluded the daily ratings reported on the days when a PHQ-9
test was taken.

Evaluation of Adherence Impact on Screening
Accuracy

Conceptualization of Adherence to PROs as Composite
Construct

In prior studies on adherenceto self-reporting in the mobile and
Internet health care setting, researchers tended to measure
adherence with only one dimension—the response rate to
technology during a given period [10,40]. This practice may be
too simple because of the multidimensional characteristics of
adherence[22,41-44]. We classified the patientsinto higher and
lower adherence groups based on three dimensions:. (1)
activeness, (2) timeliness, and (3) persistence. Activenessrefers
to the degree to which the activities of a patient adhere to
particular guidelines [22,44]. We calculated Activeness as the
total number of days when daily mental-hedlth ratings were
reported. For Timeliness, which captures the noncompliance of
a patient with treatment plans in the literature [41,42], we
counted the total number of days when ratings were reported
without delay because the app allowed users to submit ratings
for the past few days. Persistence, defined as continuous
involvement with clinical treatment during the prescribed period
[43], was measured with two variables: (1) the number of
biweekly periods between the first and last days in which the
patient reported daily ratings (ie, thetotal duration), and (2) the
total number of biweekly periods with reported ratings. The
total duration isanimportant dimension of Persistence because
it captures a discontinuity effect if patients stop using the app
after afew weeks. However, there could be caseswhere a patient
submits only two ratings, one very early and the other much
later inthe study period. Therefore, we also considered the total
number of biweekly periodswith reported ratings. This measure
is still different from Activeness because it captures the lower
adherence of patients who report ratings very actively during
the first few weeks and then subsequently use the app rarely.

We considered a patient’'s adherence to using a mobile
mental-health tracker as a composite construct of these three
factors. These factors (activeness, timeliness, and persistence)
address different aspects of adherence, and the réative
importance of the three is unclear. Moreover, the way patients
adhere to using mobile mental-health trackers can vary
depending on their personalities.

K-Means Clustering Analysis and Receiver Operating
Characteristic Comparison Test

To classify patients based on their adherence levels, we used a
k-means clustering algorithm (see Multimedia Appendix 1)
[45,46]. The k-means clustering classifies subjects into
homogeneous subgroups, where each observation belongs to
the cluster with the smallest intracluster distance and the largest
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intercluster distance. The number of clusters can be determined
based on dtatistical criteria, such as the Akaike Information
Criterion (AIC) [47]. However, a dtatistical approach often
returns so many clustersthat it becomes complicated to interpret
the characteristics of clusters. For this reason, a researcher’s
judgment is also often used [46]. We classified patients into
two clusters (ie, higher- and lower-adherent patients) for easier
interpretation of results. We also examined the resultswith three
clusters as a robustness check, as we describe bel ow.

After patients were classified into higher- and lower-adherence
groups, we compared the AUCs of each group in an ROC
analysis. In addition, to support our approach to measure
adherence as a multidimensional variable, we compared the
AUCs of high- and low-adherence groups when the groups are
classified based on prior studies[10,40], using the responserate
only when the groups are classified based on our approach using
activeness, timeliness, and persistence.

Robustness Analyses of | mpact of Adherence on
Screening Accuracy

To test the robustness of our finding that the screening accuracy
is higher for patients with a higher level of adherence, we
examined two potential sources of biasthat may affect our ROC
comparison tests—the length of data collection periods by
patients and the number of clusters.

First, we examined whether the difference in the length of data
collection periods by patients influences the results. Because
each patient started using the app at a different time during the
study period, the measure of persistence can be biased for
patients who started using the app very early or very late in the
study period. For example, persistence can be underestimated
for patients who started using the app later in the study period.
Likewise, persistence can be overestimated for patients who
started using it earlier. Therefore, we examined whether our
results are robust if we consider only the rating data collected
during thefirst 24-week period (ie, half of thetotal study period)
for each patient. We also analyzed the subsample excluding
patients who joined the study during the last 12 weeks, which
was the average usage period of the patientsin our sample.

Second, we examined whether the results are maintained when
patients are classified into three groups instead of two. This
analysis also allows us to address the possibility of outliersin
each group (high and low) who may have skewed the results.

Results

Sample Description

A total of 85 breast cancer patients provided informed consent
to participate in this study (Institutional Review Board No.
2012-0709). These patients submitted 5817 daily mental-health
ratingsfrom early April 2013 to late March 2014. We excluded
25 ratingsreported by 7 patientswho did not completeaPHQ-9
test. As aresult, 5792 daily mental-health ratings reported by
78 patients during 24 biweekly periods were used for our
analysis. The 78 patients in our sample provided 497 PHQ-9
test results, which consisted of 270 normal statuses and 227
depressed statuses when using acut-off score of 5[26,27,29,30].
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On average, there were 6.4 observations per patient, with the report ratings at least 11 days during 2 weeks (14 days) is
number of observationsranging from 1 (n=11) to 24 (n=1). The 65.59%. Table 1 shows the demographic information for the
cumulative percentage of the number of daysin which patients 78 patients in our sample.

Table 1. Participant characteristicsin the two study groups.

Characteristic Total, n (%) or mean (SD)  Lower adherence, n Higher adherence, n pa
(n=78) (n=58) (n=20)
Age, years
Mean (SD)  44.35 (7.01) 44.24 (7.07) 44.65 (7.02) 83 (1)
<39 18 (23.1%) 14 4
40-49 40 (51.3%) 28 12 66 (X2)
=50 20 (25.6%) 16 4

Cohabitation P

No 17 (21.8%) 11 6 310
Yes 61 (78.2%) 47 14

Children
None 12 (15.4%) 10 2
1 17 (21.8%) 12 5 45 (X2)
2 43 (55.1%) 33 10
3or4 6 (7.7%) 3 3

Marital status
Divorced 3(3.8%) 3 0
Single 6 (7.7%) 5 1 49 (xd
Married 69 (88.5%) 50 19

Education level
Uptohigh 37 (47.4%) 29 8 44 (X2
school
Collegede- 41 (52.6%) 29 12
greeor high-
er

Employed
Yes 46 (59.0%) 32 14 25 (X2)
No 32 (41.0%) 26 6

Adherence dimension ©

Activeness  68.55 (60.06) 37.66 158.15 <.001 (F)
Timeliness  51.31 (44.08) 29.81 113.65 <.001 (F)
Duration  6.45 (5.67) 3.79 14.7 <.001 (F)
Persistence  6.58 (5.76) 3.67 145 <.001 (F)

#Tested null hypotheses: t test: lower and higher adherence groups have the same mean; x2 test: characteristic categories and adherence groups are
independent; F test: lower and higher adherence groups have the same mean.

bCohabitation refersto patients living with family members.
K ey variables by groups are classified using k-means clustering (see Results section).

Table 2 showsthe summary statistics of thedaily mental-health  are listed in Table 2. For both the ratio and frequency
ratings and indicator variables, which are obtained based onthe  approaches, the cut-off scoresfor sleep, anxiety, and mood were
ratio approach. Also, the calculated optimal cut-off values for identified as 7, 6, and 4 points, respectively. Table 3 showsthe
each indicator variable of theratio and thefrequency approaches  correlation matrix of these variables.
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Table 2. Summary statistics of daily mental-health ratings and indicator variables based on the ratio approach.

n Mean SD Min. Med. Max. Skew. Kurt. Cut-offd
Sleep rat- 5792 4,99 2.03 1.00 5 10 -0.10 2.685
inga*b
Mood rat- 5792 3.19 1.29 1.00 3 7 0.372 2.832
ing?
Anxiety rat- 5792 421 2.07 0.00 5 10 -0.075 2.295
H a
ing
Depressed 497 0.46 0.50 0.00 0.00 1.00 0.174 1.030 5
S|eepb'° 497 0.21 0.23 0.00 0.14 1.00 1.167 3.951 7
Mood® 497 0.40 0.38 0.00 0.33 1.00 0.388 1.590 4
Anxiety® 497 0.30 0.32 0.00 0.2 1.00 0.801 2474 6

3Daily mental-health ratings.

bSleep rating and Sleep indicate sleep dissatisfaction (the reversed scale of sleep satisfaction).

“The indicator variables based on the ratio approach.

%The cut-off value of Depressed is selected based on prior literature. The cut-off values for Sleep, Mood, and Anxiety are calculated based on the
simulation analysis described in the Methods section. The cut-off values obtained by using the frequency and average approaches are the same.

Table 3. Correlation matrix of daily mental-health ratings and indicator variables by the ratio approach.

Depressed Sleep rating Mood rating Anxiety rating
Sleep rating®P 1
Mood rating? 0.62 1
Anxiety rating® 0.48 0.61 1
Depressed Sleep Mood Anxiety
Depressed 1.00
SeepP® 0.36 1.00
Mood® 0.42 0.38 1.00
Anxiety® 0.40 0.22 0.47 1.00

8Correlation matrix of daily mental-health ratings.
bCorrelation matrix of indicator variables by the ratio approach.

CSleep rating and Sleep indicate sleep dissatisfaction (the reversed scale of sleep satisfaction).

Evaluation of the Empirical Model for Depression
Screening

Performance of Each Approach to Data Processing in
Detecting Depression

Table 4 presents the results of our model with three different
approaches to constructing indicator variables. With the ratio
approach, all threetypes of mental-health ratings are statistically
significant (P <.001) in predicting the mental status of patients.
This result indicates that each type of mental-health rating
addresses different dimensions of patient mental status. For
example, consider the case in which two patients reported the
same level of anxiety and mood condition but a differing sleep
condition. Our result suggeststhat holding other variablesfixed,
a one-tenth-unit (0.1) increase in Sleep (ie, an increase in the
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ratio of depressed days to the total number of reported daysin
a given biweekly period by 0.1) is associated with a 31.3%
increase in the likelihood of the patient being depressed, since
exp(0.272)=1.313. Similarly, all other things being equal, a
one-tenth-unit increasein Mood and Anxiety isassociated with
about a 19% increase in the likelihood of the patient being
depressed. Likewise, all three types of mental-health ratings
with the average approach are statistically significant (P<.05),
and a one-tenth-unit increase in Sleep , Mood , and Anxiety
increases the odds of the patient being depressed by 4%, 7%,
and 4%, respectively. The Sleep and Mood ratings with the
frequency approach are statistically significant (P<.05).
However, the Anxiety rating isnot significant. A one-tenth-unit
increasein Sleep , Mood, and Anxiety in the frequency model
is related to increases of about 1%, 2%, and 1%, respectively,
in the likelihood of the patient being depressed.
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Table 4. Results of random effect logistic panel regression?(the 497 observations were constructed from the 5792 daily mental-health ratings reported

viathe mental-health tracker).

Ratio (P) Average (P) Frequency (P)
Sleep 2.722 (<.001) 0.348 (.036) 0.139 (.046)
Mood 1.783 (.001) 0.728 (.004) 0.177 (.001)
Anxiety 1.782 (.001) 0.396 (.005) 0.080 (.133)
Constant —1.965 (<.001) —6.002 (<.001) —1.404 (<.001)
Observations, n 497 497 497
Petients, n 78 78 78

@Dependent variable: Mental status, whichis 0 if normal (PHQ-9 score <5) and 1 if depressed (PHQ-9 score 5).

Chart A in Figure 3 shows the ROC curves of the predicted
results of three models and the corresponding AUCs. The AUCs
calculated from the ROCs of the ratio, the average, and the
frequency approaches are 0.8012, 0.7867, and 0.7635,
respectively. The AUC of theratio approach is not statistically
different (P=.150) from that of the average approach, but it

differs significantly (P=.001) from that of the frequency
approach. This result shows that the accuracy of depression
screening by using the ratio and the average approaches is
statistically indifferent, while the accuracy by using the
frequency approach is dlightly lower in our empirical result.

Figure 3. Results of ROC analysis. (A) ROC curves calculated from three models (full samples), (B) ROC curves calculated from three models
(subsample excluding the daily logs reported on the day the PHQ-9 is administered).

(A)
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Robustness Analyses of Mental-Health Ratingsin
Detecting Depression

First, we conducted a five-fold cross-validation test. With the
ratio approach, the AUCs of the five subsets range from 0.7228
to 0.8568. The aggregated result of five subsetsyieldsan AUC
of 0.7836. With the average approach, the AUCs range from
0.7234 to 0.8488, and the AUC of the aggregated result is
0.7755. The AUCs of the frequency approach range from 0.7107
t0 0.8188, and the AUC of the aggregated result is0.7385. These
results suggest that the risk of overfitting is low for our model
according to rough criteria that AUCs higher than 0.7 are
clinically acceptable [39].

Second, we conducted the analyses using a subsample excluding
the daily ratings reported on the day the PHQ-9 isadministered.
The subsample consists of 480 observations taken from 5022
daily ratings, which still leaves a sufficient number of daily
ratings for our analysis. All coefficients of the new analysis
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results using the subsample with the three approaches are
statistically significant, with similar magnitude (P<.05), thus
confirming the results of the main analysis. Chart B in Figure
3 showsthe ROC curvesand corresponding AUCs. Theresulting
AUC is 0.795 with the ratio approach, 0.7817 with the average
approach, and 0.766 with the frequency approach. The difference
between the AUCs of the ratio and of the average approach is
not statistically significant (P=.197), but the one between the
ratio and the frequency approach is statistically significant
(P=.02). This result is consistent with the main analysis,
indicating that the accuracy of depression screening of all three
approaches is acceptable (AUC >0.7), while the results using
theratio and the average approaches are statistically higher than
that of the frequency approach.
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Evaluation of Adherence Impact on Screening
Accuracy

Effect of Adherenceto Self-Reported PROson Screening
Accuracy Based on Composite Construct

Table 1 provides descriptive statistics of four variables (ie,
Activeness, Timeliness, Duration, and Persistence) used to
determine a patient’s adherence level. Among the 78 study
patients, 58 and 20 were classified into the lower and higher
adherence groups, respectively. The 497 observations in the
biweekly panel dataset comprised 208 observationsin thelower
adherence group and 289 observations in the higher adherence
group. The anaysis of variance (ANOVA) test results show
that the differences in the means of the four variables between
thetwo are statistically significant (P<.001). Also, we conducted
at test and a Pearson’s chi-sguare test to examine whether the

Kimet al

classification result was associated with other latent factors (see
Table 1), such asapatient’s baseline severity of depression and
demographics. Theresults show that the demographic variables
are not significantly related to the adherence level (P>.05).

Figure4 and Table 5 (see Composite construct) show the results
of the ROC comparison test by adherence level measured
according to our suggestion. These results show the AUCs
calculated by the ratio (higher: 0.8524, lower: 0.7234), the
average (higher: 0.8425, lower: 0.7016), and the frequency
(higher: 0.8529, lower: 0.6664) approaches, respectively. All
AUC:s of the higher adherence group are statistically higher
(P<.01) than those of the lower adherence group. These results
support our argument that adherence to self-reporting is
associated with an increase in the accuracy of depression
screening.

Table 5. Result for ROC comparisons of subsamples by adherence level (null hypothesis: x2test, AUCs of higher and lower adherence groups are the

same).
Layers Adherence (n=number of observations) Ratio approach Average approach Frequency approach
AUC P AUC P AUC P
Composite construct® Lower (n=208) 0.7234 002 07016  .001 0.6664  <.001
Higher (n=289) 0.8524 0.8425 0.8259
Prior method® Lower (n=138) 0.7594 269 07290 104 06588  .002
Higher (n=359) 0.8113 0.8076 0.8198

8adherence is clustered based on composite constructs of three factors: Activeness, timeliness, and persistence.

bAdherenceis clustered based on the response rate during 2 weeks.

Figure 4. Graphs for ROC comparisons of subsamples by adherence level: (A) ROCs by adherence levels with the ratio approach, (B) ROCs by
adherence levels with the average approach, (C) ROCs by adherence levels with the frequency model.
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Effect of Adherenceto Self-Reported PROson Screening
Accuracy Based on Prior Method

Table 5 (see Prior Method section) presents the result of the
comparison of the AUCswhen the adherence level is measured
based on the response rate during a 2-week period (ie, the
number of dayswhen ratings are reported, to 14 days) following
prior studies [10,40]. When we use the response rate only, the
results show the AUCs calculated by the ratio (higher: 0.8113,
lower: 0.7594), the average (higher: 0.8076, lower: 0.7290),
and the frequency (higher: 0.8198, lower: 0.6588) approaches.
While the comparison of AUCswith the frequency approachis
statistically different between high- and low-adherence groups

http://www.jmir.org/2016/8/e216/
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(P<.01), those with the ratio and the average approaches are
not significantly different (P>0.1). These results show that
adherence measured based on only one dimension, the response
rate, is not sufficient to distinguish two groups that produce
different qualities of PROs in terms of screening accuracy. On
the other hand, our approach to measure adherence using three
dimensions classifies patients into two distinct groups,
supporting our suggestion.

Robustness Analyses of | mpact of Adherence on
Screening Accuracy

First, we examined whether our resultsare robust if we consider
only the PROs collected during the first 24-week period (ie,
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half of the total study period) for each patient (see Table 6).
This subsample analysis showsthat screening accuracy with all
three approaches is statistically higher (P<.05) for patientsin
the higher adherence group than for the ones in the lower
adherence group. The analysis results with the subsample
excluding patientswho joined the study during the last 12 weeks
are also consistent with our main results (P<.05).

Table 6. Results obtained in the robustness analysis.

Kimet al

Second, we examined whether our results are maintained when
patients are clustered into three groups. The ANOVA test results
support that the differences between three groups are statistically
significant (P<.001). These results show that the screening
accuracy is higher for patients with ahigher level of adherence
(P<.05) (see Table 6).

Layers Adherence Ratio approach Average approach Frequency approach
ggg’vn;?&;f AUC p AUC P AUC p

6 months® Lower (n=161)  0.728 016 0.7239 033 0.6774 .007
Higher (n=336)  0.8364 0.8205 0.8088

Without late Lower (n=171)  0.7405 .006 0.7015 .001 0.6796 .002

starters” Higher (n=273)  0.8599 0.8540 0.8283

3 groups® Lower (n=113)  0.6767 .006 0.7134 020 0.6003 .002
Middle (n=159) 0.7893 0.7542 0.7986
Higher (n=225)  0.8512 0.8446 0.8114

3Null hypothesis: x2test. The AUCs of higher and lower adherence groups are the same.
BNl hypothesis: x2test. The AUCs of higher, middle, and lower adherence groups are the same.

Discussion

Principal Findings

This study provides several academic implications as well as
important practical implications for health care providers and
patients. First, this study is the first attempt to examine the
depression screening performance of mobile mental-health
trackers, which collect daily mental-health ratings from patients.
Our results show that the depression screening performance of
mobile mental-health trackers is comparable to the traditional
method, administration of a PHQ-9 test, in the clinical setting.

There may be a concern about collecting data with a small
number of questionsrelated to depressive tendencies. However,
based on our findings, we argue that the portability of mobile
phones, which enable patients to report their mental-health
ratingson adaily basis, compensatesfor this disadvantage. The
memory recall issue is particularly critical for cancer patients
because their mental status is often unstable due to the side
effects of cancer treatment [48,49]. A shorter recall period may
reduce the potential for measurement errors and offset the
limitation of ashorter survey. Another concern may involvethe
inconveniencefor patientsto report mental-health ratings every
day. However, the use of afacial emoticon scale should reduce
this inconvenience. Prior studies in psychology suggest that
using a face emoticon scale demands less cognitive effort and
islessof aburden to patientsininterpreting questionnaire items
[50,51]. Also, a face emoticon scale can actually make
participation in the survey more enjoyable [52]. Therefore, the
use of aface emoticon scale adapted to the small phone screen
may facilitate user participation, potentially making the data
more useful.

Second, this study provides empirical evidence that patient
adherence to self-reporting via mobile mental-health trackers

http://www.jmir.org/2016/8/e216/

has a positive effect on the depression screening accuracy. For
clinicians, it might be inefficient to analyze a large number of
PROs obtai ned from various sources such as mobile or wearable
devices because these data are susceptible to common
instrumentation pitfalls such asnoise, bias, and variability [21].
To design a systematic approach to distinguish meaningful
PROs from noises, we employed the concept of adherence
because it is known that adherent patients tend to make more
efforts to successfully comply with suggested treatment
guidelines [22]. The PROs reported by patients with higher
adherence tend to be of high quality and quantity, and our results
show that the accuracy of depression screening is higher for
those patients [23].

Third, we provide a new perspective on measuring adherence
to self-reporting as amultidimensional construct, consisting of
activeness, timeliness, and persistence. Prior empirical studies
of adherence to mobile PROs have tended to focus on the total
number of PROs only (activeness) without considering that the
overall adherence level can decrease over time [10,40]. By
incorporating the degree of patient autonomy intimely reporting
(timeliness) over the entire treatment period (persistence), this
new measurement allows us to capture the time effects over
both short- and long-term horizons. Our empirical analysis
shows that the difference in screening accuracy between high-
and low-adherence groups is clearer when the groups are
classified based on three dimensions (activeness, timeliness,
persistence) than when they are classified based on activeness
only, supporting our argument that time dimensions are also
important aspects of patient adherence.

Fourth, our results also have important implicationsfor patients.
Reporting daily mental-health ratings can be asignificant burden
for patients and can have an adverse effect on their mental status
[53,54]. However, these burdens may be reduced if patients
recognize the clinical benefits of reporting their outcomes (ie,
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PRO) [55]. Our results can hel p patients understand the positive
effects of adherence and provide motivation for them to adhere
to self-reporting and thereby improve the quality of treatment.

Practical Implications

Our study provides clinicians with a practical guideline for
transforming daily mental-health ratings reported via a mobile
mental-health tracker to generate indicator variables for
depression screening. As new technol ogies generate new types
of data, doctors are challenged to deal with them. For instance,
they may have questions such as “Should a variable be
dichotomized? How should we determine the cut-off values?’
and “How should we transform daily PROs into a biweekly
format? | saratio approach better than afrequency approach?’.

These questions are not easy, and the answers vary depending
on the situation. The average approach is easy for doctors to
implement because it does not require clinicians to calculate
the cut-off value [35]. Calculating the optimal cut-off value
could be burdensome for them because cut-off values may be
different according to demographics or the scale of the
guestionnaire [35]. Also, the optimal cut-off value cannot be
calculated apriori without sufficient data. Thus, clinicians must
wait for a certain amount of time until they obtain a sufficient
amount of data to get the optimal cut-off value. This implies
that the ratio and the frequency approaches cannot be used
during early periods in which doctors are just starting to
implement screening depression using daily mental-health
ratings. Our empirical results show that the accuracy of
depression screening by the average approach is clinically
acceptable[39]. Thus, during the early period, using the average
approach may be more appropriate.

As more data are accumulated, clinicians may choose the ratio
or the frequency approach. In some cases, doctors may want to
seeasimple count of depressed days of apatient during acertain
period in order to compare it with the results of traditional
depression screening tests. In this case, athough the scores of
daily mental-health ratings as continuous variables, as well as
the val ues obtained based on the average approach, may provide
clinicians with much detailed information, doctors till need to
determine whether the scores are high enough to consider a
patient to be depressed [35]. Therefore, a systematic way to
construct reasonabl e cut-offsis still needed, and we believe our
proposed approaches (the ratio and the frequency approaches)
and empirical results of their performance are valuable for
clinicians.

It should be noted that the results of data processing depend on
the nature of data, such as missing valuesand outliers, and each
approach hasits own limitations when dealing with these i ssues.
For instance, the average approach is susceptible to outliers.
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Thefreguency approach considers depressed days only, ignoring
the difference between normal days and days when ratings are
not reported. Theratio approach considersthe dayswhen ratings
are reported, ignoring the presence of omitted days. Thus, it is
important to note that the relative superiority of data-processing
approaches varies by situations. We recommend doctors choose
an appropriate approach based on their clinical purposes.

Limitations

Our study is a derivation study, and we still need future
validation studies using different patient samples before this
measureis more broadly adopted. First, we used three variables
to evaluate mental health—sleep, mood, and anxiety—to gather
information on patients' mental status. Although we selected
these three variables based on prior studies [24,25], there may
be other important dimensions to assess daily mental status.
However, to the best of our knowledge, there has been no study
investigating which types of mental-health PROs should be
considered for the mobile mental-health trackers. Therefore, a
natural extension of our study would be to investigate the
optimal choice of the mental dimensions to be used in mobile
mental-health trackers. Second, we did not account for the
methods of dealing with missing ratings. Further studieson this
issue may be useful for improving the accuracy of depression
screening in the mobile phone setting. For instance, future
research may examine how the quantity of missing values affects
the screening performance or how missing values can be
effectively imputed to improve depression screening using
ratings via mobile phone apps.

Third, our study was conducted in a breast cancer treatment
setting in South Korea. Therefore, our results may not be
generalizableto other types of mental illnessor to patientswith
different diseases, especialy patients with more severe
malignancies, such as pancreatic and rectal cancers.
Furthermore, South Korea is known for a high percentage of
mobile phone users compared with other countries. Mobile app
development technology and data management skills are
considered to be of high quality. Therefore, the implications
from our study may not be applicable in an environment where
complementary infrastructures are not adequately supported.
In this regard, our study warrants further research on the
assessment of the use of mobile mental-health trackersin other
settings.

Conclusion

Self-reported daily mental-health ratings obtained viaamabile
phone app can be used for screening for depression in breast
cancer patients. Adherence to self-reporting can improve the
efficacy of mobile phonebased approaches for managing
distressin this popul ation.
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Abstract

Background: Inlow/middleincome countries like India, diabetesis prevalent and health care access limited. Most adults have
a mobile phone, creating potential for mHealth interventions to improve public health. To examine the feasibility and initial
evidence of effectiveness of mDiabetes, atext messaging program to improve diabetesrisk behaviors, aglobal nonprofit organization
(Arogya World) implemented mDiabetes among one million Indian adults.

Objective: A prospective, parallel cohort design was applied to examine whether mDiabetes improved fruit, vegetable, and fat
intakes and exercise.

Methods: Intervention participants were randomly selected from the one million Nokia subscribers who elected to opt in to
mDiabetes. Control group participantswere randomly selected from non-Nokia mobile phone subscribers. mDiabetes participants
received 56 text messagesin their choice of 12 languages over 6 months; control participants received no contact. Messages were
designed to motivate improvement in diabetes risk behaviors and increase awareness about the causes and complications of
diabetes. Participant health behaviors (exercise and fruit, vegetable, and fat intake) were assessed between 2012 and 2013 via
telephone surveys by blinded assessors at baseline and 6 months later. Data were cleaned and analyzed in 2014 and 2015.

Results: 982 participantsin the intervention group and 943 in the control group consented to take the phone survey at baselne.
At the end of the 6-month period, 611 (62.22%) in the intervention and 632 (67.02%) in the control group compl eted thefollow-up
telephone survey. Participants receiving texts demonstrated greater improvement in a health behavior composite score over 6
months, compared with those who received no messages F(1, 1238) = 30.181, P<.001, 95% ClI, 0.251-0.531. Fewer intervention
participants demonstrated health behavior decline compared with controls. Improved fruit, vegetable, and fat consumption (P<.01)
but not exercise were observed in those receiving messages, as compared with controls.

Conclusions: A text messaging intervention wasfeasible and showed initial evidence of effectivenessinimproving diabetes-related
health behaviors, demonstrating the potential to facilitate popul ation-level behavior change in alow/middle income country.
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Introduction

Diabetesis estimated to affect 387 million globally, with disease
preval ence expected to increase to 592 million by the year 2035
[1]. Approximately 80% of people with diabetes live in low-
and middle-income countries (LMICs) creating apressing need
for prevention and treatment efforts focused on these regions.
With 3.6 billion mobile subscriptionsworldwidein 2014, mobile
phones hold great potential as an intervention delivery channel
[2]. Mobile phone uptake is high, evenin parts of the globe that
lack basic electricity and sanitation infrastructure. Especially
since the mobile phone is carried by the user throughout much
of the day, mobile health intervention holds the potential to
reach and help remote target popul ations cost-effectively [2,3].

Text messaging interventions could offer a particularly useful
health promotion intervention delivery channel for LMICs.
Texts can be delivered to the most basic mobile phones and do
not require consistent connectivity or Internet capability. Hence,
messaging can be delivered inexpensively and automatically to
widely geographically dispersed people from different
socioeconomic strata [4]. Recent systematic reviews of text
messaging health promotion interventions indicate that text
messaging has not only proved most efficacious for smoking
cessation but also shows some promise for improving other
health behaviors, yielding small-to-medium effects comparable
with those of print- or computer-delivered interventions [5,6].
However, the vast majority of studies to date have been
conducted in high-income countries and in a single language
[7]. Since LMICs are disproportionally affected by diabetes as
well as underresourced compared with higher income countries,
research specifically examining text messaging intervention as
part of apublic health initiative in LMICs is needed.

Indiaisillustrative of other LMICs, in having ahigh prevalence
of diabetes, poor health care access, and yet a high penetration
of mobile device use. Despite its relatively low rates of
overweight and obesity, more than 62 million of India’s 1.2
billion residents are diagnosed with diabetes[8,9]. Thesizeand
heterogeneity of India’s population, limited access to health
services, and scarcity of quality-controlled clinical laboratory
facilities create barriersto intervening preventively on diabetes.
Access challenges are particularly acute in India's rural aress,
where almost 70% of the population resides [10]. Growing
evidence indicates that Indians have heightened genetic risk
and a lowered disease threshold in response to diabetes risk
factors including age, obesity, abdominal adiposity, and high
body fat percentage, resulting in increased risk of diabetes at
younger age and lower body mass than other ethnic groups[8].
The elevated and increasing risk of diabetes in the Indian
population creates an urgent need for effective interventions

http://www.jmir.org/2016/8/e207/

that can be scalable to all regions. With its large number of
mobile phone subscribers (900 million) [11], India offers atest
bed to examine whether an mHealth intervention has the
potential to reduce diabetesrisk in aLMIC population.

To date, few chronic disease prevention interventions have been
tested in the Indian population. Two studies using in-person or
telephone counseling showed feasibility, acceptability, and
preliminary evidence of efficacious screening and treatment for
prediabetic and diabetic patientsin rura India. However, these
interventions used either individual telephone counseling or a
fully equipped mobilevan [12,13], requiring extensive personnel
and equipment resources that preclude scalability and national
implementation in an LMIC. To date, the sole test of a
diabetes-related text messaging intervention in India was
conducted in men with impaired glucose tolerance, limiting
generalizability to the context of prevention in those at risk,
rather than population-level prevention [14]. To slow the
epidemic of diabetesin India, scalable prevention interventions
are needed that can address cultural, geographical, and language
barriers across the entire popul ation.

mDiabetes was atext message, public health program devel oped
to address awareness of diabetes and the corresponding risk
behaviors. The program was planned to be disseminated through
Nokia's mobile platform. The investigators leveraged an
opportunity to employ a pre-post evaluation of effectiveness of
the messages disseminated. Thus, this study aimed to evaluate
whether this 6-month text messaging intervention alone,
unaccompanied by costly, burdensome in-person visits or
telephone coaching, was acceptable to end users and could
improve behavioral risk factors for diabetes in all segments of
the Indian population. We hypothesized that those receiving
the text messaging intervention, as compared with an untreated
comparison group, would show positive changes in 4 health
behaviors that lessen diabetes risk: engagement in exercise,
avoidance of fat foods, fruit intake of 2 servings aday or more,
and vegetable intake of 2 servings aday or more. Furthermore,
we explored whether the intervention increased the prevalence
of those able to change more than a single health behavior, an
important outcome since risk behaviors cluster, and diabetes
prevention requires engaging in multiple hesalthy behaviors
[15,16].

Methods

Study Design and Participants

Text messages for the mDiabetes program were developed by
Emory University and reviewed by a Behavior Change Task
Force assembled as part of a 2011 Clinton Global Initiative
Commitment by ArogyaWorld. The 56 messagesweredesigned

JMed Internet Res 2016 | vol. 18 | iss. 8 [e207 | p.169
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.5712
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

to motivate improvement in diabetesrisk behaviorsand increase
awareness about the causes and complications of diabetes. Based
on feedback from Indian consumers, messages were culturally
tailored to be more acceptabl e and actionabl e by the popul ation.

In 2012, Nokia held a 22% marketshare in India, [17] which
enabled them to invite one million individuals from all over
Indiato opt into receive health messages; enrollment was closed
oncethat number was reached. Texts (see Multimedia A ppendix
1) were available in one of 12 languages based on participant
preference. Textsarrived in apredetermined order and frequency
(twice a week) to a dedicated inbox on the Nokia phone. A

comparison group was drawn from a database that included all

mobile phone usersin India, after excluding subscribersto Nokia
service.

Ipsos, a global market research company, implemented the
evaluation by randomly selecting samples to be interviewed
from the Nokiaand non-Nokiacohorts and conducting the phone
surveys in multiple languages. Intervention participants and
controlswererecruited in Indiafor a6-month prospective study.
Theintervention group of 982 was randomly selected from the
one million Nokia phone customers who opted in to receive
mDiabetes messages. The control group (n=943) was randomly
selected from the database including all non-Nokiamobile phone
usersinIndia. The sole€ligibility criteriawerethat participants
in both groups be adults aged 18 years and older. The research
protocol was approved by an independent ethics review
committee of the Centre for Chronic Disease Control of India,
New Delhi. The protocol was registered in the Australian New
Zealand Clinical Trials Registry, #ACTRN12615000423516.

Procedures

Between November and December of 2012, | psos staff assessed
baseline levels of behaviors by interviewing all study
participants by mobile telephone in the participant’s choice of
language. A similar follow-up interview was repeated 6 months
later in mid 2013. Interviews were scripted, conducted by
personnel who were kept blind to the interviewee's treatment
assignment, and lasted approximately 20 minutes. The baseline
and 6-month interviews comprised 19 questions asking
participants to self-report demographic information, including
residential location, age, and health behaviors. To assess
physical activity, participants were asked, “Do you exercise
currently?” with response options “yes’ or “no.” Number of
fruit and of vegetable servings was assessed with response
optionsof “0to 1 servings, 2-3 servings, or 4 or more servings.”
High fat food intake was assessed with the question, “Do you
consistently avoid eating high fat food/fried food such as
samosas, vadai, bgjji, bondas, etc.?’ with response options “
yes’ or “no.” Diabetes preventive behaviors were coded as:
endorsing exercise, endorsing avoi dance of fatty food, endorsing
consuming 2 or more servings of fruit, endorsing consuming 2
or more servings of vegetables.

Over 6 months, participantsin the active intervention condition
were sent 56 unique messages rel ated to diabetes: one message
per day for the first 6 days, then 2 messages per week.
Participantsin the control group received no study contact until
the end of the 6-month period.
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Statistical Analysis

Data checking, cleaning, and analyses were conducted in 2014
and 2015. The study was designed to detect a 10% difference
between groups on change in acomposite health behavior score
with 80% power and a 2-sided significance level of a=0.05.
Power analysis produced asample size estimate of 384 for each
group. Assuming that rural versus urban location would be a
meaningful covariate, the objective wasto recruit equal numbers
in each area. Therefore, with an estimated 15% attrition, target
recruitment was 450 participants for intervention and control,
stratified by geographic region, resulting in atotal sample size
of at least 1800.

The match between each individual’s postintervention and
preintervention survey was confirmed on the basis of phone
number and demographic data. Differences between the
intervention and control groups in baseline measures and
retention were tested by chi-square. All available surveyswere
included in the baseline analyses, but only matched pairs of
surveyswereincluded in the longitudinal analysis. To compare
the lifestyle behavior changes over time, a composite healthy
behavior change score was constructed. Each instance of
pre/postbehavior change from unhealthy statusto healthy status
was assigned a numeric score of 1; no change was assigned a
score of O; change from healthy to unhealthy was assigned a
score of —1. The scores for each of the 4 behaviors were then
summed, generating acomposite change score that ranged from
4 (when all 4 behaviors moved from unhealthy status in the
prephase to healthy status after treatment) to —4 (when al 4
behaviors changed from healthy to unhealthy). Healthful
behavior change was operationalized by the composite healthy
lifestyle improvement score [18].

Normality of the distribution of the composite score was
evaluated before conducting the primary analysis comparing
the 2 treatment groups on healthful behavior change. Ananaysis
of covariance was conducted with baseline level of behavior,
gender, and urban/rural location included as covariates.
Secondary analyses using logistic regression with the same
covariates compared the groups on the presence of each of the
4 preventive behaviors at postintervention. All analyses were
performed using in IBM SPSS Statistics (version 22) [19].

Results

During the recruitment phase of the study, 982 participants in
the intervention group and 943 in the control group consented
to take the phone survey (Table 1). A majority of the sample
were male (88.52%), lived in an urban location (68.78%), and
resided in the North of India (67.06%). At both baseline and
6-month follow-up, the intervention group had fewer males
(P<.001) and fewer individuals living in urban locations
(P<.001) than the control group. At the end of the 6-month
period, 611 (62.22%) in the intervention and 632 (67.02%) in
the control group completed the follow-up telephone survey
(P=.028).
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Table 1. Participant baseline characteristics.

Pfammatter et d

Overdl; n Control; n Experimental; n P value
Baseline 1925 943 (48.99%) 982 (51.01%)
Male 1704 (88.52%) 881 (93.43%) 823 (83.81%) <0012
Urban 1324 (68.78%) 867 (91.94%) 457 (46.54%) <0012
North India 1291 (67.06%) 653 (69.25%) 638 (64.97%) 0472
Mean age (SD) 32.2(10.6) 32.83(9.39) 31.66 (11.64) 0162
Consumes fruit 46 (2.39%) 31 (3.29%) 15 (1.53%) 0332
Consumes vegetables 75 (3.90%) 53 (5.62%) 22 (2.24%) <.0012
Consumes fat 569 (29.56%) 267 (28.31%) 302 (30.75%) 241
Exercises 1094 (56.83%) 601 (63.73%) 493 (50.20%) <0012

8t indicates statistical significance (P<.05).

After controlling for covariates (baseline behavior, gender,
urban/rural location), the treatment groups differed significantly
in their composite healthy change scores F(1, 1238) = 30.181,
P<.001, Bonferroni adjusted 95% CI (0.251-0.531), such that
participants in the intervention group reported greater
improvement in their aggregated diabetes risk behaviors over
time than participants in the control group. Figure 1,
demonstrating the distribution of change scoresfor each group,
indicates that 36.55% of participants in the control condition

http://www.jmir.org/2016/8/e207/

reported a decline in their number of healthy behaviors, as
compared with 24.71% of those in the intervention group.

Analyses shown in Table 2 revealed that, as compared with
controls, more participantsin the experimental group improved
their fruit and vegetabl e intake and reduced their fat intake after
intervention. No differential change in exercise was observed
between the groups (Figure 2). In addition, 128 (20.95%) of the
intervention group compared with 73 (11.55%) of the control
group improved 2 or more health behaviors.
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Table 2. Logistic regression of behaviors at the end of intervention by group with covariates.

Health Behavior Predictor B SEB Wald's x2 df p i
Fruit Consumption Constant -0.836 0.098 72.611 1 <.0012 0.434
(n=1243)
Baseline 0.543 0.122 19.797 1 <.0012 1721
Location 0.230 0.141 2.657 1 .103 1.259
Gender -0.132 0.199 0.441 1 .507 0.876
Group 0.549 0.133 17.023 1 <.0012 1731
Test X2 df P
Overall model evaluation 51.919 4 <.001%
Vegetable Consumption  Constant -0.357 0.110 10.452 1 <.0012 0.700
(n=1243)
Baseline 0.984 0.124 62.628 1 <.0012 2,674
Location 0.135 0.153 0.774 1 379 1.144
Gender 0.217 0.220 0.972 1 .324 1.242
Group 0.561 0.140 16.025 1 <.0012 1.753
Test X2 df P
Overall model evaluation 98.424 4 <.0012
Fat Consumption Constant 0.465 0.134 12.055 1 0012 1.593
(n=1243)
Baseline 0.463 0.144 10.332 1 0012 1.589
Location 0.446 0.179 6.215 1 0132 1.562
Gender 0.462 0271 2.902 1 .088 1.587
Group 0.510 0.156 10.739 1 0013 1.665
Test X2 df P
Overall model evaluation 46.373 4 <.001%
Physical activity Constant -0.163 0.113 2.094 1 .148 0.849
(n=1243) Baseline 0.963 0.121 63.347 1 <0012 2.620
Location 0.009 0.145 0.004 1 951 1.009
Gender 0.048 0.203 0.055 1 815 1.049
Group 0.094 0.137 0.469 1 494 1.098
Test X2 df P
Overall mode! evaluation 65.295 4 <.0012

indicates statistical significance (P<.05).
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Figure 1. Composite behavior change scores by group.

Exhibit 2: Composite behavior change scores by group
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Figure 2. Preventive behaviors present at pre and postintervention by group.

Exhibit 4: Preventive behaviors present at pre and post by group
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Discussion

Principal Findings

This study demonstrated the feasibility and initial evidence of
effectiveness of a diabetes prevention text messaging
intervention in 12 languages delivered to a sample of nearly
1000 Indian adults, drawn from both rural and urban regions.
As compared with those who were not sent diabetes-related
messages, those receiving text messages designed to enhance
awareness of diabetesrisk factorsdisplayed greater improvement
in diabetes preventive behaviors over a 6-month period. In
addition, the text messaging intervention prevented health
behaviors from deteriorating. Importantly, the minimalist and
scalable text messaging intervention improved more than one
risk behavior simultaneously, animportant feature since multiple
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co-occurring risk behaviors are implicated in the devel opment
of diabetes and other chronic diseases. Fat and fruit and
vegetable intakes all improved at 6 months in the group
receiving messaging, as compared with controls after controlling
for baseline differences between the groups. Even though the
group receiving text messages reported a small increase in
exercise relative to controls, the difference was not significant.
Consistent with findings from other studies, a more robust
i ntervention may be needed to produce improvement in physical
activity [18]. Overdl, results support the feasibility,
acceptability, and preliminary effectiveness of a low-cost,
low-burden text messaging intervention to prevent degradation
of health behaviors over time and to promote the acquisition of
diabetes preventive behaviors.

Diabetesimposes a devastating socioeconomic burden globally,
especialy inthe developing world. Although effective diabetes
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preventive interventions exist, including those evaluated in the
Diabetes Prevention Program, the Finnish Diabetes Prevention
Study, the Malmo Study of Sweden, and the Da Qinq IGT and
Diabetes Study of China, most successful treatments are very
burdensome and costly [20-23]. An urgent need existsto develop
effective, scalable interventions that are adaptable for different
cultures at low per-patient cost. As mobile phone use continues
to increase, the use of mHealth interventions to address public
health problems growsincreasingly feasible and attractive[23].
Results of this study adds to the emerging evidence that
population level healthy lifestyle change may be attainable
through low-cost mobile health interventions [24].

Limitations

This study had severa limitations that should be considered
when interpreting the results. First, the absence of random
assignment to treatment groups resulted in some imbalancesin
the baseline characteristics of the groups. We addressed these
by controlling for covariates in the analyses; however, it is
possible that inherent differences between the intervention and
control populations remained. Second, the selection of
participants may have been biased toward those having greater
than averageinterest in health, given that al participantsagreed
to answer questions about their health. Measurement error and
social desirability bias may have been operative since
participants behaviorswere self-reported rather than objectively
measured. Although these sel ection biases are of concern, they
apply similarly and nondifferentially to participants in both
groups. This study was constrained by time and cost of asking
multiple questionsin multiple languages and as such was unable
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to use longer, more rigorous assessments of diet quality. Thus,
to assessinitial feasibility and potential for public health benefit,
brief questionswere used. Another measurement challenge that
affected both groups was that, to avoid appearing rude or
insulting, interviewers inferred the participant’s gender by
listening to his/her voice on the telephone, rather than directly
asking. The reliability of interviewers reports of gender is
unknown. Generalizability of these findings beyond the Indian
Nokia user context cannot be assumed. However, given high
rates of cellphone penetration in other LMICs, we expect that
our findings are likely to generalize, particularly if messages
are culturally tailored as they were in this study.

The results from this study demonstrate that health promotion
text messaging interventions are feasible to implement in 12
languages, acrossalarge LMIC population, and can be effective
in improving behaviors that heighten the risk of diabetes and
other chronic diseases. With its low cost and burden, text
messaging intervention holds the potential to represent sound
and effective public health investment. The cost of Arogya
World's one million-person program was $0.65 per person,
including program development, transmission, and
measurement. The current global epidemic of noncommunicable
disease creates an urgent need for proven, simple, transportable,
readily executable strategiesthat offer hope for chronic disease
prevention at the population level particularly in LMICs.
Population-level mobile health promotion interventionslike the
one described, show promise to meet that need. Additional
evaluation using randomized trial design with measurement of
objective outcomes will add to the evidence base for the use of
mobile technology in chronic disease prevention.
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Abstract

Background: China's mHealth market is on track to become a global leader by industry size. The Chinese maobile app market
and health care system have peculiarities that distinguish them from other app markets. To date, Chinese mHealth apps have not
been systematically investigated.

Objective: The objective of this study was to provide an overview of Chinese mHealth apps as of December 2015.

Methods: We identified and investigated the most downloaded apps from the iOS and Android platforms. For each app, we
analyzed and recorded its main service offered, mHealth initiative, disease and specialty focus, app cost, target user, Web app
availability, and emphasis on information security. Standard descriptive statistics were used.

Results: A total of 234 apps met the inclusion criteria and were investigated. The apps targeting nonhealth care professionals
focused on providing telemedicine and appointment-making services. The apps targeting health care professionals focused on
education and peer reviewed articles. The most common disease-specific apps focused primarily on diabetes, hypertension, and
hepatitis management. Most apps were free and available on both iOS and Android platforms.

Conclusions: The primary mHealth initiatives targeted by the apps reflect Chinese patients' demand for access to medical care.
Disease-specific apps are also representative of disease prevalence in China. Government press rel eases suggest that new policies
on the horizon may shift the industry.

(J Med Internet Res 2016;18(8):6222) doi:10.2196/jmir.5955

KEYWORDS
mobile health applications; mHealth; medical informatics, China

[3,4]. To our knowledge, mHealth appsin Mainland Chinahave

Introduction not been systematically evaluated.

mHealth, an area of el ectronic health, isthe prOViSion of health China's mHealth industry isa rap|d|y gro\N| ng sector with a

services and information viamabile technol ogies such asmobile
phones[1,2]. mHealth apps have epitomized the typical mHealth
service. These apps have the potential to cut costs, promote
patient engagement, and improve health outcomes [3]. Much
has been reported about the services in developed countries

http://www.jmir.org/2016/8/e222/
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year-on-year growth rate of 29% in 2014 and a forecasted
growth rate of 49% in 2015 [5]. The market size is expected to
reach ¥7.18 hillion (approximately US $1.08 billion) in 2016
and ¥12.5 billion (approximately US $1.90 billion) in 2017 [6].
In China, patients often have difficulty gaining access to
appropriate medical care [7-9]. mHealth has the potential to
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provide widely accessible services that can be individually
tailored and easily adopted.

An understanding of the Chinese health care system and
smartphone usage provides a framework for understanding
mHealth apps in China. The Chinese health care system has
peculiaritiesthat make mHealth aviable option. On the surface,
the overall Chinese medical system can be comparable with
those in advanced countries. In 2011, the doctor to patient ratio
was not profoundly different between Chinaand other devel oped
countries: 1.5 per 1000 patientsin Chinaversus 2.5 in the United
States and 2.7 in the United Kingdom [10]. The imbalances
within the Chinese health care system become apparent when
comparing urban versus rural areas. Health care expenditure
varied by nearly 4-fold in 2009 between urban and rural areas
[11]. Asthe overall health care system grew between 1980 and
2006, the number of bedsin rural areasactually decreased. Also,
the quality of care was far inferior in rural areas: the infant
mortality rate was 16.1% in rural areas versus 5.8% in urban
areas[11]. Dueto the imbalance of medical resources, patients
flock to urban areas seeking medical resources. The
displacement of rural patientsto urban areas causes difficulties
in obtaining access to high-quality care, since rural and urban
patients all compete for access to the same medical resources.

The smartphone usage rate is also unique in China. In 2014,
62% of the Chinese population between 16 and 59 years old
owned a smartphone. By city tiers, smartphone ownership
among the same age range was 94% in tier 1 citiesand 75% to
88% intier 2 cities, whilethe ratein rural areaswas 32% [12].
Also, the Android platform holds a strong foothold with
approximately 70% share of the smartphone market [13]. The
main Android app storesin China are operated by Baidu, 360,
and Tencent; Google Play has been absent since a 2010
censorship dispute [14]. The app markets in China, whether
iOSor Android, al have multistep quality and content screening
before apps are showcased in the store [15-18]. However, the
specific rejection criteria differ across each store and are
summarized in Multimedia Appendix 1.

The purpose of this study was to provide an overview of the
leading mHealth appsin Mainland Chinaas of December 2015.
This study investigated each app with regard to availability,
service, and data security to understand the current state of the
Chinese mHealth market. In this study, we focused on
medical-related apps instead of general health care. Heresfter,
mHealth refers to mobile apps as they pertain to medicine.

Methods

Selection of Apps

We sampled apps from both the Android (Google, Mountain
View, CA, USA) and iOS (Apple Inc, Cupertino, CA, USA)
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mobile phone app stores. For Android, we sampled apps from
the 3 largest Android app stores in China operated by Tencent
(Tencent Holdings Limited, Shenzhen, China), Baidu (Baidu,
Inc, Beijing, China), and 360 (Qihoo 360 Technology Co. Ltd,
Beijing, China). The 3 stores make up nearly 60% of the Chinese
Android market share [19]. For iOS, we used App Annie (App
Annie, San Francisco, CA, USA) to gather the list on China's
iOS market. We obtained the sample of apps on December 5,
2015.

We collected the top 100 apps according to each app store. The
Android storeslisted free and paid appstogether. TheiOS apps
separately listed free and paid apps; thus, we collected both the
top 100 free and top 100 paid apps. We systematically evaluated
the free apps and but did only a cursory assessment of the paid
ones.

We selected apps from the medical category for further
evaluation. We then reviewed the apps for potential inclusion
into the study. Theinclusion criteriawere asfollows: simplified
Chinese language, service tailored toward Mainland China
(excluding Taiwan, Hong Kong, and Macau regions), and
services pertaining to health care and medicine, not general
health. For example, we omitted weight loss, exercise, smoking
cessation, and menstrual cycle management apps (Figure 1).

The initial screening was completed by 4 authors: LD, YYM,
ZHT, and CZR. The apps included for further evaluation were
randomly assigned to these 4 authors. Each app was reviewed
using information from the app store description, the app’s
website (if available), and the app itself. We then reviewed each
app collectively to ensure accuracy. If discrepancies existed,
the particular app was discussed and a consensus was reached.
For each app, we identified the main service offered, mHealth
initiative, disease and specialty focus, app cost, target user, Web
app availability, and emphasis on information security.

Categorization of Apps

We recorded what service was offered based on the app store
description and assigned the app to a corresponding mHealth
initiative. mHealth initiative describes where an app’s service
lies along the continuum of medical service delivery. In this
study, we adopted the categorization of mHealth initiativesfrom
2 previous reports [1,6] and tailored it for the Chinese market.
The 10 health initiatives used in this study were asfollows: (1)
appointment making, (2) reminders, (3) telemedicine, (4) records
and patient monitoring, (5) pharmacy, (6) disease awareness,
(7) clinical decision support, (8) discussion forums, (9) medical
education and scholarly articles, and (10) other (Table 1). Each
app could have one or more identified mHealth factors.

JMed Internet Res 2016 | vol. 18 | iss. 8 [e222 | p.178
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 1. Flowchart of the selection process for Chinese mHealth apps.
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i0s Android
iOS Free iOS Paid Baidu Tencent 360
(n=100) (n=100) (n=100) (n=100) (n=100)

W

Initial list (n=500)

Eliminate: duplicates
(n=229)

Eliminate: English,
non-China focused,
health apps (n=30)

apps

Chinese Medical

n=241)

Eliminate: no data
(n=7)

Final inclusion
(n=234)

Table 1. mHealth initiatives previously reported and used in the categorization of Chinese mHealth apps in this study.

Previously published categories® Categories adapted for this study
Call center Appointment making

Reminders Reminders

Telemedicine Telemedicine

Records Records and patient monitoring®
Treatment Pharmacy

Awareness Disease awareness

Patient monitori ngb
Decision support
Discussion forum
Scholarly articles

Other Other

Records and patient monitoring
Clinical decision support
Discussion forum

Medical education and scholarly articles

830urces: Ryu [1] and Xiaohui et al [6].

Bin previous reports, patient monitoring was an individual factor. In this study, patient monitoring was categorized together with records.

We assessed the disease and medical specialty of an app by the
app’s name, app store description, and website. We matched
the diseases we identified to its closest International
Classification of Diseases, Tenth Revision counterpart.

App cost referred only to the cost at download. Additional fees
incurred after usage were difficult to systematically evaluate
and thus were not considered. We considered cost to be a
binomial variable.

For target users, we classified apps as being focused on health
care professionals (HCPs), non-HCPs, or both. HCPs referred

http://www.jmir.org/2016/8/e222/
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to those included in the World Health Organization’s health
professional categorization [20]. Since clinicians in public
Chinese hospitals are typically required to conduct research
[4,21], we aso included clinical research-focused apps, even
though the WHO categorizesthis profession under life sciences.
Appsidentified as “both” had an HCP and a non-HCP version
available.

For Web app availability, we examined the app store and website
to determine whether a Web-based version of the app was
available.
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Finally, we examined whether an app emphasized information
security. China lacks an industry standard or legidation
regarding medical information safety or privacy similar to the
Health Insurance Portability and Accountability Act in the
United States[22]. Thus, for information security, we evaluated
whether each app self-reported relevant information security
measures. We labeled information security for each app as
absent, present, or complete. For apps to have complete
information security, they had to present documentation or a
link referencing a third-party auditor.

Categorizations were made based on the description in the
corresponding app store. For apps that were present in multiple
app stores, we ensured the consistency of the descriptions across
stores and eliminated duplicates. Some apps had a patient and
aclinician version. We evaluated these as one entry. Descriptive
statistics were used to describe the characteristics of the apps.
Heat maps were used to identify the areas of the market
receiving the most traction.

Results

There were 241 unique apps that met the inclusion criteria.
When we analyzed the apps, 7 were not available or had been
taken offline, and thus we eliminated them from the final list.
We analyzed atotal of 234 apps. Of these, 195 were available
in both iOS and Android app stores. However, 22 (9.4%) and
17 (7.3%) of the apps were available exclusively in theiOS and
Android app stores, respectively.

Themost common medical initiativeswere telemedicine, disease
awareness, appointment making, and records and patient

Hsu et al

monitoring (Figure 2). The least common service factors were
reminders and clinical decision support. Apps classified under
other servicesincluded pharmaceutical drug information, drug
delivery, insurance plans, and online-to-offline (O20) health
checkup services. We subdivided each medical initiative into
the corresponding target user. Apart from clinical decision
support and medical education, which primarily focused on
HCPs, all other health initiatives were mainly aimed at non-HCP
users.

Of the apps, 185 targeted non-HCPs, while 34 targeted HCPs,
and 15 had both versions available. A total of 210 (89.7%) of
the mHealth apps in China were free. All the paid apps were
from the iOS app store. Nearly one-third (154/234, 65.8%) of
the apps had both a mobile and a Web-based version. 227 of
234 apps (97.0%) of the apps did not mention information
security (Figure 3). Of the 7 apps (3.0%) that mentioned
information security, none had undergone external auditing.

We created heat maps to examine the distribution of appsaong
the medical initiative, and the disease and medical specialty
spectrum. The most common diseases were diabetes,
hypertension, liver disease (genera), and infertility (Figure 4,
top). For diabetes, the appswere focused on record keeping and
patient education. The most common specialties were general
medicine, obstetrics and gynecology, endocrinology,
pharmacology, and traditional Chinese medicine (Figure 4,
bottom). Apps classified under genera medicine covered an
assortment of specialtieswithout an emphasison any particular
one.

Figure 2. Distribution of Chinese mHealth apps according to medical initiative and user type. HCP: health care professional.
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Figure 3. Features of the Chinese mHealth app landscape. Top left: Venn diagram of Chinese mHealth apps’ target users; top right: distribution of paid
and free apps; bottom left: portion of apps with and without a Web-based version; bottom right: portion of apps with medical information security

measures. HCP: health care professional.
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Payment
Target user = Paid ® Free
Web app Security
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" None ®™Yes ™ Comprehensive

Figure 4. Heat map of medical initiative targeted by applications from (top) each disease and (bottom) medical specialty. Note white numbers refer to
the count of apps within each specialty. Warmer colorsrefer to higher count. *Medical education includes dissemination of scholarly articles. OBGY N:
obstetrics and gynecology; TCM: traditional Chinese medicine.
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mainly non-HCPs. An overwhelming majority did not mention
information security. We discuss each aspect further below.

Principal Findings mHealth I nitiatives

Thisstudy provided asnapshot of the ChinesemHealthindustry - Through the heat map and mHealth initiative analyses (Figure
in December 2015. The primary mHealth initiatives targeted  4), we found that among the most common mHealth initiatives
by the apps reflected Chinese patients’ demand for access to  weretelemedicine, appointment making, and medical education.
medical care. The primary initiativesweretelemedicine, disease  Telemedicine can broadly be defined as the use of
awareness, appointment making, and record keeping, followed  tejecommunicationstechnol ogiesto provide medical information
by medical education and scholarly information. The and services [23]. The use of telemedicine to diagnose and
overwhelming majority of the apps were not specific to a prescribe medication has yet to be legalized in China This
medical specialty. However, the apps that targeted a disease  jmplies that the actual service delivered in telemedicine was
reflected prevalent conditions in China such as diabetes, |imited to general medical inquiries, with limited medical actions
hypertension, and hepatitis. The target users among apps were

Discussion
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involved. Appointment making reflects a phenomenon across
China of patients lacking accessto clinicians[7,9].

Here, we discuss the role and background of hospital
appointment making. In 2009, the Chinese Ministry of Health
required all public hospitals of level 3 [24] or higher to allow
appointment-making services and prohibited partnering with
third-party agenciesto profit from these services[25]. In recent
years, for a given public hospital, available appointment dates
have been provided directly on the hospital’s
appointment-making system, public (municipal or provincial)
third-party systems, or private third parties such as apps. (Of
note, in the Peking Union Medical College Hospital in particular,
the ratio of self-distributed to public third-party distribution is
7t0 3.) These apps obtain anumber of appointments by signing
agreements with hospitals or with individual doctors. Apps
solvethe problem of difficult access by (1) aggregating hospital
appointment availabilities on their platform, thus preventing
patients from waiting at fully booked hospitals or (2) partnering
with individual doctors to provide consultations on personal
freetime.

Apps focused on medical education and scholarly articles
targeted two fundamental demands in the Chinese health care
market: access to reliable information, and clinicians’ need to
publish peer reviewed articles. The proliferation of discussion
forums and unregulated “medical” articles on the Internet and
apps makes reliable information a rare commodity. The
abundance of medical education apps appearsto target this need.

On the other hand, a clinician’s professional advancement is
dependent on many factors, of which publishing peer reviewed
articles is crucial [21,26]. The availability of apps to provide
articles and assist with the writing process can be an attempt to
supply this demand. These apps provide writing resources such
as editing and actual writing, and provide access to scholarly
articles. This accessis often through a Chinese trandlation or a
summary of the original article (most often in English).

Disease- and Specialty-Specific Apps

We examined the distribution of diseasesand medical specialties
in the mHealth industry through a heat map plotted against
medical initiative. When examining the frequency of apps on
adisease basis, we determined diabetes to be the most common,
followed by hypertension and hepatitis. Thisis consistent with
epidemiological surveys pointing to these diseases as the most
prevalent in Mainland China. According to a report from the
Chinese Center for Disease Control, the prevalence of
hypertension among Chinese adults was 33.5% (amounting to
roughly 330 million hypertension patients) [27]. A recent study
showed the prevalence of type 2 diabetes at 11.6% of the
population (amounting to about 90 million diabetes patients)
[28]. Since mHealth apps for these diseases focused almost
exclusively on disease monitoring and recording, market forces
driven by pharmaceutical drug sales may not be the key factor
for app providers. Rather, it may be the distribution of
monitoring devices. Diabetes is monitored by glucometers and
single-use disposable test strips, versus repeated-use blood
pressure machines for hypertension. The market opportunity
for diabetes in mHealth is believed to be greater than that for
hypertension due to the nature of disease management and
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monitoring, despite hypertension having nearly triple the patient
volume.

Unlike many devel oped countriesin theworld, in Chinahepatitis
B isendemic. Approximately one-third of worldwide cases are
in Mainland China[29]. A report noted 120 million carriers of
hepatitis B virus in China and 30 million patients who are
chronically infected [30]. The existence of apps targeting
hepatitis is consistent with the disease’s endemic nature in
China

The heat map of medical specialty by health initiative provided
more information about the industry asawhole. By far the most
heavily targeted specialty, or lack thereof, is general medicine.
The apps here mainly focused on appointment making and
telemedicine. The telemedicine services offered were often a
“lite” version of medical history taking, since patients were
provided with general answers and then encouraged to seek
specific guidance through in-app appointments. Thus, despite
telemedicine and appointment making having lexical and
implicit differences, Chinese mHealth apps providing
telemedicine services were more synonymous than they
appeared based on the above analysis. This finding reinforces
the difficulty of accessing care.

Another popular area was pharmacology. The apps in
pharmacol ogy provided patients with accessto online or offline
pharmacies and provided clinicianswith pocket drug references.
Pharmacol ogy-related apps aimed to provide convenience for
patients who require drug refills and cannot repeatedly travel
to community pharmacies or hospitals. Community pharmacies
often do not carry a full repertoire of prescription drugs, and
the current stateinsurance policy coversin-hospital prescriptions
for 14 days for able-bodied patients and up to 30 days for
disabled patients. On the other hand, pharmacology apps
targeting clinicians, pharmacists, and other HCPs provided
references for dosing, interactions, and alternative drugs. The
incorporation of pharmacology appsinto HCPs' daily practice
appears to be a mainstay in China and many other countries
[31,32].

Web App

Accessing an app from different media can allow users to
experiencethe app differently and can serve different purposes.
The apps in this study focused on mobile phones. However,
about one-third of the apps also had a Web-based version. The
main difference between the Web app and mobile app was the
ability for users to view historical data organized in reports or
graphsin the Web-based version. It has been reported that data
visualization and context awareness could enhance an app’s
utility [33].

Target User and Payment

An app’s target user can provide information about market
opportunities and underlying market forces facing app
developers. Our analysis showed that app devel opers preferred
targeting the non-HCP user, perhaps due to easier user
acquisition and alarger potential user base. The HCP-oriented
apps mainly provided services through medical education or
scholarly articles. Few focused on medical care delivery or
integration into hospital care. Thiscan be explained by financial
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compensation related to publication requirements [21,26]. A
physician’s compensation is directly tied to his or her position
inahospital hierarchy. Among many factors, publication quotas
are mandatory evaluation metricsin many hospitals. We believe
that this demand on physicians compliments an app developers
need to grow and retain a steady user base. There were 10 apps
with both an HCP and anon-HCP version available. These apps
all allowed communication between the two parties.

Most apps in China were free for users to download and use.
All apps surveyed from the Android app stores were free.
Chinese users are likely accustomed to using free apps.

Security

We examined the lack of information security from two
perspectives: market forces and government regulations. Nearly
all apps failed to mention on their website or user agreement
form about securing the users' information. This can imply

Hsu et al

gross negligence from the devel oper or use of the datafor other
purposes. The latter islikely the underlying motive because, as
noted by notable industry agencies, information can be
knowingly or unknowingly sold to marketersfor financial gains
[34].

We aso considered information security from a policy
perspective. We examined policies pertaining to medical apps
by reviewing documents from the People's Republic of China
State Council’s official website [35] dated between 2013 and
2015. The search waslimited to “ Internet,” “Internet plus health
care” and “Internet plus medicine” All results were read and
screened by a Chinese Health Care Policy analyst (author LD)
for relevance. Among the more than three thousand policies
and documents available, no direct laws governing medical
apps, let done mHealth security, were found, and only 11
official releases were identified that can directly or indirectly
affect the operation of medical apps (Table 2).

Table 2. Documents? by the Chinese State Council or General office of the State Council related to the governance of mHealth.

Document Document content Targeted industry
number
1 Internet plus action plan Manufacturing, transportation, information
technology
2 Action outline on promoting the development of big data Manufacturing, transportation, information
technology
3 Medical services and health care system planning guideline (2015-2020) Hesalth
4 Circular on boosting the development of e-commerce Comprehensive government affairs
5 Guideline on strengthening support for consumer services to upgrade consumption  Commerce
6 Guideline on further boosting consumption as akey component in driving economic - Commerce
devel opment
7 Guideline on pushing integrated medical and nursing care for the elderly Health
8 Circular on strengthening the Patriotic Hygiene Campaign in the new era Hesalth
9 Opinions on using big data technology to improve the government’s supervisory re-  Manufacturing, transportation, information
sponsibilities and services for market entities. technology
10 Opinions on cracking down on infringement of intellectual property rightsand the  Science, education, intellectual property
production of fake and inferior commoditiesin cyberspace to safeguard the healthy
development of e-commerce
11 The legislation working plan of 2015 Generd

850urce: State Council of the People's Republic of China[35].

The scope of mHealth apps can cross into many industries.
Documents mentioning mHealth targeted industries such as
information technol ogy, manufacturing, health care, commerce,
and intellectual property. The fact that many policies, across
various industries, mention mHealth suggests that the Chinese
government recognizes the future potential of the industry but
hasyet to dictate a clear stance on how to regulate thisrelatively
new industry. Thelack of specific policiestoward mHealth may
be due to the difficulty in pinpointing which industry it liesin.

Platform

Most apps were available on both app platforms. Android
dominates the Chinese smartphone market at over 70% market
share [13]. The iOS app store is known to have more apps
available than the Android store. However, many are not specific

http://www.jmir.org/2016/8/e222/

tothe Chinese market. It is possiblethat mHealth app companies
are developing the apps domestically and targeting consumers
on both platforms.

Limitations

There are limitations to this study. First, the number of apps
sampled issmall and cannot fully explain the market. This study
was meant to provide a snapshot of the industry as a whole
rather than details along each medical speciaty. To fully
understand the availability and characteristics of the apps for
each specialty, the analysis should be done in disease or
specialty verticals. Second, this study focused on medical apps
while excluding general health apps. This allowed for a more
homogeneous analysis, since apps targeting healthy users and

JMed Internet Res 2016 | vol. 18 | iss. 8 [222 | p.183
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

sick users are likely different in nature. However, we excluded
alarge portion of apps from the analysis.

Prospective

In the future, a shift in mHealth apps from delivering purely
online servicesto an O20 approach isexpected. 020, aconcept
common in Chinese e-commerce, refers to an integration of
offline businessesinto online commerce[36,37]. Online services
in health care can refer to mobile apps, websites, or other digital
tools. Offline services include services delivered in physical
sites such as hospitals, clinics, pharmacies, and health centers.
Theidea of O20 in mHealth refers to the integration of online
services delivered via apps with “traditional” health service
providers. Possible applications include prescription apps that
allow patients with existing prescriptions to have their drugs
delivered by alocal pharmacy, and third-party appsthat provide
electronic health records services linked to the electronic
medical records of aregional clinic.

As of July 2016, the government released legidation banning
mHealth apps from providing appointments for patients. The
legidlation requires appointments to be made directly through
the hospital, not a third-party provider. The reasons behind the
ban were to ensure the integrity of the hospitals and protect
patients’ interests. Most Chinese hospitals are nonprofit public
institutions. Providing public resourcesto partnering companies
for financial gain violates their nonprofit nature. In addition,
third-party appointment-making apps commonly tack on a cost
premium for each service-seeking patient. Finally, allowing
third-party appointment-making appsto serve individuals who
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can afford a premium is a detriment to nonpremium-paying
patients. Thus, it behooves the government to ban this service
to protect the general public and prevent private-public
partnerships from hoarding publicly available resources.

A growing trend, internationally and domestically, is alowing
clinicians to send prescriptions via apps. Services offered in
this space have obvious financia incentives and safety risks.
The development of the prescription app industry is expected
to catch the government’s attention. Thereis precedencefor the
government to interject and control specific health markets.
How or when that will occur is to be determined. As policy
shiftsloom on the horizon, mHealth providers must react. One
common theme found in China and in the United States is that
the* grassroots entrepreneurial nature of the market” [3] appears
to be the main driver of the mHealth industry.

Conclusion

mHealth in Chinais alarge and continuously growing market.
The potential to disrupt thetraditional health care market exists.
At the end of 2015, the Chinese mHealth market targeted the
nonprofessional user. The services offered heavily focused on
the demands of HCPs and non-HCPs, such as publishing peer
reviewed papers and gaining access to clinicians, respectively.
Also, a unifying policy or standard from the Chinese central
government or the China Food and Drug Administration to
govern this industry is lacking, but evidence shows that the
government is cognizant of the potential this industry and
regulations may have in the near future.
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Abstract

Background: Social mediaplatforms areincreasingly being used to support individuals in behavior change attempts, including
smoking cessation. Examining the interactions of participants in health-related socia media groups can help inform our
understanding of how these groups can best be leveraged to facilitate behavior change.

Objective: Theaim of thisstudy wasto analyze patterns of participation, self-reported smoking cessation length, and interactions
within the National Cancer Institutes' Facebook community for smoking cessation support.

Methods: Our sample consisted of approximately 4243 individuals who interacted (eg, posted, commented) on the public
Smokefree Women Facebook page during the time of data collection. In Phase 1, social network visuaizations and centrality
measures were used to eval uate network structure and engagement. In Phase 2, an inductive, thematic qualitative content analysis
was conducted with asubsample of 500 individuals, and correlational analysiswas used to determine how participant engagement
was associated with self-reported session length.

Results: Between February 2013 and March 2014, there were 875 posts and 4088 comments from approximately 4243 participants.
Social network visualizations revealed the moderator’s role in keeping the community together and distributing the most active
participants. Correlation analyses suggest that engagement in the network was significantly inversely associated with cessation
status (Spearman correlation coefficient = —0.14, P=.03, N=243). The content analysis of 1698 posts from 500 randomly selected
participantsidentified the most frequent interactionsin the community as providing support (43%, n=721) and announcing number
of days smoke free (41%, n=689).

Conclusions: These findings highlight the importance of the moderator for network engagement and provide helpful insights
into the patterns and types of interactions participants are engaging in. This study adds knowledge of how the social network of
a smoking cessation community behaves within the confines of a Facebook group.

(J Med Internet Res 2016;18(8):€205) doi:10.2196/jmir.5574
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Introduction

Although the preval ence of smoking has been steadily declining,
an estimated 42.1 million adults in the United States still
currently smoke cigarettes [1,2]. Tobacco use continues to be
the single largest preventable cause of death and diseasein the
United States, accounting for 1 of every 5 deaths[1,2]. Reducing
the number of smoking individuals remains crucial for
improving public health in the United States. For this reason,
the National Cancer Institutes' (NCIs) Smokefree.gov program
exists as an open access Web-based smoking cessation
intervention designed to provide resources and support to current
smokers as well as family and friends looking to support
someone who wants to quit smoking.

The Smokefree.gov program evolved from a single website to
asuite of resources and supporting platformsastechnology and
literature for Web-based health interventions has advanced.
There has been an emphasis on providing personalized resources
for specific subgroups of smokers, and this analysisfocuseson
the Smokefree Women Facebook page, a resource devel oped
specifically for women. Approximately 15% of women in the
United States smoke [3], and female smokers face unique
challengesin quitting, including weight concerns, quitting while
pregnant, stress, and depression and thus can potentially benefit
from gender-specific smoking cessation resources [4]. To this
end, the Smokefree Women Facebook page was launched in
2009 to engage women and their social networks in the
conversation on quitting smoking. The Smokefree Women
Facebook pageis meant to serve asavirtual support community
and provides quit smoking and health information from the NCI
to encourage members to lead healthier, smoke-free, lives and
to engage women and their social networksin the conversation
on quitting smoking. The purpose of the current analysisisto
better understand the social network behavior and interactions
of participants within the Smokefree Women Facebook group.

Systematic reviews of the literature on Web-based social
networks for heath indicate the need for further use and
evaluation of tools such as Facebook for health-related
information dissemination, surveillance, observation, prediction,
and behavior change [5-7]. Maher et a [7] call for novel
applications of computational methodologies to alow for
nuanced understanding of social network sites without
manipulation of the network. One such approach, social network
analysis, is a collection of computational methods that can
provideinsight into the structure of asocial networking siteand
interactions and behaviors among participants.

Existing research using social network analysis uncovers
phenomenathat may contribute to the efficacy of interventions.
For example, in a controlled social network experiment, it was
found that social reinforcement signalsfacilitated by clustering
of social tiesimproved individual behavior adoption—adoption
in this study being the act of registering for an Internet-based
health forum [8]. Beyond benefitsfor individual action, clustered
networks served to diffuse the behavior more quickly than

http://www.jmir.org/2016/8/e205/

random networks [6]. In addition, a social network analysis
study on the smoking cessation website “ QuitNet” concluded
that characteristics for a sustainable social network include
persistence of members over time, heterogeneity of cessation
status, and bidirectional communications[9]. In a content-based
network analysis of "QuitNet," theme-based thresholds (eg,
support theme, advice theme) for identification of meaningful
theme-based social subnetworks and identification of opinion
leaders and subcommunity clusters within the theme-based
networks [10]. Further application of social network analysis
in existing behavior change support communities may uncover
underlying psychosocial mechanisms useful for driving
innovation and strategy in public health interventions.

To our knowledge, few if any studies have performed socia
network analysis within Facebook groups. Given the nature of
theplatform, network behavior in a Facebook group isinherently
confounded by the Facebook agorithm [11]. In other words,
all content, interactions, and users within and outside the group
are subject to various manipulations that serve the goal of the
host. Rather than deter the study of networks on Facebook, these
conflicts mandate their study. Many heath interventions,
resources, programs, and naturally spawned social support
groups live on Facebook due to its ease of usage and large
existing audience. To support and improve the functionality of
these communities, visualizations of network behavior within
the confines of the platform are necessary.

Launched in 2009, the Smokefree Women Facebook group saw
improved growth and engagement after a significant strategy
shift documented by Post et al [12]. The strategy modification
focused on repurposing user-generated content to encourage
engagement in lieu of primarily promoting Smokefree resources
[12]. With over 22,000 fans (“likes’ on the page) at the time of
data collection averaging 1700 user comments, 110 shares, and
6300 likes monthly, the community was ripe for an exploration
of user interactions.

The goal of this study was to analyze patterns of participation,
self-reported smoking cessation length, and interactions within
the Smokefree Women Facebook group. In addition to
visuaizing the network structure, this study sought to analyze
user content for potential themes and explore correlates of
self-reported cessation length with placement within the
network. The study combined quantitative and qualitative
methodsto answer the following exploratory research questions:
(1) What are the characteristics of the network structure? and
(2) How do peopleinteract in the social networking site?

Methods

Sample

The Smokefree Women Facebook page is an open-access
smoking cessation community. Built as an extension of the
NCIS  Web-assisted tobacco cessation intervention,
Smokefree.gov, the Smokefree Women Facebook page was
specifically created for the purpose of helping individuals
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achieve sustained abstinence from smoking. On the Smokefree
Women Facebook page, participants communicate and interact
with one another and the moderator by likes, comments,
comment likes, and shares (see Table 1 for description). The
page moderator (“Page Admin” or “Smokefree Women”), a
trained public health professional, frequently posts unique and
participant-generated content to the page to facilitate
engagement, share information, and support women in smoking

Table 1. Facebook interactions and definitions.

Cole-Lewiset a

cessation. At thetime of data collection, the Smokefree Women
Facebook page had over 22,000 fans, or participants who had
“liked” the page, with up to 2500 participants actively
interacting on the Smokefree Women Facebook page monthly.
Our sample consisted of individualswho interacted (eg, posted,
commented) on the Smokefree Women Facebook page between
February 2013 and March 2014 (n=4243).

Interaction Definition

Moderator posts

Content posted by the moderator on the Facebook page wall (visible to all participants who visit the page and vis-

ible on “Home” newsfeed of participants based on Facebook algorithm)

Participant posts

Content posted by participants to the Smokefree Women Facebook page wall (visible on the left side of the page

to al participants who visit the page but not necessarily visible on “Home” newsfeed of participants)

Shares
Comments
Likes

Comment likes

When a participant comments on a post

When a participant shares content from the Smokefree Women page on their own wall

When a participant clicks the “thumbs up” button on a post to indicate “liking”

When a participant “likes’ the comment of another participant

Phase|

In Phase | of this study, we examined the network structure by
conducting socia network analysis, which provides a visual
and descriptive analysis of the network, including a metric for
participant engagement—centrality. We aso explore user
interactions through automated text analysis, which provides
insight on how participant engagement in the network isrelated
to content shared.

Data Collection: Full Sample

Datawere collected retrospectively in March 2014 from Simply
Measured, a social media management marketing platform for
al interactions on the Smokefree Women Facebook page,
between February 2013 and March 2014. Table 1 provides an
overview of Facebook interactions used for this study. All data
published on Facebook are publicly available. Personal
identifiers were masked to all except members of the research
team directly involved in data analysis.

Analysis Strategies: Social Network Analysis

Networks consist of nodes and edges where an edge connects
2 nodes, and network structure is determined by the pattern of
connectivity between all nodes [13]. In the Smokefree Women
social network, page participants are considered to be nodes
(dots), and an edge (line) between 2 parti cipants represents that
they have interacted during the study period. Interactions
consisted of comments on posts unless otherwise noted.

Centrality measures are used to evaluate which of the nodesin
anetwork are most important to the network [13]. As network
structure is determined using comments and posts, for the
purposes of thisstudy, centrality isal so ameasure of participant
engagement in the network. Eigenvector centrality is the
measure of centrality used in this study due to the exploratory
nature of the research questions. Eigenvector centrality was
calculated for each participant in the study.

http://www.jmir.org/2016/8/e205/

Eigenvector centrality is a measure of centrality that is based
on a recursive definition where a node's importance is
determined by the importance of adjacent nodes. This is
equivalent to evaluating the leading eigenvector of the adjacency
matrix. For instance, consider 2 nodes—A and B—that are each
connected to 2 additional nodes. Suppose node A is connected
to 2 nodes that are connected to several other nodes and thus
link 2 communities, whereas node B is connected to 2 nodes
that are at the periphery of a network and not connected to any
other nodes; node A will have high eigenvector centrality,
whereas node B will have low eigenvector centrality.

Visualization of the Networ k

For the sake of simplicity, for all visualizations, the network
was treated as an undirected graph where edges (connections
between nodes) of the network do not have adirection and only
indicate that 2 individuals have interacted. Moreover, the
network was treated as unweighted (unless otherwise noted),
meaning that an edge can represent 1 interaction with a person
or 10 interactions with the same person. This unweighted
approach focuses on interpretation of the breadth of interactions
between people in the network, as opposed to depth of
interactions between any 2 people.

The network was visualized with the Smokefree Women
Facebook moderator, both included and excluded. Therefore,
when the moderator was not present, the visualization
represented parti cipant-to-participant interactions specifically.
Moreover, there is a magnification of the network without the
presence of the moderator and highlighted centrality with a
blue-to-red increasing color scale, where blue nodes are the
least central, and red nodes are the most central.

A force-directed layout algorithm was used to position the nodes
in the network for the visudlizations. Specificaly,
Fruchterman-Reingold’s [14] algorithm, based on physical
forces, was used. Nodes are attracted or repelled based on the
connectivity of the network in away that produces a visually
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appealing representation [14]. For the purpose of this
visualization only, the edges of the graph were weighted to
increase the interpretability of the graph. The weights between
the edges of the network were set to be the number of
i nteractions between the 2 participants represented by the nodes.

All statistical analyses were conducted with the open-source
computing tool, Python version 2.7.5, specifically using SciPy,
package version 0.12.0 for plotting and positioning of the
force-directed algorithm and NetWorx version 1.7 package for
centrality calculations.

Analysis Strategies: Automated Text Analysis

Automated text analysis was used to seeif adifference existed
in topics discussed by participants who are highly engaged and
those who are not highly engaged in the network. To identify
hubs in the network (ie, participants who have the highest
centrality) and characterize the content they contribute compared
with other participantsin the network, ordered centrality values
were plotted, and a threshold for determining the 2 groups
(central and peripheral) was chosen to be near the elbow of this
curve by visua inspection. To conduct automated analysis of
content posted by participants, all participants in the network
were divided into 2 groups, split according to the threshold.
Subsequently, the top 30 terms preferentially used by those in
each group were identified.

To determine the propensity of aterm to be used by one group
versus the other, aratio of smoothed relative frequencies was
used. Although the moderator was included in the network for
calculating the centrality scores, the moderator was excluded
from the text analysisto focus on the language that participants
use themselves.

Phasell

In Phase Il of this study, mixed methods were used to further
explore participant interactions on the site. For a randomly
sampled subset of the population, qualitative content analysis
was used to identify salient themes being discussed and
self-reported cessation length. Furthermore, correlational
analysis was conducted to determine how participant
engagement, as measured by centrality, was associated with
self-reported cessation length.

Data Collection: Subsample

A random sequence generator was used to identify a uniform
random sample of 500 participants who interacted on the
Smokefree Women Facebook page during the study period.
Participants included in this subsample are aso included in
Phase | of the study. However, in Phase Il of the study,
qualitative content analysisis conducted to gather more detailed
information about information shared by these participants. The
sample size of 500 participants was chosen because the size of
the dataset was feasible for manual coding, yet likely robust
enough to provide a representation of participants in the
network.

http://www.jmir.org/2016/8/e205/
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Analysis Strategies: Qualitative Content Analysis

Applied thematic analysis was conducted using an inductive
methodology described by Guest et a [15]. Researchers first
independently reviewed a subset of the data for familiarization
and then reviewed a second time to inductively identify salient
themes. These themeswere then cross-referenced with previous
content analyses of similar topicsin an effort to use consistent
terms(eg, Burri et al [16]). Oncethemeswerefinalized, 2 coders
independently analyzed datafor 125 of 500 participants (25%)
in the subsample to assess inter-rater reliability. An inter-rater
reliability of at least .8 agreement using Cohen's kappa is
considered ‘good’. Once the inter-rater reliability threshold of
.8 was reached, the remaining sample (n=375) was split, and
participant data were coded by 1 of the 2 coders. One coder
conducted an additional analysis assessing each post from all
500 participants to extract any self-report of cessation length
(measured in days).

Analysis Strategies: Correlation Analysis

Correlation between self-reported cessation length and the
centrality of participants to the network was analyzed to
determine the relationship between Facebook interactions and
cessation behaviors. During the qualitative data analysis in
Phase I1, the longest self-reported cessation length for each of
the 500 participantsin the subsample wasidentified. One coder
went through all the posts of the subsample of 500 participants
and documented any posts reporting cessation length. If a
participant reported cessation length in more than 1 post, the
longest self-reported cessation length was used in thisanalysis.

Spearman rank correlation was calculated between centrality
in the network and longest self-reported cessation length.
Spearman rank correl ation was used due to the nonlinear nature
of the data. Statistical significance of the correlation was
evaluated with no correlation as the null hypothesis.

To evaluate how those actively in the process of quitting
compare with those who have been smoke free for some time,
a subgroup analysis was performed to evaluate the
aforementioned correlation for participants who report longest
cessation length of lessthan 1 year and those who report longest
cessation length of more than 1 year.

Results

Between February 2013 and March 2014, there were 875 posts
and 4088 commentsfrom partici pants on the Smokefree Women
Facebook Page and 1166 posts from the moderator. Roughly
4243 peopleinteracted on the page through posts and comments
during the 13-month period of data collection. It is of note that
participants who interacted on the page did not have to be fans
of the Smokefree Women Facebook Page, and thusinteractions
observed may have been drawn from outside of the 22,000 fans
of the page. Additional information about total and average
participant interactions (posts and comments) for the entiretime
period is provided in Table 2.
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Table 2. Summary of participant Facebook interactions (n=4243).
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Action Participants taking action at least once Average per participant
Posts 875 2.23
Comments 4088 3.59
participants in the middle of the network visualization. A
Phasel

Social Network Analysis

Figure 1 displays the network structure with and without the
moderator. Each participant is indicated by a node, and
Facebook interactions between participants are indicated by
edges (lines). The moderator is indicated by the red dot in the
center of the visualization of Figure 1 A because the moderator
is the most engaged participant in the network. The moderator
isvisibly the connector of every personinthe network. In Figure
1 B, absence of the moderator indicates that there is a large,
distinct cluster of participants who interact with many other

separatering of participantswho interact with few othersforms
around the middle cluster.

Figure 1 C is a magnified visuaization of the cluster of
participants in the center of the network without the presence
of the moderator. Centrality is illustrated with a blue-to-red
increasing color scale. Blue nodes are the least central, and red
nodes are the most central. There are several highly engaged
people who serve as hubs or large connectors, even without the
presence of the moderator, asindicated by the bright colors near
the center of the network visualization.

Figure 1. Visualizations of socia network. * Moderator indicated by red dot. ** Most engaged participants indicated by bright colors.

a. Including moderator *

b. Excluding moderator

Automated Text Analysis

A plot of the ordered centralities revealed a threshold for
centrality of 0.025 (centrality range: 1x10-7 to 0.7; centrality
mean: 0.004). Approximately 100 participants were above this
threshold, and 4129 fell below; thus, these participants were
labeled as high- and low-engagement participants. Automated
text analysis of topics discussed by hubs in the network, or

http://www.jmir.org/2016/8/e205/

RenderX

participants with highest centrality compared with other
less-engaged participants revealed that hubs, who are most
connected to other participants, used more terms of
encouragement and congratulations, whereas less-engaged
participants discussed more issues related to seeking help,
smoking status, and strategies for cessation. The top 30 ranked
terms for each group are presented in Table 3.
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Table 3. Terms used by more-engaged participants and |ess-engaged participants.

Rank More-engaged participant terms Less-engaged participant terms
1 smokefree Years

2 good Quit

3 congrats smoke

4 go smoking
5 far Two

6 saved Year

7 stay Help

8 keep I'm

9 great cigarette
10 strong since

11 positive Need

12 well Cold

13 hang turkey
14 wig? Ago

15 yes Free

16 today proud

17 get days

18 don't stop

19 water cigarettes
20 way smoked
21 think nicotine
22 better God

23 awesome trying
24 come started
25 job chantix
26 take pack

27 cravings electronic
28 weeks the

29 wow Like

30 deep months

Awtg is an acronym for “way to go.”
Bth likely indicates an ordinal number suffix (eg, 5th, 6th, 7th).

Phasell

Content Analysis

Qualitative analysis of content posted by a subset of 500
randomly sampled participants yielded 1698 unique posts or
comments from those participants. Table 4 includesthefull list

http://www.jmir.org/2016/8/e205/
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of codes. The most frequently occurring themes of posts and
comments were providing support (42.52%, 721 of 1698),
announcing number of days smoke free (40.58%,689 of 1698),
and giving detailed advice (14.61%,248 of 1698; Table 4). The
overall tone of conversation was positive (85.32%, n=1447 of
1698).
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Table 4. Codes, definitions, and frequencies.
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Category Code Definition/example n (%) of Messages
(of 1,698)
Message type Post Post directly on SFW? Facebook wall 165(9.72)
Comment Comment on an existing post on SFW Facebook 1533 (90.28)
wall
Tonetoward smok-  Positive The emotional tone or sentiment of themessage 1447 (85.32)
Ing cessation Neutral 229 (13.50)
Negative 20(1.18)
Core content Providing Support For example, “You can do it!” 721 (42.52)
Giving Advice For example, “Try this...” 248 (14.61)
Seeking Help For example, “I can't quit, | need ideas” 83 (4.89)
Declaration of Days For example, “1 have been smokefree xx days!” 689 (40.58)
Smokefree (announce quit
date)
Relapse For_ example, “1 broke down yesterday and had 81 (4.77)
acigarette”
Return from Relapse For example, “I went back to smoking but | am 67 (3.95)

back and ready to quit again”

3SFW: Smokefree Women.

Correlation Analysis

Of the random subsample of 500 participants, 243 people
reported how long they had stopped smoking. The longest
reported period of cessation was 35 years, and the shortest period
was 1 day. Seven participants reported smoking cessation of
exactly 1 year, and median time of smoking cessation was 5
months. There is a significant inverse correlation between
cessation length and centrality at the 0.05 level (Spearman
correlation coefficient = —0.14, P=.03, N=243), meaning that

http://www.jmir.org/2016/8/e205/

RenderX

participants who reported longer cessation lengths were less
engaged.

However, splitting the population into those who have been
smoke free for less than 1 year versus those who have been
smoke free for more than 1 year demonstrates a positive
correlation for those who have been smoke free for less than 1
year (Spearman correlation coefficient = 0.20, P=.01, N=155)
and astrong inverse correlation for those who have been smoke
free for more than 1 year (Spearman correlation coefficient =
-0.59, P<.001, N=81, Figure 2).
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Figure 2. Cessation Length Versus Eigenvector Centrality.
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Discussion

Principal Findings

Network visualization with and without the moderator indicates
that participantsinteract with each other in many small clusters
linked by a series of hubs or highly engaged participants (see
Figure 1). This suggests that the network is robust to random
attack (ie, loss of a participant without regard to their position
in the network) but sensitive to selective attack (ie, loss of
specific members who are hubs of the network). For example,
it isclear that the network is affected quite severely by the loss
of the moderator, a particularly important hub of the network
[16].

This does not come as a surprise, as participant interaction on
a Facebook page is driven, in part, by moderator posts. It is of
note that the Facebook platform uses a proprietary agorithm
to serve page moderator posts to Facebook participants who
have previously interacted with the page. These posts appear
in a participant’s home newsfeed, where most interactions on
Facebook take place. The moreinteraction (eg, comments, likes,
shares) a moderator post receives, the more Facebook
participants are likely to see the post in their newsfeed [11].

Although the moderator serves as a connector of each person
in the network, there are several hubs in the network that serve
as large connectors of other participants that are less engaged.
Thisfinding supportsexisting evidencefor “ super participants’
in social network sites[17,18]. Having these highly connected
super participants is an advantage for the Smokefree Women
Facebook page  because  they help  maintain
participant-to-participant  interaction, rather than only
moderator-to-participant interaction. Furthermore, because there
are many hubs, when certain hubs leave the network, there are
others who continue interacting and connecting participants.

Automated text assessment of content in the network supports
findings from the qualitative content analysis in this study,
indicating that participants primarily come to the network to
provide and receive support and advice, as well as to mark
milestones in their smoke-free journey. When stratified by
centrality, automated text analysis suggeststhat highly engaged
hub participants use language that is more congratulatory and
supportive, whereas other less central participants seek support,
discuss strategies for cessation, and announce their smoke-free
status.

These findings are further enhanced by findings from the
correlational analysis of self-reported smoke-free status, which
suggest that participants become more central to the network
as they maintain their smoke-free status and use the network
for social support but become less involved in the network as
maintaining their smoke-free status becomes less difficult and
requires less community support. This is consistent with
previous research, which found that social network site
participantswho had recently stopped smoking were more likely
to be the first to respond to posts [19]. It is possible that those
who have quit more recently feel connected to challenges of
other community members and hence assume a more central
role.

http://www.jmir.org/2016/8/e205/

Cole-Lewiset a

Taken together, findings from this study suggest that participants
who arelesscentral, or are not hubs, are acombination of people
at the beginning of their smoke-free journey and people who
have been smoke-free for an extended time and only come back
to the network to announce their sustained smoke-free status.
On contrary, participants who are more central and connect
many people (ie, hubs) appear to be those who are further along
in their cessation journey and come to the network to provide
support and perhaps in the process gain support.

Limitations

Limitations of this research include lack of anaysis of
participant demographics; lack of analysis of shares and likes
for the study period; and use of self-report for cessation status.
Thisstudy did not analyze participant demographic information
due to privacy restrictions of Facebook that prevented this
information from being publicly available. However, as this
analysiswasfocused on properties of the network, demographic
details were not central to the goals of this study.

In addition, the study did not include data on shares and likes,
additional actions that could be taken by participants in the
network, because these datawere not available in an automated
fashion from Facebook. In a separate analysis, share and like
datawere manually collected for aperiod that spanned 3 months.
Network visualizations conducted in Phase | were replicated
for these 3 months, using all possible Facebook interactions(ie,
posts, comments, shares, likes, comment likes). No observable
differences were identified when comparing network
visualizationsfor the full sample using only posts and comments
as participant interactions, with the subset using al possible
Facebook interactions (data not shown).

Moreover, smoke-free status was self-reported by participants
on their own volition, sometimes in response to comments on
moderator posts asking how long they have been smoke free
and at other timesin general conversation. Given that the status
of everyone in the network is not known, the possibility exists
that the number of people who have made a cessation attempt
while engaged with the network isunderestimated in this study.
Furthermore, the correlation analysis may be biased because it
did not take into account potential relapse. Nonetheless, it is
possible to gain insight on how many participants have made
at least 1 cessation attempt through the subset analysis. Future
research should explore opportunitiesto obtain thisinformation
from the entire study population and examine the association
between cessation length and engagement prospectively.

Implications for Research and Practice

Ultimately, researchers of social network sites for health seek
to understand whether participation in asocia network site such
as the Smokefree Women Facebook page can lead to better
health outcomes (eg, increased quit rates). Although this study
was not designed to answer that question, through observation
of naturally occurring interactions of the social network and use
of methods such as socia network analysis, study findings
provide insight into the network structure of the social
networking site that stand to inform research and practice. Future
research may seek to integrate social analysis data with survey
dataon use of smoking cessation—related social mediasitesand
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smoking status or cessation length data to determine the
mechanisms by which social media sites can facilitate quit
attempts and sustained cessation.

Practitioners may use findings from this study to improve
design, implementation, and program evaluation of social
network sites focused on health behavior. On the basis of the
findings from this study, practitioners may consider the
following: (1) developing personas that mimic participants at
various points of the cessation trajectory and tailoring the
experience with the social network site to fit characteristics of
each persong; (2) assessing the best strategies for moderation
of the network to determine whether moderator poststhat attract

Cole-Lewiset a

comments such as questions, requests for advice, and direct
quotes are more effective in providing socia support to
participants than moderator posts that solicit likes and shares,
given the large role the moderator plays in the network; (3)
determining whether participants benefit from interaction with
only other participants on the Facebook page, or if they also
receive benefit from participants in their personal network that
may not be participantsin that particular social network sitefor
health behavior; and (4) exploring the use of paid advertising
on Facebook to boost posts to ensure that users who are new to
the community and most in need of support see the posts that
will benefit them most.
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Abstract

Background: Using social networking websites to recruit research participants is increasingly documented in the literature,
although few studies have leveraged these sites to reach those younger than 18 years.

Objective: To discuss the development and refinement of a recruitment protocol to reach and engage adolescent gay, bisexual,
and other teenaged men who have sex with men (AGBM). Participants were recruited for development and evaluation activities
related to Guy2Guy, a text messaging—based human immunodeficiency virusinfection prevention program.

Methods: Eligibility criteriaincluded being between 14 to 18 years old; being acisgender male; self-identifying as gay, bisexual,
and/or queer; being literate in English, exclusively owning a cell phone, enrolled in an unlimited text messaging plan, intending
to keep their current phone number over the next 6 months, and having used text messaging for at least the past 6 months.
Recruitment experiences and subsequent steps to refine the Internet-based recruitment strategy are discussed for 4 research
activities: online focus groups, content advisory team, beta test, and randomized controlled trial (RCT). Recruitment relied
primarily on Facebook advertising. To a lesser extent, Google AdWords and promation through partner organizations working
with AGBM youth were also utilized.

Results: Facebook advertising strategies were regularly adjusted based on preidentified recruitment targets for race, ethnicity,
urban-rural residence, and sexual experience. The result was a diverse sample of participants, of whom 30% belonged to aracial
minority and 20% were Hispanic. Facebook advertising was the most cost-effective method, and it was also able to reach diverse
recruitment goals: recruitment for the first focus group cost an average of US $2.50 per enrolled participant, and it took 9 days
to enroll 40 participants; the second focus group cost an average of US $6.96 per enrolled participant, and it took 11 daysto enroll
40 participants. Recruitment for the first content advisory team cost an average of US $32.52 per enrolled participant; the second
cost US $29.52 per participant. Both recruitment drives required 10 days to enroll 24 participants. For the beta test, recruitment
cost an average of US $17.19 per enrolled participant, and it took 16 daysto complete enrollment of 20 participants. For the RCT,
recruitment cost an average of US $12.54 per enrolled participant, and it took 148 daysto enroll 302 participants. Google AdWords
campaigns did not result in any enrolled participants of whom the research staff members were aware.

Conclusions: Internet-based strategies can be a cost-€fficient means to recruit and retain hard-to-reach popul ations from across
the country. With real-time monitoring of participant demographic characteristics, diverse samples can be achieved. Although
Facebook advertising was particularly successful in this study, alternative social mediastrategies can be explored in future research
as these media are ever-changing.

(J Med I nternet Res 2016;18(8):€200) doi:10.2196/jmir.5602
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Introduction

Among the youth in the United States, 9 in 10 new human
immunodeficiency virus (HIV) infections occur among
adol escent gay, bisexual, and other teen men who have sex with
men (AGBM) between the ages of 13-19 years [1]. Clearly, to
affect HIV incidence, efforts to reach and engage AGBM are
critical. In the face of thisobviousneed, it is perhaps surprising
that few validated prevention programs are available [2]. In
part, this lack of health programming reflects the challenge of
successfully recruiting and retaining these hard-to-reach youth.
More specifically, these challengesto recruitment and retention
include the need to abtain parental permission or an institutional
review board (IRB) waiver for those younger than 18 years[3];
gaining the trust of youth who may face social stigmafor their
sexual minority status; and recruiting a sufficient sasmple size,
particularly if the sampling frameislocal rather than national.
Internet-based recruitment has the potential to address some of
these challenges, but it can also introduce challenges in terms
of validating the respondent and ensuring a diverse sample.
Certainly with the popularity of social networking sites,
particularly Facebook (FB), among adolescents[4], researchers
are beginning to use Web-based recruitment strategiesto engage
hard-to-reach populations [5-11]. Even with the increasing use
of other social networking sites (eg, Twitter, Instagram, Vine)
FB remains the most popular site with youth, including 72% of
adolescent men [4]. Furthermore, among youth who use social
networking sites, 1 in 3 report using FB exclusively.
Importantly, too, racial and ethnic minority youth are well
represented among FB users. Usage is relatively similar by
urbanicity (ie, 77% of urban, 75% of rural, 67% of suburban
teenagers) and socioeconomic status (eg, 77% of youth from
households earning less than US $50,000 annually compared
with 68% of those from households earning more than US
$50,000 annually) aswell [4]. Given this diversity and breadth
of reach, particularly among hard-to-reach youth, social
networking sitesmay be anideal placefor researchersto recruit
study participants.

Although the use of social networking websites to recruit
research participantsisincreasingly documented in the literature
[12], few studies have leveraged socia networking websitesto
specifically reach children (ie, 18 years of age and younger).
We aso were unable to find any studies that documented the
recruitment experiences of sexual minority youth in particular.
To address this research gap, we will discuss our experiences
developing and refining a national Internet-based recruitment
protocol targeting AGBM 18 years of age and younger,
primarily through FB advertising and also with Google
AdWords and assistance from lesbian, gay, bisexual, and
transgender (LGBT)—focused organizations. Participants were
recruited for development and evaluation activities related to
Guy2Guy, atext messaging—based HIV prevention and healthy
sexuality program for AGBM. Lessons learned here have the
potential to inform future HIV prevention programs aiming to

http://www.jmir.org/2016/8/e200/

recruit hard-to-reach populations, particularly sexual minority
children.

Methods

The research protocol was reviewed and approved by
Chesapeake Institutional Review Board, the Center for
Innovative Public Health Research’s IRB of record, and the
Northwestern University IRB. Youth provided informed assent
or consent, depending on their age, and completed a capacity
to consent assessment [13-15]. A waiver of parental permission
for participants younger than 18 years was obtained, primarily
because requiring parental consent could increase risk to
participants who may be victimized by their parents as aresult
of disclosing their sexual minority status [16]. The waiver also
avoided the potential for fatal sampling bias that might occur
if only youth who were out to their parents choseto enroll [17].
In addition to a waiver of parental permission, a Certificate of
Confidentiality [18] was obtained from the National Institutes
of Health to protect participants’ datafrom subpoenasand other
law enforcement efforts.

Given the wide reach of both social media and text messaging,
we developed a recruitment plan that facilitated enrollment of
youth across the United States. The recruitment protocol was
refined across 4 different national research activities that were
delivered either online or via text messaging. These research
activities included online focus groups to better understand
AGBM sexual decision making, online content advisory teams
to vet the proposed program messages, a beta test of the
Guy2Guy text messaging program, and the randomized
controlled trial (RCT) of Guy2Guy. Here, we describe the
recruitment experiences and resulting recruitments of our
strategy across time and research activities.

Eligibility Criteria

Eligibility criteriafor all research activitiesincluded being 14-18
years of age; being cisgender men (ie, those whose current
gender identity and sex assigned at birth are both male);
self-identifying as gay, bisexual, and/or queer; and being
English-speaking. To promote the likelihood of the sample
reflecting those who might use the text messaging—based
program if it were publicly available, participants were also
required to be exclusive owners of a cell phone, be enrolled in
an unlimited text messaging plan, intend to keep their current
phone number for the next 6 months, and have used text
messaging for at least the past 6 months. Exclusion criteria
included knowing another person aready enrolled in the
program and participating in aprevious study activity (eg, those
who took part in the focus groups were ineligible to take part
inthe RCT). The same eligibility criteriawere applied for each
study development activity with one exception: male gender
identity was directly queried after the focus groups.

Recruitment

Participants were recruited primarily using FB ads, which must
adhereto character limits (ie, 25 charactersfor the headline, 90
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characters for the body text) and include an image. These ads
must also be approved by FB. Our ads were targeted based on
the user’s location (United States), age (14-18 years), and sex
(note “gender” istheterm used by FB; male). We also included
alist of 65 keywords (referred to as “interests’ in the FB ad
manager) relevant to AGBM including pop culture interests
(eg, LGBT community, Katy Perry). Two types of ads were
displayed depending on how the user accessed FB: News Feed
ads (ie, ads are embedded in the dynamic news field central
column) and right column ads (ie, ads are displayed in the static
column on the right side of the webpage). People accessing FB
on their desktop computer received both types of ads; those
accessing the social networking site on a mobile device were
only shown News Feed ads.

During the online focus groups, we asked partner organi zations
working with AGBM youth to promote the study. I n subsequent
research activities, we al so used Google AdWords, which grants
free advertising to the Center for Innovative Public Health
Research for being anonprofit organization. These adsincluded
atitleline of up to 25 characters, 2 description lines with up to
35 characters each, and a URL field. Ads linked to the project
website, which included a brief project description and a
Web-based contact form for those who wanted to be contacted
for potentia participation. The contact form was purposefully
brief to reduce burden and promote form completion. As such,
it consisted of 15 questions that queried study eligibility
guestions aswell asdemographic characteristicsthat were used
to facilitate the recruitment of a diverse sample.

Enrollment

Web-based eligibility screeners received were emailed to the
project coordinator. Ineligible candidates were sent alink to a
sexual health website [19] relevant to sexual minority youth via
email. Eligible candidates and those whose €ligibility was
unclear (ie, because of “do not want to answer” responses) were
sent atext message by research staff to schedul e an appointment
via telephone. On the call, research staff confirmed the
candidate’'s €ligibility, explained the study, conducted a
decisional capacity assessment [13-15], and obtained verbal
assent or consent to participate. Thosein the betatest and RCT
also completed a self-saf ety assessment to determine whether
it was safe for them to receive text messages about sensitive
topics (eg, ana sex, being gay or bisexual) ontheir cell phones.
The assent form, which included contact information for the
IRB and principal investigator, was emailed to participants for
later reference. All study recruitment and enrollment documents
(eg, Web-based screener, assent or consent forms, self-safety
assessment) can be found online[20]. For the focus groupsand
content advisory teams, enrollment occurred at the time of verbal
assent or consent. Participants in the beta test and RCT were
enrolled after they compl eted the baseline survey and confirmed
receipt of atext message from the study program to ensure that
their phone was compatible with the study software.

To ensure a diverse sample for the beta test and RCT,
recruitment goals were preidentified by creating allocation
“bins’ (ie, recruitment goals) for race, ethnicity, urban-rural
residence, and sexual experience (ie, ever versus never had anal
or vaginal sex). Race and ethnicity targets were based on the
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2010 US popul ation demographi cs, which were the most current
dataavailable at thetime of recruitment (ie, 72.4% white, 12.6%
black, 16.3% Hispanic) [21]. Our targets were revised slightly
so that the sample had a greater percentage of minority race
(35%) and Hispanic ethnicity (20%). We also targeted 50% of
the sample to be sexually inexperienced (ie, never had anal or
vaginal sex) and 20% living in arural residence. Urban-rural
residence targets were identified to ensure sufficient
representation among youth living in outer communities that
often havefewer available LGBT resources. A Web-based study
interface was programmed to automaticaly track the
demographic characteristics of enrolled participants, allowing
staff to monitor in real time the characteristics of the sample.
Youth were enrolled sequentially until their bin was filled.

Protecting Against Deception by Participants When
Recruiting Online

Several measuresweretakento limit the potential for deception
by participants during the recruitment and enrollment process
(ie, the same participant enrolling in the study multiple times,
an ineligible candidate providing fake responses to become
eligible), asthisisoften aconcern when conducting Web-based
research in which researchers are unable to see the candidate
face-to-face [22]. The project description provided in the
Web-based screener did not include study eligibility criteriaor
mention an incentive. Furthermore, to reduce a candidate’s
ability toidentify and providethe“right” answersfor eligibility,
the eligibility form did not exclusively include questions
necessary to determine study eligibility, but also included
guestions to target enrollment (eg, race, ZIP code, sexual
experience) and additional questions (eg, how they found the
website). The eligibility screener also captured the candidate’s
Internet protocol address, which allowed ustoidentify possible
duplicate entries. Additionally, eligibility questionswere queried
again over the phone and compared with the answers provided
previously on the Web-based screener. Discrepant responses
for questions expected to be consistent (eg, age) were questioned
further, whereas discrepant responses for more fluid questions
(eg, sexual identity) were not further explored.

M easures

The outcome measures for this enrollment case study included
the following.

Advertisement Metrics

Quantification of study interest was based on measures provided
by the FB and Google AdWords analytics reporting. “Clicks”
referred to the number of total clickson thead. “Reach” referred
to the number of people the ad was shown to. “Unique clicks’
referred to the number of unique people who clicked on the ad.
“Click-through rate” (CTR) referred to the number of clicks
received divided by the number of impressions (ie, number of
times the ad was shown). “Unique click-through rate” (UCTR)
referred to the number of unique clicks received divided by the
number of unique people the ad reached. The “average cost per
click” (CPC) was calculated as the amount spent advertising
divided by the CTR.
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Recruitment Efficiency

The length of time to recruit the target sample and the number
of youth who completed a screener needed to successfully enroll
an dligible participant wereindicators of recruitment efficiency.
For the RCT, we also reported the number of phone cals
required to enroll 1 person to quantify recruitment efficiency.
Sample Diversity

Because health disparities are apparent by race and ethnicity
[1] and by rura versus urban community residence (as youth
in rural communities often lack access to LGBT resources
compared with those in urban settings), we believed it critically
important to ensure the enrollment of adiverse sample. Assuch,
we had a complex sampling scheme based on race, ethnicity,
urban versusrural residence (determined by ZIP code), age, and
sexual identity. For the sake of parsimony, we report the sample
characteristics for the RCT only.

Results

Online Focus Groups

A total of 4 focus groups were conducted to inform the
development of program content and the protocol: 2 with
sexually experienced youth and 2 with sexually inexperienced
youth. A more detailed description of the focus group methods
and results are described elsewhere [23-25].

Advertisement Metrics

Facebook ads for the first round of focus groups (ie, 1 with
sexually experienced youth, 1 with sexually inexperienced
youth) were submitted to FB for approval on November 9, 2012
and approved the same day. The ads ran for 4 days (ie,
November 9-12). On the basis of FB recommendations, pricing
was set with a maximum bid per click of US $0.90 and
maximum daily budget of US $25. Additionally, our
LGBT-focused partner organization posted an announcement
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regarding the study on its website forum from November 3 to
7,2012.

At atotal cost of US $100, with an average of US $0.68 per
click, the FB ad campaign resulted in 148 clicks and a CTR of
0.04 (Table 1). We spent an average cost of US $2.50 per
enrolled participant (n=40).

In January 2013, another recruitment effort was implemented
to enroll youth for the second set of focus groups. Facebook
adswere submitted 5 days before the intended recruitment start
date to ensure we had approval; ads were approved the same
day of submission. The FB adsran for 9 days(ie, January 14-22,
2013). Pricing was set again with a maximum bid per click of
US $0.90 with a maximum daily budget of US $25. Another
LGBT-focused partner organization also posted an
announcement of the study on its FB page on January 12, 2013.

A total of 13 screeners were received during the first 3 days of
recruitment. Of these, 6 appeared to be eligible. To invigorate
enrollment, our previous LGBT-focused organization partner
emailed the recipients in its mailing list on January 16, 2013.
We also modified the FB recruitment ads by removing the
targeted interests or keywords (eg, Katy Perry), adding targeting
criteriato include teenaged men who were “interested in men,”
updating the image to one thought to be more relevant (Figure
1), increasing the daily ad budget to US $100, and changing the
maximum bid per click to US $0.74. These changes doubled
our selected audience (ie, the number of people the ad had the
potential to reach based on ad targeting criteria) from 21,000
to 46,000 and resulted in 143 newly completed screenersin a
24-hour period.

The FB ads were active for a total of 7 days, posted
nonconsecutively between January 14 and 22, 2013 (ie, ads
were paused or stopped during the ad campaign depending on
recruitment needs). We spent an average of US $6.96 per
enrolled participant in this second effort (Table 1; n=40).
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Table 1. Facebook advertisement placement metrics by study activity.

Facebook ad ~ Placement Impression Reach  Clicks Unique cTr2 yCTR? Cost® cPc®® Cost®  Cost®per
placement device clicks per each
metrics by unique
> enrolled
study activity click -
participant

Focus group 1° (n=80)
N/AS N/A 93823 148 148 004 N/A  $10000 $068 N/A  $250

Focus group 29 (n=80)

N/A N/A 78,235 846 74 0.11 111 $278.35 $0.39 $0.42 $6.96
Content advisory team 1" (n=24) $32.52
Right column adson  Desktop or 220,332 1667 1525 0.06 0.27 $483.99 $0.16  $0.18
home page laptop
Right column ads Desktop or 161,051 839 767 0.04 0.22 $296.54 $0.19  $0.21
laptop
Unknown placement  Other 335 0 0 0 0 $0.00 $0.00  $0.00
Content advisory team 2' (n=24) $29.52
Right column adson  Desktop or 52,184 418 381 0.07 051 $101.12 $0.21  $0.23
home page laptop
Right column ads Desktop or 37,327 168 157 0.05 0.35 $46.29 $0.22  $0.23
laptop
News Feed Desktop or 17,175 271 221 1.45 1.23 $95.44 $0.34 $0.42
laptop
News Feed Mobile phone 133,202 1432 1256 1.82 151 $465.65 $0.33 $0.39
or tablet
Unknown placement  Other 3 0 0 0 0 $0.00  $0.00  $0.00
Betatest (n=20) $17.19
Right column adson  Desktop or 13276 71 67 0.11 0.4 $2436 $0.27  $0.28
home page laptop
Right column ads Desktop or 12,071 84 79 01 0.53 $35.05 $0.28 $0.28
laptop
News Feed Desktop or 7006 144 115 1.56 1.36 $40.90 $0.26 $0.30
laptop
News Feed Mobilephone 34,886 1430 1031 3.13 2.35 $243.58 $0.23 $0.31
or tablet
RCTX (n=302) $12.54
Right column adson  Desktop or 54,304 607 548 0.17 0.79 $455.27 $0.72  $0.77
home page laptop
Right column ads Desktop or 43736 411 386 0.12 0.81 $346.01 $0.68  $0.72
laptop
News Feed Desktop or 34,234 728 607 1.36 1.28 $349.81 $0.57 $0.64
laptop
News Feed Mobile phone 194,084 10,535 7333 354 3.12 63636 $0.35 $0.42
or tablet

8CTR: click-through rate.

bucTr: unique click-through rate.

CAll costsarein US dollars.

d cPC: cost per click.

€ Facebook (FB) ad pricing structure: maximum bid per click of US $0.90. Daily budget: US $25.
FN/A: not applicable (FB did not have the information available at the time of recruitment).
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9 Initial FB ad pricing structure: maximum bid per click of US $0.90. Daily budget: US $25. Modifications to ad: 3 days into recruitment, the interest
targeting was removed (eg, Katy Perry), criteria to target teenaged men “interested in men” was added, and the ad image to be more relevant to the
population. Daily ad budget was also increased to US $100 and the maximum bid per click changed to US $0.74.

"FB ad pricing structure: maximum bid per click of US $0.69. Daily budget: US $150. Modifications to ad: before launch of content advisory team 1
ads, multiple variations of the same ad, in which the headline and tagline were different, were created.

' Dai ly budget: US $150. Modifications to ad: before launch of content advisory team 2 ads, pricing was modified to be optimized for clicks as opposed
to preidentifying a maximum bid per click.
) Daily budget: US $100. The same FB ad settings as described in the content advisory team 2 were used in the beta test effort.

KRCT: randomized controlled trial. Daily budget ranged from US $50 to $100. Modifications to ad: during the RCT, FB added the option to select if
one was attracted to “men or women,” which was integrated into the ad campaign (eg, allowing us to better target those that may identify as bisexua).
Previously just the “men” or “women” options were available. New ad images were introduced toward the end of field that were thought to be more
salient to specific populations (ie, younger participants, nonwhite race). Given the time span spent on recruitment ads were regularly adjusted to target
based on age (eg, if we wanted to reach more 14-year-olds, ads were modified to specifically target those who are 14 years of age based on their FB

profile).

Figure 1. Guy2Guy flowchart.

Guy2Guy advertisements appear
online (e.g., Facebook, partner
websites)

hd

Individual goes from the
advertisement to an online screener
which they complete

Screener form sent via email to study
manager

Participant is enrolled

Study staff confirms eligibility,
obtains assent/consent, and
completes capacity to consent and
self-safety assessment with
participant over the phone

Study staff contacts those who
appear eligible to take part

Recruitment Efficiency

We received 209 completed screeners from the first round of
focus groups, of which 94/209, 45.0% did not meet the study
eligibility criteria. The most common reasons for ineligibility
were age 41/94, 44%; not being cisgender mae 20/94, 21%;
and not being enrolled in an unlimited text messaging plan
12/94, 13%. For the second round of focus groups, we received
251 completed screeners, of which 99/251, 39.4% did not meet
the study eligibility criteria. The most common reasons for
ineligibility were not being a cisgender male 30/99, 30%; not
being the exclusive owner of acell phone 20/99, 20%,; and not
being enrolled in an unlimited text messaging plan 17/99, 17%.

Among the 115 candidates who appeared eligible from their
Web-based screener responses during the first round of focus
groups, 77/115, 67.0% candidates were contacted during the
enrollment period. The remaining eligible candidates were not
contacted because either the target sample size was met or their
particular alocation bin was full; this applies for al study
activities. It took 9 daysto enroll 40 participants (ie, 20 sexually
experienced, 20 sexually inexperienced) for the first round of
focus groups. For the second round of focus groups, among the
152 candidates who appeared eligible given their screener
responses, 75/152, 49.3% were contacted. Candidates were
contacted until our target sample size of 20 participants was
met for each focus group. The second round of focus groups
required 11 daysto enroll 40 participants.

http://www.jmir.org/2016/8/e200/

Content Advisory Teams

Advertisement Metrics

Next, we recruited a content advisory team, comprising 10
young participants from our target population, to review the
draft of our program content. To do so, we made several changes
to the FB campaign originally launched for the focus groups:
we created multiple versions of the same ad in which the
headline and tagline varied, increased the daily budget to US
$150, and changed the maximum bid per click to be between
US $0.25 and $0.69. The FB ads were live for 10 days between
July 5 and 14, 2013. These changes resulted in an average cost
of US $32.52 per enrolled participant (Table 1; n=24).

We also created a Google AdWords campaign of 187 keywords
(eg, gay guys, gay teen, gay chat rooms). Adswere targeted by:
network (al), device (al), location (United States), and language
(English). The bid strategy was focused on clicks, manual
maximum CPC bidding, and a set maximum daily budget of
US $329 per day. A total of 3 different Google AdWords
campaigns ran for 7 days (July 6-12, 2013) and received 962
clicks, 79,315 impressions, a CTR of 1.2%, and CPC of US
$1.61. The total cost of the campaign, which was included in
the advertising budget grant covered by Google AdwWords, was
US $1547.07.

After integrating findings from the first content advisory team
into the content, we recruited a second content advisory team
to confirm the modifications to the messaging. The FB
recruitment campaign was further modified to optimize the
pricing to get moreclicks (ie, FB automatically bidsto maximize
the clicks to awebsite that can be achieved with the campaign
budget) as opposed to preidentifying a maximum bid per click
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[26]. The FB adswere active for 7 days between August 28 and
September 5, 2013, resulting in an average cost of US $29.52
per enrolled participant (n=24).

We used the same targeting criteria as described above in our
Google AdWords campaign. As an exception, we set the
network specifically to Google search networks (ie, a group of
search-related websites, such as Google search sites and
non-Google search sites—like AOL—that partner with Google
to show search ads, where the ad may appear), rather than both
search and display networks (ie, display networks consist of a
group of more than a million websites, videos, and apps where
the ad may appear) [27]. A total of 4 Google AdWords
campaigns ran for 10 days (August 28 to September 6, 2013)
using the same list of keywords noted above. Google AdWords
received 2055 clicks, 209,257 impressions, a CTR of 0.98%, a
CPC of US $1.59, and atotal cost of US $3267.79.

Recruitment Efficiency

We received 271 Web-based screeners from the first content
advisory team, of which 132/271, 48.7% did not meet the study
eligibility criteria. The most common reasons for ineligibility
were age 45/132, 34.1%, not being the exclusive owner of a
cell phone 42/132, 31.8%, and not being enrolled in an unlimited
text messaging plan 10/132, 7.6%. For the second content
advisory team, 246 completed screenerswere received, of which
84/246, 34.1% did not meet the study €ligibility criteria. The
most common reasons for ineligibility were not being enrolled
in an unlimited text messaging plan 30/84, 36%; not being the
exclusive owner of a cell phone 21/84, 25%; and having not
used text messaging for 6 months or more 17/84, 20%.

Among the 139 eligible candidates based on the Web-based
screener responses received during the first content advisory
team, 79/139, 56.8% candidates were contacted during the
enrollment period. For the second content advisory team, among
the 162 eligible candidates, 69/162, 42.6% candidates were
contacted. A total of 48 participants were enrolled in both
content advisory teams. None of the participants were enrolled
through the Google AdWords campaign; al were from FB
outreach efforts.

It took 10 days to enroll 24 participants in the first content
advisory team as well as the second content advisory team,
including the time to schedule and complete the enrollment
telephone calls.

Beta Test

Advertisement Metrics

The same FB ad settings as described above in the second
content advisory team were used in the betatest effort, with the
exception of reducing the daily budget to US $100. The FB ads
were active for 7 nonconsecutive days between March 9 and
29, 2014, and we spent an average cost of US $17.19 per each
enrolled participant (Table 1; n=20).

In an attempt to increase the reach of our Google AdWords, 6
campaigns were created for the beta test recruitment effort.

http://www.jmir.org/2016/8/e200/
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Additional headlines hypothesized to be more attention-grabbing
(ie, by asking a question: “Are you a gay or bi teen?’) were
added. Google AdWords were active for 6 days (March 12-17,
2014) and generated 599 clicks, 42,092 impressions, aCTR of
1.4%, CPC of US $1.43, and atotal cost of US $854.46.

Recruitment Efficiency

We received 236 completed screeners during the beta test
recruitment, of which 68/236 28.8% did not meet the study
eligibility criteria at the initial screening. The most common
reasons for ineligibility were not being the exclusive owner of
acell phone 21/68, 31%; did not intend to keep the current cell
phonefor 6 months or more 21/68, 31%; and not being cisgender
male 15/68, 22%.

Among the 168 eligible candidates based on the Web-based
screener responses received, 51/168, 30.4% candidates were
contacted during the enrollment period; 40/51, 78.4% candidates
responded; and 20/40, 50.0% participants were enrolled in the
beta test. Again, no participants were enrolled through the
Google AdWords campaign. It should be noted that the question
guerying how candidates heard about the research study was
removed from the beta test Web-based screener. That said, no
participants reported hearing about the study through Google
AdWords.

It took 16 daysto enroll 20 participants into the beta test. The
length of timeto compl ete enrollment exceeded that for previous
recruitment activities because we newly implemented our
targeting strategy to ensure a diverse sample of participants.
This protocol was added at this step to ensure feasibility during
the RCT enrollment effort.

Randomized Controlled Trial

Advertisement Metrics

The same FB ad settings used in the betatest wereimplemented
in the RCT. We were able to take advantage of a newly added
FB targeting category that allowed usto advertise to users who
were “interested in men and women” ; previously, we were only
able to target those who were “interested in men.” New ad
images were used toward the end of field that were thought to
be more salient to specific populations (ie, younger participants,
nonwhite race; Figure 2, numbers 2-5). The FB ads were active
for 52 nonconsecutive days between June 20 and October 31,
2014, and cost an average of US $12.54 to enroll each of the
302 RCT participants (Table 1). Notably, 32.3% (US
$1221.55/$3787.08) of the recruitment money was spent to
reach and enroll thelast 10% of the sample, asthese represented
the youth who were particularly difficult to reach (eg, 14- to
15-year-old black youth; 14-year-old youth). Excluding these
participants, the average cost per enrolled participant was US
$9.47.

Intotal, 4 Google AdWords campaigns using the same targeting
criteria as above were active for 15 days (June 16-30, 2014)
before they were discontinued. The ads generated 1324 clicks,
132,843 impressions, aCTR of 1.00%, a CPC of US$1.59, and
atotal cost of US $2105.29.
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Figure 2. Comparison of the original versus modified focus group Facebook recruitment advertisements.

Center for Innovative Public Health
Research

|ir Like Page

We need gay/bisexual male teens to give us your thoughts about a

healthy sexuality program

Like Share

Comment

Center for Innovative Public Health
Research

Give vour input!

il Like Page

We need gay/bisexual male teens to give us your thoughts about a

healthy sexuality program

@l Give vour input!

Share

Like Comment

Recruitment Efficiency

We received 1522 completed screeners during the RCT
recruitment, of which 411/1522, 27.0% were ineligible based
on their responsesto the Web-based screener. The most common
reasonsfor ineligibility were not being cisgender male 129/411,
31.4%; did not intend to keep current cell phone for 6 months
or more 108/411, 26.3%; and not being enrolled in an unlimited
text messaging plan 77/411; 18.7%. Among the 1111 €ligible
or potentialy eligible screeners received, 600/1111, 54.0%
candidates were contacted sequentially based on their all ocation
bin during the enrollment period. Those who were eligible but
their allocation bin wasfilled were not contacted. Among those
contacted, 494/600, 82.3% candidates responded, and 342/494,
69.2% candidates spoke to study staff, ultimately resulting in
the enrollment of 328/342, 95.9% participants, of whom
302/328, 92.1% were randomized into the RCT.

It took 148 daysto enroll and randomize 302 participants at an
average rate of 13.7 participants per week (range 1-28
participants). Research staff aimed to enroll between 15 and 20
participants per week, so that a manageable number of
participantswere actively receiving theintervention at any given
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time. An average of 1.54 contact attempts were required to
enroll study participants (range 1-6).

Sample Diversity

Screeners were more commonly completed by sexually
experienced 865/1522, 56.8% than inexperienced 628/1522,
41.3% young men. Inexperienced youth were also slightly more
likely to respond to staff outreach about the program, 258/494,
52.2% versus 236/494, 47.8%. In total, 1036/1522, 68.1% of
the screeners were from white youth, compared with 91/1522,
5.98% from black or African American youth and 39/1522,
2.6% from Asian youth.

Facebook advertising was regularly adjusted based on the
alocation bins (Figure 3). For example, if al the bins for
18-year-olds were filled, we adjusted the targeting on FB ads
toinclude only 14- to 17-year-olds. Also, when noticeably fewer
screenerswerereceived from 14- to 15-year-olds, in part because
of fewer FB profiles of young people in this age range, we
created FB adsthat specifically targeted these younger teenagers.
This purposeful sampling strategy (Table 2) resulted inasample
that was 14.2% black or African American and 23.2% livingin
rural settings.
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Table 2. Randomized controlled trial randomized participant demographic characteristics based on alocation bins (N=302).

Participant characteristics® n (%)
Sexually experienced

Yes 153 (50.7)

No 149 (49.3)
Age, years

14-15 116 (38.4)

16-18 186 (61.6)
Race

White 204 (67.5)

Black 43(14.2)

All other 55 (18.2)
Hispanic

Yes 67 (22.2)

No 235 (77.8)
Sexual identity

Gay and/or queer 195 (64.6)

Bisexual 107 (35.4)
Type of community

Rural 70(23.2)

Urban 232 (76.8)

@Demographic characteristics reflect participant responses during the phone screener, as most of these questions were not again queried in the baseline
survey. With exception, sexua experience was assigned based on response to the baseline survey as a more comprehensive battery of questions were
asked that would subsequently lead to participants being assigned to the sexually experienced or sexually inexperienced program.

Challenges in balancing the sample were encountered when
participants provided different responses on the phone or
baseline survey than what they had reported in the Web-based
screener, resulting in the allocation bin being overfilled (Figure
4). For example, although the same behaviorally based items
to query sexual experience were used in the Web-based screener
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and baseline survey, 29 participantsindicated adifferent sexual
experience history than they had first reported in the Web-based
screener. Similar issues were aso observed with other
demographic characteristics used for allocation (eg, race, n=38;
ethnicity, n=22).
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Figure 3. Example of Facebook recruitment advertisements used during the randomized controlled trial.

Example News Feed Style Advertisements:

Center for Innovative Public Center for Innovative Public
Health Research Health Research

We need gay&bi teen guys to take partin a
healthy sexuality program

Be part of research!
fisit our site to find out more and see if you are elig

Be part of research!

Center for Innovative Public
Health Research

We need gay&bi teen guys to take part in a
healthy sexuality program

Be part of research!
fisit our site to find out more and see if you are elig.

Example Desktop Style Advertisements:

Center for Innovative Public Health
Research

il Like Page

Take part in a healthy sexuality program created for gay & bi teens guys
like you!

Be part of research!

I8 \/isit our site to find out more and see ifyou are
eligible to take part

We need gay&bi teen guys to take partin a
healthy sexuality program

fisit our site to find ot more and see if you are eig

Center for Innovative Public
Health Research

We need gay&bi teen guys to take part in a
healthy sexuality program

f research!
e to find out more and see i you are elig.

Center for Innovative Public Health 1l Like Page
Research

We need gay&bi teen guys to take part in a healthy sexuality program

ijf You can make a difference

I® \/isit our site to find out more and see if you are
I8 cligible to take part

Like Comment 4 Share

Like Comment

One Facebook advertisement image used is excluded because
of copyright permissions. The image depicted 2 African
American teens—one with his arm around the other.

# Share

Figure 4. Example of real-time enrollment monitoring tool on the Guy2Guy study administrative interface.

Within each bin, the number on the right is the target sample
size, the number on the left is the number currently enrolled.
Black font reflectsabin that has not yet reached its preset target
samplesize. Orange font reflects abin that has reached or gone

Allocation data

Demographic Allocation (Experienced)
14-15 yrs. 16-18 yrs.
Not Hispanic Hispanic Not Hispanic Hispanic
Rural Urban Rural Urban Rural Urban Rural Urban
‘White 33/35
Black 0/2 2/9 0/1 1/3
All Other 02 216 0/1
Demographic Allocation (Inexperienced)
14-15 yrs. 16-18 yrs.
Not Hispanic Hispanic Not Hispanic Hispanic
Rural Urban Rural Urban Rural Urban Rural Urban
‘White 22/23 1/2 2/3
Black 0/2 5/9 0/1 0/2 1 12/13 0/1 1/3
All Other 172 0/1
Randomization Allocation
Experienced Inexperienced
Intervention Control Intervention Control
Gay / Queer 45 49 53 48
Bisexual 32 27 20 28
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over the target sample size. For example, 13/7 signifiesthat 13
white, rural, non-Hispanic, sexually experienced 14- to
15-year-oldswere enrolled, but the target based on theallocation
binwas7.
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Discussion

On the basis of our iterative development of an Internet-based
recruitment strategy aimed at 14- to 18-year-old AGBM, our
findings suggest that protocols designed to use FB to reach a
national sample of diverse youth will be most effective if they
use images salient to the target population, are broad (eg,
targeted based on minimum eligibility criteria, such asage, sex)
rather than too specific (eg, not targeted on interests or
keywords), are regularly monitored for performance, and the
ad targets are regularly modified to meet recruitment needs.

Our findings suggest that not all Web-based advertising hasthe
same effect when trying to reach AGBM adolescent men.
Indeed, our Google AdWords outreach effort did not result in
a single participant being enrolled. This is likely because our
reach—based on the keyword targeting we utilized—was too
diffuse. Beyond keywords, we could only target Google
AdWords campaigns by location (eg, United States). Therefore,
the people who saw our adswent well beyond our very specific
population of interest. On the other hand, FB advertising was
much more successful, resulting in the enrollment of 405/450,
90.0% of our study sample acrossthe 4 research activities. The
FB ad manager allowed the ad to be targeted on multiplecriteria
beyond location, such as gender, age, and the relationship
interests that FB usersindicate in their profile (ie, interested in
men, interested in men and women). In sexual health research,
thisability to target ads based on relationship interest can narrow
the ad audience down to the target audience, in our case AGBM,
thereby increasing recruitment cost-effectiveness and efficiency.
It is worth noting that our experiences may not generalize to
other populations and research topics, however [28,29].

Although our specific recruitment goals were identified before
recruitment (eg, race, ethnicity, age), the ability to reach
recruitment goals is nonetheless dependent on having those
from diverse backgrounds actually see the recruitment
advertisement and subsequently complete a screener. Although
FB ad manager did not allow for tailoring based on diversity
targets (eg, race, ethnicity) at the time, resulting screeners
reflected a sufficiently diverse group of youth that allowed us
to follow-up with youth who met our diversity goals. It should
be noted that updating the ad image so that it better resonates
with a specific population or targeting the ad to specific cities
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or states that have demographic profiles of interest can aso
invigorate sample diversity.

Limitations

These findings should be considered within the context of the
study’slimitations. For example, by targeting FB usersthrough
the “interested in” targeting category, we targeted those youth
who are more likely out because they indicated their dating
preferences on a social networking profile. However, FB users
can choose to make specific parts of their profile private (eg,
only visible to them or their friends), so that they can still
complete their profile while limiting who is able to see their
information (eg, parents, nonfriends). Additionaly, by recruiting
on FB, thisinherently excludesthose youth who are not on FB.
Given that FB continues to be the most popular social
networking site for teenagers, however [30], this recruitment
method still provides a unique opportunity to reach a national
sample of adolescents. Indeed, some may wonder why we did
not use other Web-based recruitment strategies such asthe Turk.
This is because our goal was to test the interest of our
intervention among AGBM teenagers in places where they
“hang out” online rather than places where people go to earn
money.

Conclusions

This research has elucidated important and effective strategies
for utilizing socia media for the recruitment of youth to
research. The utilization of social media for recruitment of
hard-to-reach youth, particularly sexual minority teenaged males
for whom privacy may be an issue, isincreasingly important as
targeting these youth for health, support, and sexual health
programs is a public health imperative. Although our research
indicates the cost-effectiveness and overall efficiency of using
Facebook in particular for recruiting AGBM into research,
alternative social media strategies should be explored as they
become more popular with youth. It will be essential to continue
documenting successful outletsfor recruitment of hard-to-reach
youth. Given that the research project we described herein was
sensitive in nature and we were able to demonstrate successin
Web-based recruitment, we are confident that these strategies
can be utilized to recruit AGBM for research related to sexual
health topics and perhaps other topics. Additional research is
needed to demonstrate the success of these strategieswith other
populations.
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