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Abstract

Financial health incentives, such as paying people to lose weight, are being widely implemented by Western nations and large
corporations. A growing number of studies have tested the impact of incentives on health behaviors, though few have evaluated
the approach on a population-scale. In thisissue of the Journal of Medical Internet Research, Liu et a add to the evidence-base
by examining whether a single incentive can motivate enrollment and engagement in a preventive eHealth program in a sample
of 142,726 Canadian adults. While the incentives increased enrollment significantly (by afactor of about 28), a very high level
of program attrition was noted (90%). The “foot in the door” incentive technique employed was insufficient; enrollees received
incentives for signing-up for, but not for engaging with, the eHealth program. To supplement this technique and drive sustained
behavior change, several theoretically- and empirically-based strategies are proposed. Specifically, incentivesindexed to behavioral
achievements over time are highlighted as one approach to boost engagement in this population in the future.

(J Med Internet Res 2014;16(7):€179) doi:10.2196/jmir.3701

KEYWORDS
cardiovascular risk; prevention; rewards

Attrition (non-use or dropout) is one of the hallmarks of eHealth
interventions [1] and a particular problem for online lifestyle
interventions[2], but also in the offline setting. Financial health
incentives, such as paying people to attend nutrition classes,
get vaccinated, or lose weight, are being widely implemented
by Western nations and large corporations [3-5]. A growing
number of studies have tested the impact of incentives on
“single-shot” (eg, clinicvisits) [6] and “lifestyle” (eg, exercise)
[7] health behaviors with promising results, though few have
evaluated the approach on a population-scale. Notably, Stock
et a conducted a unique evaluation of a large-scale incentive
program in Germany (N=70,429) and found that modest
incentives motivated participation in disease prevention
programs, saving the German Statutory Health Insurance about

http://www.jmir.org/2014/7/e179/

€ 100 per person per year in direct health costs[8]. Inthisissue
of the Journal of Medical Internet Research, Liu et a add to
the evidence-base by examining whether a single incentive
exposure (20 loyalty points worth about Can $2) can motivate
enrollment and continued participationin apreventive eHealth
program in a sample of 142,726 Canadian adults[9].

Not surprisingly, and consistent with the“ single-shot” incentives
literature, the authorsfound that individuals offered theincentive
were 28timesmorelikely to enroll in the eHealth program. The
guestionis, wasthisimpressive boost in enrollment meaningful
considering the significant attrition (about 90%) noted by the
authors? The datawould suggest that thiswasthe case. Although
program attrition was substantial, the fact remains that about
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5000 adults who might not have otherwise enrolled in the
eHealth program (without the contingent incentive) continued
onto the next step of the program (ie, assessing their readiness
to change), and about 1000 of those individuals remained
engaged 6 weeks later (ie, with a second round of assessing
readiness to change). It is not clear whether this level of
engagement (assessing readiness to change on two occasions
and, presumably, reading tailored-education materials) was
sufficient to stimulate “lifestyl€” health behaviors to the extent
required to produce clinically or health-economically relevant
changes. Thisis atopic for future study (linking participation
to administrative databases, for example). Regardless, the
incentive approach employed here holds great promise for
enhancing the delivery (reach) of Web-based prevention
programs. In the midst of this potential, however, thereisroom
to improve upon the design, and maximize the impact, of the
incentive offering.

First, the “foot in the door” design technique employed was
insufficient to drive eHealth program engagement in this
population. While getting people to agree to do something small
(put their “foot in the door”; ie, enroll in the eHealth program),
can sometimes make them more likely to do something big
(ongoing eHealth program use), according to behavioral
economics [10], this is not what transpired here. Rather, it
appearsthat “rewards simply motivated peopleto get rewards’,
an often-cited risk of incentivesfor health [11]. Onceincentives
are removed, it is said that people tend to revert to baseline
behaviors or worse, if autonomous motivation is undermined
by extrinsic rewards. New evidence suggests, however, that
well-designed incentives can actually promote quality behavior
change (ie, by protecting/building autonomous motivation), and
increase the potential for sustained effects [12].

The authors recommend supplemental strategies to maintain
engagement that stem from previous work in the area of
incentives for exercise [7]. From the list of design suggestions
mentioned, the most critical suggestion likely has to do with
indexing incentives to behavioral occurrences over time.
“Lifestyle” health behaviors (like exercise or eHealth program
use) can be hard to adopt, in part, because the costs (eg, time)
of engaging in these behaviors are usually borne in the present
(carrying disproportionate weight in decision making, a
phenomenon referred to as the “present bias’) [10], and the
benefits (eg, health) are often delayed and thus discounted. As
a result, people tend to act in favor of their immediate
self-interest, at the expense of their long-term wellbeing.
Offering incentives for regular (perhaps daily or weekly)
eHealth program use (eg, completing stage of change
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assessments, or diet/exercise diaries) may increase the
immediately rewarding aspects of participation and in turn
peopl€e's propensity to log into and use the eHealth tool.

Regular incentive offerings need not be prohibitively costly
either. In fact, with a stronger application of behavioral
economic principles [13], and considering the full range of
incentive design options [14], it may be possible to produce
greater effects with the same investment ($77,000, or about $2
per enrollee). For example, it is worth exploring whether the
proportion of Canadians engaged at 6 weeks would increase if
10 Air Miles (vs 20 Air Miles) were offered for enrollment,
with the remaining Air Miles (ie, 10) offered for behavioral
achievements over subsequent weeks (eg, 2 Air Miles per week
fruit/vegetable intake self-reported). To further optimize the
approach, a lottery could be layered on top of this assured
incentive scheme, where participants who perform desired
behaviors are entered into weekly draws to win additional Air
Miles. This lottery feature could be used to exploit peoples
tendency to overweight small probabilities[10] and drivetarget
behaviors without significant additional resource. Notably,
according to Klein & Karlawish, older adults may be more
sensitive to lottery-based incentives than their younger
counterparts [15]. Also, tailoring incentive offerings to
demographic groups may boost enrollment and engagement.
For example, making “meaningful” incentives more salient, by
marketing i Tunes credits to teenagers, wellness holiday credits
to working adults, or grocery store vouchers to seniors, may
increase the impact of relatively modest rewards. The newly
developed Hedlth Incentive Program Questionnaire may be
useful in identifying preferred, more meaningful, and valuable
voucher options (Mitchell et al, under review).

Though the Liu et a [9] paper is constrained by severa
limitations (eg, selection bias, sub-optimal incentive design,
self-reported outcomes) it is an important launching pad for
more sophisticated population-level evaluations of incentives
for health. Incentives have emerged asa practical and acceptable
public health policy alternative in Canada (and el sewhere), and
so to promote broad, effective, and sustained implementation,
future evaluations should stretch beyond the question, “Do
incentives work?’ to questions of moderations, such as, “Who
or what behaviors are most sensitive to incentive intervention?”,
“What types or sizes of incentiveswork best or are necesary?’,
and “How long must incentives be in place to produce
long-lasting change?’. Learning more about how to design
incentives that produce clinically or health-economically
significant changes, without being prohibitively costly, will
only help to optimize this promising intervention in the future.
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Abstract

Background: Internet-based health programs have been shown to be effective in reducing risk for cardiovascular disease.
However, their rates of enrollment and engagement remain low. It is currently unclear whether rewards from established loyalty
programs can serve as a conditioned stimulus to improve the use of afreely available Internet-based program.

Objective: The objectives of the study were to (1) examine enrollment rates and levels of engagement with the My Health
eSupport program between a Conditioned Reward group and a Control group, and (2) investigate the influence of loyalty rewards
and participant characteristics on levels of enrollment and program engagement.

Methods: The study sample (n=142,726) consisted of individuals who were offered enrollment in an Internet-based health
intervention (My Health eSupport) after completing the Heart& Stroke Risk Assessment on the Heart and Stroke Foundation
website. My Health eSupport programs provided encouragement and tips for lifestyle change. Thisis a free, self-guided, fully
automated program that proactively delivers tailored email messages at 2-week intervals based on the participant’s stage of
motivational “readiness’ and priority for lifestyle change. Participants in the Conditioned Reward group were offered a single
exposure of 20 loyalty reward points from the Air Miles loyalty program for completing the Heart& Stroke Risk Assessment (10
reward points) and enrolling in the Internet-based program (10 reward points). Meanwhile, no rewards were given to the Control
group participants. All data were collected between February 1, 2011 and February 10, 2012.

Results. Intotal, 51.38% (73,327/142,726) of individuals in the Conditioned Reward group and 48.62% (69,399/142,726) of
individuals in the Control group completed the Heart& Stroke Risk Assessment. Subsequently, significantly more individuals
from the Conditioned Reward group (52.96%, 38,835/73,327) enrolled in the My Health eSupport program than Controls (4.07%,
2826/69,399). Regression analyses indicated that individuals were 27.9 times (95% CI 26.4-29.4; P<.001) more likely to join the
My Health eSupport program when presented with loyalty rewards controlling for gender, age, education, ethnicity, employment,
and number of modifiable risk factors. However, ongoing engagement level was low in both groups and it was not influenced by
loyalty rewards. Instead, individuals were more likely to engage with the My Health eSupport program if they were greater than
60 years of age (OR 12.56, 95% Cl 5.66-27.8; P<.001), were female (OR 1.27, 95% Cl 1.09-1.46; P=.002), or had one or more
modifiable risk factors (OR 1.38, 95% CI 1.31-1.45; P<.001).
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Conclusions: Our findings suggest that a single exposure of loyalty rewards may be used to encourage individuals to enroll in
an Internet-based preventative health program, but additional strategies are required to maintain engagement level. Future studies
need to examine the schedules of loyalty reward reinforcement on the long-term engagement level of Internet-based health

programs.

(J Med Internet Res 2014;16(7):€163) doi:10.2196/jmir.3458

KEYWORDS
Internet; cardiovascular risk; prevention; rewards

Introduction

Cardiovascular diseases (CVDs) are the number one cause of
death globally. It is estimated that the number of people who
die from CVDs will reach 23.3 million by 2030 [1]. Studies
have shown that more than 80% of CVDs can be prevented
through lifestyle changes, such asregular exercise and ahealthy
diet [2].

The wide adoption of Internet usage presents an incredible
opportunity for delivering preventive health initiatives at a
populationlevel. In 2012, approximately 83% of Canadians had
personal access to the Internet: 85% of whom live in
metropolitan areas and 75% in rural areas [3]. This includes
63-78% of Canadians who are in the lowest income quartiles
and 84% of Canadians between 45 and 64 years, which is an
age group with increased risk for CVD. Several randomized
controlled trials and meta-analyses have shown that
Internet-based lifestyle interventions can help individuas
improve self-care behaviors (physical activity, dietary habits)
[4,5], psychological functioning (anxiety, quality of life) [6],
and clinical outcomes (blood pressure, weight, blood glucose)
[7-9]. However, enrollment and engagement in Internet-based
health interventions remain a challenge [10-12]. This can limit
the significant impact that Internet-based interventions have on
health behavior change at a population level.

External rewards such as financial and loyalty rewards have
been used as a strategy to increase the enrollment and
engagement of behavioral interventions[13,14]. Thetheoretical
rationale for using these external rewardsto reinforce behavior
change is based on both operant learning and behavioral
economic theory [13,15]. The key principle of operant learning
is that behavior is conditioned by contingencies that are
rewarding or punishing in nature[13]. Economic theory includes
the principles from operant theory and states that an individual
tends to behave in ways that maximize one’'simmediate reward
[13,15]. According to these theories, the propensity for
enrollment and sustained engagement in I nternet-based programs
may be enhanced by introducing external rewards. On the
contrary, self-determination theory (SDT) assertsthat an externa
reward may weaken intrinsic motivation for behavior change
and this is known as the “crowding out” effect [16,17]. It is
currently unclear whether asingle bout of reward from aloyalty
program can serve as a conditioned stimulus affecting the
enrollment and engagement of afreely available Internet-based
health program. An advantage of using loyalty rewards over
financial ones is that it may be more sustainable as both
businesses and consumers can mutually benefit. Loyalty reward
programs can help businesses gain new and retain existing
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customers by rewarding them with loyalty “reward points’.
These customers can then redeem their reward pointsfor goods
and/or servicesfrom theloyalty program. Thus, theaimsof this
study were to (1) examine enrollment rates and levels of
engagement with the My Health eSupport program between the
Conditioned Reward and the Control group, and (2) investigate
the influence of loyalty rewards and participant characteristics
on levels of enrollment and program engagement. A previous
study reported that a single bout of financial reward
(US$2.00-$20.00) could increase enrollment and response to a
follow-up survey 3 months after enrollment for an Internet-based
hedlth program [18]. Therefore, we hypothesized that enrollment
rates and level of engagement would be higher in the
Conditioned Reward group than Controls. Resultswere expected
to be influenced by age, ethnicity, education, gender,
employment status, and the number of modifiable risk factors
[11,18].

Methods

Overview

This was an observational study and the data was collected by
the Heart and Stroke Foundation of Canada (HSFC) between
February 1, 2011 and February 10, 2012. The HSFC is a
non-profit public organization that aimsto empower Canadians
to live healthy lives free of heart disease and stroke by raising
awareness of the key risk factors and encouraging and
supporting them to play an active rolein managing their health.
Study participants were 18 years or older and provided consent
for the study. All personal identifiers were removed prior to
retrieving the records from the HSFC database. This study was
approved by the University Health Network Ethics Board.

Recruitment and Study Protocol

The study sample consisted of individuals who were invited to
participatein an Internet-based heart health program (My Hesalth
eSupport) after completing their Heart& Stroke Risk Assessment
onthe HSFC website. A total of 142,726 individuals completed
the Heart& Stroke Risk Assessment and were included in our
analyses. This sample was comprised of two groups:
Conditioned Reward vs Control. Participantsin the Conditioned
Reward group wererecruited fromthe Air Milesloyalty program
using a standardized recruitment email. The email described
the opportunity to receive a non-cash, uniform reward of up to
20 Air Miles reward points for enrolling in the My Health
eSupport HSFC program. Specifically, participantswere assured
of immediately receiving 10 Air Miles reward points for
completing the Heart& Stroke Risk Assessment and another 10
Air Miles for enrolling in My Health eSupport. No additional
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rewards were given after enrollment. The Heart& Stroke Risk
Assessment was a free e-tool on the HSFC website that first
enabled individuals to assess their lifestyle in regard to CVD
risk. It then offered enrollment to the My Health eSupport
program. Enroliment in the My Health eSupport program
required the participants to first complete the Heart& Stroke
Risk Assessment and create alog-in 1D on the HSFC website.
Air Miles participants accessed the Heart& Stroke Risk
Assessment and claimed the reward using a unique Web link
embedded in the recruitment email. Air Miles participants who
completed the Heart& Stroke Risk Assessment were assigned
to the Conditioned Reward group. Participants in the Control
group accessed the Heart& Stroke Risk Assessment onthe HSFC
website without using the unique Web link provided by the Air
Milesloyalty program. Control participants did not receive any
rewards for completing either program.

Program Description

The My Health eSupport program was afree, self-guided, fully
automated healthy lifestyle program that proactively delivered
tailored email messages at 2-week intervals. The emails
contained information on heart healthy living with links to the
HSFC website. Theinitial email from My Health eSupport was
delivered to the participants following enrollment. The email
guided participants to report their stage of motivational
“readiness’ to adhereto Health Canadaguidelinesfor diet (daily
intake of fruit, vegetables, and restriction of dietary fat and salt),
exercise (planned exercise and daily activity), and smoke-free
living. Readinessfor change was operationally defined for each
behavior according to the conventional algorithm of Prochaska's
Transtheoretical Model [19] (Pre-contemplation, Contemplation,
Preparation, Action, and Maintenance). In an effort to reinforce
motivation and efficacy for self-directed change [20], subjects
were then prompted to choose their priority for lifestyle change
from the above-noted behaviors associated with diet, exercise,
and smoke-free living. Subsequently, three email messages
tailored to the individuals' readiness and priority for lifestyle
change were delivered at 2-week intervals. The assessment of
readiness and priority for lifestyle change was then repeated 6
weeks later from theinitial assessment.

M easures

This paper evaluated enrollment rates and level s of engagement
in the My Health eSupport program in both the Conditioned
Reward and Control groups. Enrollment rate was calculated as
the number of individuals who enrolled in the My Health
eSupport program divided by the number of participants who
completed the Heart& Stroke Risk Assessment. Two measures
of engagement level with the program were calculated. The
initial engagement was defined asthe proportion of individuals
who completed the assessment of readiness and priority for
lifestyle change during the first email. Ongoing engagement
was defined as completion of the assessment of readiness and
priority for lifestyle the second time at 6 weeksfollowing initial
engagement. Participants completed the second assessment of
readiness and priority for lifestyle change within 8 weeks from
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receiving the re-assessment email. Characteristics of participants
wereextracted from self-reported datain the Heart& Stroke Risk
Assessment, which is an online self-assessment questionnaire.
Characteristicsincluded age, gender, education level, ethnicity,
employment, medical condition(s), and body mass index
(calculated from height and weight). Modifiable CVD risk
factors were defined as the following: physical activity level
(whether participants achieved 30-60 minutes of moderate
exercise, 4 times per week), smoking status (Yesor No), excess
alcohol consumption (Male: consumed >2 drinks aday or >14
drinks aweek; Female: consumed >2 drinks a day, >9 drinks a
week), and whether participants consumed high fat foods (3 or
more times per week), fruits and vegetable (5 or more servings
per day), and food with high salt content (3 or more times per
week).

Data Analysis

Chi-sguare and independent t tests were used to compare
characteristic differences between the Conditioned Reward and
Control groups. Statistical significance can be influenced by a
large sample size[21]; therefore, we cal cul ated effect size using
Cramer's V (post chi-square statistic) and Cohen's d (post
independent t test) to determine the strength of these statistically
significant results. A weak, moderate, and strong association
(effect size) for Cramer’s V was defined as <0.2, 0.2-0.6, and
>0.6, respectively [22]. Meanwhile, asmall, moderate, and large
effect size for Cohen’s d was defined as <0.2, 0.5, and =0.8,
respectively [23]. Binary logistic regressions were conducted
to estimate the association between loyalty rewards and
enrollment (model 1), initial engagement (model 2), and ongoing
engagement (model 3) of the Internet-based health program.
Odds ratios were calculated to identify the effects of loyalty
rewards on the likelihood of enrolling and engaging with the
My Health eSupport program. Based on previous research
[11,18], all models were adjusted for age, ethnicity, education,
gender, employment status, and the number of modifiable risk
factors. Data were analyzed using SPSS version 19 and
significance was accepted at an alphalevel of .01.

Results

Participants

A total of 73,327 individualsin the Conditioned Reward group
and 69,399 individuals in the Control group completed the
Heart& Stroke Risk Assessment. Baseline characteristics of the
participants are presented in Table 1. Overal, both groups
attracted a larger proportion of females than males (68.48%,
97,732/142,726 vs. 31.52%, 44,994/142,726). Most of the
participants were Caucasian (83.54%, 119,239/142,726). The
most common illnesses in both groups were hypertension
(22.43%, 32,014/142,726) and dydipidemia (17.86%,
25,487/142,726). More than 50% of individual s reported having
aBMI higher than 25. Two of the most common lifestylefactors
associated with CVD risk for both groups were physical
inactivity (44.10%, 62,942/142,726) and inadequate fruit and
vegetable consumption (43.32%, 61,828/142,726) (Table 2).
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Table 1. Baseline participant characteristics.
Characteristics Conditioned Re- Controln=69,399n (%) P value Effect size
wardn=73,327 n (%)
Age (years), mean (SD) 50.4 (14.2) 50.5 (14.4) 54 0.003
Female 49,778 (67.88%) 47,954 (69.11%) <.001 0.01
Completed university education 43,783 (60.74%) 41,208 (60.53%) 40 0.002
Ethnicity <.001 0.13
Caucasian 62,658 (85.48%) 56,581 (81.62%)
South Asian 1688 (2.30%) 1911 (2.76%)
Chinese 3040 (4.15%) 1236 (1.78%)
Aboriginal 1038 (1.42%) 1253 (1.81%)
African/black 683 (0.93%) 1160 (1.67%)
Marital status <.001 0.03
Married 42,396 (57.85%) 40365 (58.18%)
Widowed, divorced 10,177 (13.89%) 8423 (12.14%)
Single 10,787 (14.72%) 10,397 (14.99%)
Employment
Full or part-time 41,279 (56.33%) 40,345 (58.16%) <.001 0.07
Sdlf-employed 6675 (9.11%) 6726 (9.70%)
Retired 14,644 (19.98%) 11,654 (16.80%)
Stay-at-home parent 3049 (4.16%) 2350 (3.39%)
Type of employment <.001 0.08
Management/white collar 45,660 (63.00%) 43,364 (68.81%)
Sales or services 9491 (13.09%) 6757 (10.72%)
Trades 6408 (8.84%) 6082 (9.65%)
Body Mass Index <.001 0.13
Underweight (<18.5) 1464 (2.00%) 1109 (1.60%)
Normal weight (18.5-24.9) 21,942 (29.93%) 19,384 (27.94%)
Overweight (25-29.9) 21,240 (28.97%) 22,356 (32.21%)
Obesity (=30) 16,459 (22.45%) 20,039 (28.88%)
Mean number of cardiovascular 0.54 (0.93) 0.51 (0.89) <.001 0.03
co-morbidities (SD)
Diabetes 5208 (7.23%) 3072 (4.43%) <.001 0.06
Dyslipidemia 13,984 (19.07%) 11,503 (16.58%) <.001 0.03
Heart disease 2795 (3.81%) 2662 (3.84%) 81 0.001
Hypertension 15,520 (21.17%) 16,494 (23.77%) <.001 0.11
Stroke 1254 (1.71%) 1327 (1.91%) .004 0.01
Mood disorder 11,906 (16.24%) 8857 (12.76%) <.001 0.05
Sleep apnea 3988 (5.44%) 3065 (4.42%) <.001 0.02
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Modifiable risk factors Conditioned Reward Control n=69,399 n (%) P value Effect size
n=73,327 n (%)
Physical inactivity 30,972 (42.24%) 31,970 (46.07%) <.001 0.04
Smoker 5704 (8.22%) 8270 (11.30%) <.001 0.05
Excess & cohol 17,095 (23.31%) 16,615 (23.94%) .005 0.01
Fatty foods 8537 (11.69%) 10,663 (15.42%) <.001 0.06
Infrequent fruit and vegetable 30,601 (41.82%) 31,227 (45.05%) <.001 0.03
Salt 19,738 (26.92%) 14,205 (20.47%) <.001 0.08
Mean number of modifiable risk factors (SD) 2.51(1.37) 2.58 (1.37) <.001 0.05

Enrollment Rates

Enrollment in the My Health eSupport program was higher in
the Conditioned Reward group (52.96%, 38,835/73,327) than

Table 3. Prediction of enrollment and engagement.

the Controls (4.07%, 2826/69,399). Loyalty rewards provision
was the strongest predictor for enrollment in the My Health
eSupport program (OR 27.9, 95% Cl 26.4-29.4; P<.001). Factors
influencing enrollment are presented in Table 3.

Factors Enrollment Initial engagement Ongoing engagement
OR (95%Cl) Pvaue OR (95%Cl) Pvaue OR (95% Cl)  Pvaue
Loyalty rewards (Conditioned Rewardvs ~ 27.9  (26.4-29.4) <.001 079 (0.66-0.92) .004 093 (0.68-1.26) .662
Control)
Gender (female vs male) 096  (0.93-099) .007 126  (117-1.36) <.001 127  (L09-146) .002
Age
<29 years 198  (1.82-2.15) <.001 137 (0.95-1.97) .085 149  (0.62-355) .371
30-39years 169  (156-1.82) <.001 232 (164-327) <.001 199  (0.86-457) .104
40-49years 180  (1.66-1.94) <.001 441  (3.14-6.17) <.001 586  (2.63-13.0) <.001
50-59years  1.80  (L.66-1.94) <.001 6.81  (4.87-9.49) <.001 945  (4.27-20.8) <.001
=60 years 212 (L96-2.30) <.001 840  (6.00-11.7) <.001 1256 (5.66-27.8) <.001
Ethnicity (Caucasian vs other) 1.20 (1.15-1.25) <.001 1.13 (1.01-1.24) .025 112 (0.89-1.38) .318
Total number of modifiable risk factors 0.96 (0.95-0.97) <.001 1.37 (1.33-1.40) <.001 1.38 (1.31-1.45) <.001
Employment (employed vs not employed) 1.02 (0.99-1.06) .201 0.89 (0.82-0.95) <.001 1.03 (0.88-1.20) .676
University education (completed vs not 105  (1.01-1.08) .004 0.86 (0.79-091) <.001 0.88 (0.76-1.01) .068
compl eted)
Engagement L evel Discussion

After participantsenrolled inthe My Health eSupport program,
only 12.43% (4829/38,835) of individuals in the Conditioned
Reward group and 8.49% (240/2826) of the Controls assessed
their readiness for change and selected a priority area for
lifestyle change. Out of these participants, 20.98% (1013/4829)
in the Conditioned Reward group and 24.17% (58/240) in the
Control group completed the second assessment at week 6. In
our regression analyses, loyalty rewards strategy was negatively
associated with initial engagement (OR 0.79, 95% CI 0.66-0.92;
P=.004) and it was not a significant predictor for ongoing
engagement ( P=.66). Meanwhile, age, gender, and numbers of
modifiable risk factors were significant predictors of ongoing
engagement (Table 3).
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Principal Findings

The main finding of this study was that a single exposure of
loyalty rewards significantly influenced enrollment for the My
Health eSupport program. Individuals were 27.9 times more
likely to enroll when presented with loyalty rewards. However,
contrary to our hypothesis, ongoing engagement was not
influenced by loyalty rewards. Individuals were more likely to
engage with the program if they were greater than 60 years of
age, female, or had one or more modifiable risk factors. These
findings suggest that a single exposure of loyalty rewards may
be used to encourage individual sto sign up for an Internet-based
preventative health initiative, but supplemental strategies are
required to maintain engagement.

Our findings on the effects of loyalty rewards with online
enrollment were consistent with other study findings using
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financial rewards [24]. Alexander et a [18] reported that
financial incentives of $2.00, $5.00, and $10.00 offered at the
point of enrollment were able to enroll 3.5%, 7.5%, and 2.7%
of the participants, respectively. It is encouraging to observe
that, in thisstudy, 20 Air Miles (equivalent to about $2.00 CAD)
was sufficient to enroll approximately 50% of the participants.
It isimportant to take into consideration that the participantsin
the Conditioned Reward group were from the Air Milesloyalty
reward program. These individuals may have perceived the
value of the loyalty reward as being greater than the direct
monetary value of $2.00. As a result, our findings may be
limited in the ability to generalize beyond Air Miles members.

Engagement level with Internet-based interventions has always
been a challenge as high dropout and losses to follow-up are
common. This phenomenon is described by Eysenbach as “the
law of attrition” [25]. It is hypothesized that the attrition curve
can be avaluable marker of the underlying causes for attrition.
In our study, the attrition followed an L-shaped curve, which
reflected aninitial rapid decline of participants, with aremaining
group of steady “hardcore” users who continuously used the
system over the 6-week interval of this study. This type of
attrition curve may indicate that the enrolled participants may
not be the appropriate user group for the HSFC website [25]
and/or that participants did not perceive the benefits of continued
engagement with the Internet-based health intervention [26].
Since the My Health eSupport program was designed to reduce
CVD risk through lifestyle changes, it may not be surprising
that the minority of individuals who continued to engage with
the eSupport program were those with higher CVD risk, such
asolder individuals or individual s with one or more modifiable
CVD risk factors.

A single exposure of loyalty reward may have aso contributed
to the low level of engagement with the My Health eSupport
program. Since rewards were presented at the point of
enrollment, some individualsin the Conditioned Reward group
may have enrolled for the sol e purpose of obtaining thisreward.
Thismay explain the negative association found between loyalty
rewards and initial engagement level. Charnesset al [27] found
that financial rewards may need to be presented on a number
of occurrences (for at least 5 weeks) in order to help individuals
pass the “threshold” level needed to sustain an activity on their
own for up to 16 weeks. The long-term effectiveness (>6
months) of using financial incentives to maintain behavior
change remains unclear, primarily due to the fact that the
majority of studies are short term (<6 months) [17]. A recent
meta-analysis reported several design features for financial
rewardsthat may help increase adherence to exercise programs.
These included (1) providing an assured financia incentive
rather than lottery or chance-based reward, (2) offering larger
incentives, and (3) incorporating incentives that are designed
to beindexed (eg, $25/pound of weight loss), or escalating (eg,
$10for thefirst pound lost, $15 for second pound logt, etc) [17].
It is important to incorporate these design features into future
studies aimed at behavior change using loyalty rewards.

Some researchers have cautioned against the use of any external
incentives as they may have the undesired effects of inhibiting
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intrinsic motivation [27,28]. Future studies on Internet-based
interventions should consider how indexed or escalated loyalty
rewards could be used to sustain program engagement while
maintaining or increasing intrinsic motivation associated with
a health behavior change. Based on self-determination theory,
intrinsic motivation is fulfilled by the psychological needs of
competence (a sense of mastery), autonomy (ownership over
behavior), and socia relatedness (feel socially connected to
others) [29]. Mitchell et a suggested that extrinsic rewards may
be used to fulfill these psychological needs in order to avoid
harming intrinsic motivation by (1) rewarding achievements of
realistic self-regulatory goals (eg, the use of self-monitoring),
(2) providing choice for the types of reward and the activities
chosen, and (3) offering rewards that are related to social
outcomes (eg, group contingencies or charitable donations) [17].
Additionally, it may be necessary to combine loyalty rewards
with previously established key components of counselling in
order to maintain levels of engagement in Internet-based
interventions. These components include: goal setting and
self-monitoring; the provision of feedback based on the patients
activity; self-efficacy enhancement; and relapse prevention [30].

Limitationsand Strengths

Several limitations of the present study should be noted. The
accuracy of self-reported datais open to challenge for validity.
Self-report bias such aslifestyle behaviors of exercise, diet, and
smoking could have influenced the accuracy of our results.
Engagement with the system was defined when participants
re-assessed their readiness for change and selected another
priority areafor lifestyle change. It is possible that individuals
maintained engagement with the program but never completed
the re-assessment, which may underestimate the levels of
engagement with the My Health eSupport Program. There are
other variablesthat may be associated with levels of enrollment
and engagement which were not assessed, such as income,
anxiety, and depression. Finally, there may be selection biasin
our study as the Conditioned Reward group consisted of
participants from the Air Miles loyalty reward program. This
may limit our ability to generalize our findings beyond Air
Miles members. A strength of this study includes the large
sample size. This is one of the first “real-world” (eg,
population-based) studies that has been conducted to examine
the effects of loyalty rewards on enrollment and engagement
with an Internet-based intervention.

Conclusions

Internet-based interventions hold great potential for delivering
preventive health initiatives at a population level. A single
exposure of loyalty rewards can increase enrollment but
additional strategiesare required to maintain engagement level.
This study has significant design implicationsfor incorporating
loyalty rewards as an effective enrollment strategy for future
Internet-based interventions. More research is needed that
explores the long-term effects of using loyaty rewards to
reinforce engagement level and the associated efficacy of
Internet-based health programs.
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Abstract

Background: Depressive disorders are highly prevalent in the working population and are associated with excessive costs. The
evidence for effective worker-directed interventions for employees with depressive symptoms is limited. Treating employees
with depressive symptoms via the Internet before they report sick from work could be beneficial and cost saving.

Objective: In this study, we tested the effectiveness over the period of 1 year of a Web-based guided self-help intervention,
called Happy @Work, for employees with depressive symptoms who were not on sick leave.

Methods: A two-arm randomized controlled trial comparing a worker-directed, Web-based, guided self-help intervention to
care as usua (CAU) was carried out. We recruited employees from 6 companies via the company’s Intranet and by putting up
posters. The inclusion criteria were elevated depressive symptoms as measured by a score =16 on the Center for Epidemiologic
Studies Depression scale (CES-D) and not being on sick leave. The intervention contained 6 lessons and consisted of
problem-solving treatment and cognitive therapy. Participants were asked to submit weekly assignments via the website after
completion of alesson and they received feedback from acoach viathe website. Self-report questionnaires on depressive symptoms
(CES-D; primary outcome), burnout (Maslach Burnout Inventory, MBI), work performance (Health and Work Performance
Questionnaire, HPQ), duration of absenteeism, and anxiety (Hospital Anxiety and Depression Scale, HADS; secondary outcomes),
were completed at baseline, posttreatment, and at 6-, and 12-month follow-up. Several subgroup and per-protocol analyses were
performed.

Results: A total of 231 employees were randomized to either the intervention group (n=116) or to CAU (n=115). Completion
of assessments varied between 54%-74%. |mprovement in depressive symptoms between baseline and posttreatment was shown
in all participants and these effects sustained over time. However, there were no differences between the 2 groups (adjusted
regression coefficient=0.46, 95% Cl —2.11 to 3.03, P=.72; Cohen’'sd=0.05). Differences between groups were al so not significant
for the secondary outcomes. No subgroups were identified to show differences between the groups, nor did we find abetween-group
effect in the per-protocol analyses.
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Conclusions: This study showed that a worker-directed, Web-based, guided self-help intervention was not more effective than
CAU in reducing depressive symptoms among employees with depressive symptoms who were not on sick |eave over the period
of 1 year. An intervention for this specific target group might not be necessary because the recovery in the CAU group was
comparable to the intervention group and sustained over a 12-month period.

Trial Registration: NederlandsTria Register (NTR): NTR2993; http://www.trialregister.nl/trial reg/admin/rctview.asp?T C=2993
(Archived by WebCite at http://www.webcitation.org/6PL 9pFCOn).

(J Med Internet Res 2014;16(7):€168) doi:10.2196/jmir.3539
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Introduction

Depressive disorders are highly prevalent in the general [1-3]
and working [4,5] populations and |ead to excessive costs[6,7].
Approximately 70%-85% of the costs are because of work
absenteeism, work impairment, and loss of work productivity,
which suggests that companies pay the largest part of the total
costs of depression [8-12].

Research on the treatment of depression has been extensive and
has shown that depression can be treated effectively with
different forms of psychotherapies[13-18]. Traditionally, most
types of psychotherapies are delivered face-to-face in mental
health care settings, but there is increasing evidence for the
effectiveness of treatments that are delivered via the Internet
[19-23]. In general, studies on the effectiveness of Web-based
interventions for the treatment of depressive symptoms show
positive short-term effects [21], but there are fewer studies
avalable that have also studied the long-term effects of
Web-based interventions [21]. In a recently published
meta-analysis on the effects of computer cognitive behavior
therapy (CCBT) for depression, Richards and Richardson [21]
reported the results of 14 studies that included a long-term
follow-up, primarily up to 6 months with few studies reporting
outcomes up to 12 months. They showed asmall but significant
effect of CCBT on depression (d=0.20) but stressed that more
studies are needed to confirm the benefits of Web-based
interventions at long-term follow-up [21].

The large number of studies on the treatment of depression in
mental hedlth care is in contrast with the few studies on
worker-directed interventions for employees with depression
or depressive symptoms. It is, however, important to develop
evidence-based worker-directed interventions for employees
with depression that involve work-rel ated aspects, such as high
job demands and work-life balance, because work-related
aspects play an important role in the development and
perpetuation of depression [24-26]. The Organisation for
Economic Co-operation and Development (OECD) [4] has
recently recommended to increase the evidence for
worker-directed treatments of mental health problems and have
highlighted the importance of intervening before employees
teke sick leave. Early intervention (before sick leave) is
important because it may prevent worsening of mental health
problems; consequently, it has the potential to reduce the costs
of work absenteeism and loss of work productivity [4,26,27].

http://www.jmir.org/2014/7/e168/

Several studies have been published on the effectiveness of
face-to-face or Web-based worker-directed interventions for
non-sick-listed employees [28-38]. Most of these studies were
aimed at employees with stress or burnout symptoms who had
not (yet) reported sick from work. All these studies showed
positive effects of the interventions on symptom reduction.
Care-as-usual (CAU) and waiting-list control groupswere used
most frequently asreference groups and the highest effectswere
seen in studies with awaiting-list control group. However, it is
known that studies that use a waiting-list control comparator
have atendency to show stronger effect sizes of theintervention
because they are less likely to positively affect the outcome
compared with active control groups, such as CAU [39]. Two
of these studies[30,31] examined face-to-faceinterventionsfor
non-sick-listed employees with depressive symptoms. To our
knowledge, no studies have been published on the effectiveness
of Web-based worker-directed interventionsfor employeeswith
depressive symptoms who are not on sick leave. Web-based
treatments may be of special benefit to the working population
because the employee will not have to take time off from work
for therapist visits and participation in Web-based treatments
is more anonymous compared to face-to-face treatment.

Considering the importance of developing Web-based
worker-directed interventions for employees with depression
and the limited knowledge on the long-term effects of such
interventions, we conducted arandomized controlled trial with
a long-term follow-up period of 12 months in which we
examined the effects of such an intervention for employeeswith
depressive symptoms who were not on sick leave compared to
a CAU control group. The design of this study has been
published elsewhere [40]. A process evaluation of this study
(submitted paper) revealed that the intervention was conducted
according to protocol and seemed feasible for further
implementation. The posttreatment effects of the Web-based
guided self-help intervention showed significant but small effect
sizes in favor of the intervention group for anxiety symptoms
and emotiona exhaustion. The intervention group improved
substantially on the primary outcome of depressive symptoms,
but the CAU control group improved considerably as well and
there was no significant difference between both groups [41].
It isof importanceto examine whether theimprovement in both
groups is sustainable over time or if there will be an increase
of depressive symptomsin 1 or both groups. Therefore, in this
study we examined between-group differences over a 1-year
follow-up period on depressive symptoms, burnout symptoms,
work performance, and anxiety symptoms. In addition, we
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studied the effects of the intervention on absenteeism and we
performed several subgroup analyses regarding educational
level, age, gender, working hours, and baseline depression score
because different effectsfor these subgroups might be possible.

Methods

Participants

The design and short-term outcomes of this study have been
described in detail elseawhere [40,41]. Therefore, we will
describe the design briefly. Participants were recruited via 6
different companiesin the Netherlands—2 banking companies,
2 research ingtitutes, 1 security company, and 1
university—through banners and digital pamphlets on the
company’s Intranet and via posters. Employees who showed

Figure 1. Flowchart of participants.

Geraedts et d

interest in the study received an information leaflet and an
informed consent form via email. After participants gave
informed consent, they received a link to an online screening
guestionnaire via email. Employees with elevated depressive
symptoms as measured by a score of 16 or higher on the Center
for Epidemiologic Studies Depression scale (CES-D) who were
not on sick leave (at the time they completed the baseline
guestionnaire) were eligible to take part in the study.
Furthermore, access to the Internet and an email address were
required. Participants were excluded if they had been using
medication for depressive symptoms for less than 1 month or
if they had a lega labor dispute with the employer. Once
included, participants were randomized to the Web-based
intervention or the CAU control group. The recruitment and
retention details are shown in Figure 1.

Did not return informed consent and/or
did not complete baseline questionnaire

(n=320)

Excluded (n=227):
- <16 CES-D (n=144)

- Absenteeism (n=4%)
- Unstable use of medication (n=12})

- Legal labor dispute (n=4)
- No diagnostic interview (n=17)
- Withdrew (n=2)
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Procedure

This study was a randomized controlled trial with 2 arms. a
Web-based guided self-help intervention (called Happy @Work)
and a CAU group. The study was approved by the Medical
Ethics Committee of the VU University Medical Center
(registration number 2011/2) and registered in the Dutch Trial
Register (NTR2993). The sample size was determined at 200
participants, based on a power of .80, an apha of .05, and an
expected dropout percentage of 30% to show a posttreatment
effect size Cohen's d of 0.50. A total of 231 participants were
randomized to the Happy@Work intervention (n=116) or the
CAU group (n=115). Randomization took place at an individual
level after completion of the baseline measurement
(questionnaire and clinical interview). We used stratification at
2 levels: (1) use of antidepressants and (2) receiving treatment
from a psychologist or psychiatrist at study entry. Block
randomization was used with random blocks containing 4, 6,
or 8 allocations. Anindependent researcher made the allocation
schedule with a computerized random number generator and
the investigators had no knowledge of the schedule. The
participants were informed about randomization outcome via
email. Participants completed online questionnaires at baseline
and posttreatment at 8 weeks (t1), 6 months (t2), and 12 months
(t3).

Interventions

Happy@work

The intervention Happy@Work [42] is a brief Web-based
intervention delivered with minimal guidance. It consists of 2
evidence-based treatments; problem-solving treatment (PST)

Figure 2. Screenshot of the Happy@Work intervention.

Happy@Work

Behandeling > Happy@work > Les 3 Gedachten en gevoel
Start @?Bege\eld door: Behandelaar Happy@Work

« Taken

Welkom

@ Contact

A Contactpersonen
Behandeling

® Happy@uwork
Dagboek

&5 stemming
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[43] and cognitive therapy (CT) [44], and a guideline for
employees to help them to prevent work-related stress [45,46].
Happy@Work consists of 6 weekly lessons with an option of
1 week extratime in case of delay. Each lesson has a different
theme, but always followsthe same structure: information about
the theme, examples, and assignments. Themes of the lessons
areintroduction of problem solving (lesson 1), problem-solving
methods (lesson 2), changing cognitions (lesson 3), dealing with
work-related problems (lesson 4), social support (lesson 5), and
relapse prevention (lesson 6). Participants receive feedback on
assignments from acoach. Coacheswere trained Master’s-level
students in clinical psychology. All coaches used a
protocol-treatment manual. To ensure treatment fidelity, all
feedback was reviewed by a supervisor (AG) before it was
placed on the website. Happy @Work isatunneled intervention,
which means that participants can start with a new lesson after
they have received feedback on their assignmentsfrom acoach.
Participants were viewed as treatment completers if they had
followed at least the basic information and assignments of PST
and CT (completion of lessons 1-3).

At the start of the intervention, an account was generated by
the researchers on the website and a coach was assigned to the
participant on the website. Once the account was generated, an
automatic email was sent to the participant with alink to activate
the account. Participants used their email address and a
self-created password to log in once the account was activated.
Reminders were sent to participants via email when deadlines
were not met. There were no changes to the content, bugs, or
periods with downtime during the trial. Screenshots of the
intervention can be found in Figure 2 and in Multimedia
Appendix 1.

aAﬂa Geraedts | dossier | uitoggen

Luister ‘)))

/,

In de vorige les bent u begonnen met het oplossen van belangrilke oplosbare problemen. U hebt voor het eerst met het
6-stappenplan gewerkt. Ook kreeg u informatie over het omgaan met belangrijke onoplosbare problemen

In deze les gaat u aan de slag met het oplossen van onbelangrijke problemen

Het 6-stappenplan

Bent u al aan de slag gegaan met het 6-stappenplan? Hopelijk is het u gelukt om uw plan goed uit te voeren. Werkte uw
oplossing of strategie niet? Probeer dan een van de tips hieronder.

Wat doet u als de oplossing niet werkt?
« Ga na waarom uw oplossing niet werkte en pas eventueel uw plan aan. Voer uw plan nogmaals uit

« Kies een andere oplossing en maak daarvoor een plan; ga terug naar stap 3 en werk vanaf dat punt verder.
= Bedenk eventueel nog andere oplossingen (ga terug naar stap 2).

« Begin met het oplossen van een makkelijker probleem. Zo krijgt u ervaring in het werken met het 6-stappenplan.

Daardoor kunt u moeilijke problemen later ook beter aanpakken

Onbelanariike nroblemen
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Care as Usual

Participants randomized to the CAU group received an email
with the randomization outcome only and were advised to
consult their (occupational) physician or a psychologist if they
wanted treatment for their depressive symptoms. Participants
in both conditions were free to seek any additional (mental)
health care.

M easures

Depressive Symptoms

The primary outcome was depressive symptoms as measured
by the CES-D [47]. This questionnaire is widely used for
identifying people with depressive symptoms. Its validity has
been tested in different populations [48-50]. The CES-D consists
of 20 items and the total score varies between 0 and 60. The
baseline Cronbach alphain this study was .82. A score of 16 or
higher represents a clinically significant level of depressive
symptoms [47]. The cut-off score of 16 was used in this study
as an inclusion criterion. This cut-off score is used frequently
in studies and has shown to have good sensitivity (0.95),
specificity (0.85), and positive predictive value of major
depression (0.11) in a sample of employees[50].

Burnout Symptoms

Burnout symptoms were measured with the Dutch version of
the Maslach Burnout Inventory-General Scale (MBI) [51,52].
This sdf-report questionnaire contains 15 items and 3
dimensions. emotional exhaustion (5 items), cynicism (4 items),
and reduced professional efficacy (6 items). Every item was
scored on a 7-point Likert scale (0-6). Following the manual of
the questionnaire [52], a total score for every dimension was
calculated by adding the item scores and by dividing the total
score by the number of items, with higher scores indicating
more severe symptoms. We rescored the professional efficacy
dimension with higher scores indicating less feeling of
professional efficacy. The baseline Cronbach alphas for the
different dimensionsin this study were .83 for exhaustion, .83
for cynicism, and .79 for reduced professional efficacy.

Work Absenteeism

Work absenteeism was measured with the second part of the
Trimbos and iIMTA Questionnaire on Costs Associated with
Psychiatric IlIness (TiC-P) the Short Form Health and Labor
Questionnaire (SF-HLQ) [53]. The participant was asked to
report the total number of days absent from work because of
illness in the time period between the assessments at 8 weeks
(t0-t1), 4 months (t1-t2), and 6 months (t2-t3). Therecall period
at baseline assessment was 3 months. Research has shown that
participants can report valid and accurate rates of work
absenteeism up to 6 months [54].

Work Performance

We used the general work performance scale of the World
Health Organization (WHO) Health and Work Performance
Questionnaire (HPQ) [55], which contains 4 items. Item 4 gives
the best and easiest indication of the participant’s perception of
their own work performance [56] by asking participantsto rate
their overall work performance during the past 4 weeks
compared to employeesin comparable functions. We only report

http://www.jmir.org/2014/7/e168/

Geraedts et d

on that item in this study. Work performance was scored on a
7-point Likert scale with a higher score indicating poorer work
performance compared to other employees [56].

Anxiety Symptoms

The anxiety subscale of the Hospital Anxiety and Depression
Scale (HADS) was used to measure anxiety symptoms [57].
The anxiety subscale of the HADS consists of 7 items. Scores
range from 0 to 21, with higher scoresindicating more anxiety.
The HADS has shown good homogeneity and reliability in
different normal and clinical Dutch samples[58]. The baseline
Cronbach alphain this study was .76.

Clinical Interview

The WHO Composite | nternational Diagnogtic Interview version
2.1 (CIDI) [59] is a structured interview to assess psychiatric
diagnosis defined in the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders, 4th
edition, Text Revision (DSM-IV-TR) [60]. For this study, 2
sections of the CIDI were assessed: the mood disorders section
and the " other” anxiety disorders (social phobia, panic disorder,
agoraphobia, and generalized anxiety disorder) section. The
CIDI was conducted by trained interviewers via telephone at
baseline (TO) and 6-month follow-up and was used for
diagnostic purposes.

Health Care Utilization

A revised version of the Trimbos and iMTA Questionnaire on
Costs Associated with Psychiatric 111ness (TiC-P) [53] wasused
to collect data on health care utilization. The TiC-P is a
self-report questionnaire and consists of 2 different parts that
can be administrated separately. Part | was used, which contains
12 items concerning health care utilization by participants. There
were 2 questions added to the questionnaire about the frequency
of utilization of different health care services of the company:
occupational physician and occupational social work. The
guestionnaire was used at TO to assess health care utilization
up to 3 months before the start of the study and at posttreatment
(1) assessment to assess health care utilizati on between baseline
and posttreatment assessment.

Other Measures

Weincluded severa demographic questions and questions about
working hours and working days in the baseline questionnaire.

Statistical Analyses

Effectiveness

Linear mixed modeling (LMM) was used to examine treatment
differences. Two LMM anayseswere performed: (1) unadjusted
analyses, only controlling for the baseline score of the outcome
measure and (2) adjusted analyses, controlling for other baseline
variables, such as age, gender, marital status, educational level,
nationality, and working hours, aswell as the baseline outcome
score. In LMM analyses, the regression coefficient represents
the overall mean difference between the groups over time, so
over all assessments after baseline. Reporting the overall mean
difference between the groups over time was chosen because
we were interested in the difference between the groups over
the entire period of 1 year. If the regression coefficient is
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positive, the mean difference is in favor of the intervention
group; if the regression coefficient is negative, the mean
differenceisin favor of the CAU group.

Anoverall between-group effect sizefor every outcomevariable
was cal culated according to Cohen’sd [61]. The Cohen’sd was
calculated by dividing the overall mean difference between the
groups (expressed as regression coefficient) by the overall SD
of the observed data. Effect sizes>0.8 are assumed to be large,
effect sizes between 0.5-0.8 are moderate, and effect sizes
between 0.2-0.5 are assumed to be small [61]. Furthermore, in
additional analyses we calculated the Cohen’s d for depressive
symptomson every assessment based on the observed data. The
Cohen’s d was calculated by subtracting the mean score of the
CAU group from the mean score of the intervention group and
dividing that result by the pooled standard deviation.

All analyseswere performed according to theintention-to-treat
(ITT) principle. Missing data were handled by multiple
imputation via data augmentation. Data augmentation is an
iterative Markov chain Monte Carlo method to generate the
imputed values assuming a multivariate normal distribution.
Five imputations were used in all analyses and reported in the
effectiveness analyses. Results of the mean and standard
deviations reported are of the observed data.

Subgroup and Per-Protocol Analyses

We performed several apriori subgroup analyses on the primary
outcome depressive symptoms. These subgroup analyses were
educational level, age (age <35 versus age=35), gender, working
full time (=36 hours per week) versus part time (<36 hours per
week), and high baseline score as defined by a score of =227 on
the CES-D (used more often as an indicator of more severe
depressive symptoms) [62-64]. In the subgroup analyses, the
specific subgroup was selected from all study participants and
the difference between the groups over timewas then compared.
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Furthermore, we performed a per-protocol analysis based on
treatment completers (completed >3 |essons of the intervention).

Sensitivity Analyses

We also performed all analyses on the datafor 100 imputations.
Because there is a current debate whether it is necessary to
perform multipleimputati onsin combination with mixed-model
analyses in longitudina studies [65], we also performed the
LMM anayses without multiple imputations. All multiple
imputations and LMM analyses were performed in STATA
version 11.2 (StataCorp LP, College Station, TX, USA) with
the procedures mi and xtmixed.

Results

Participants and Response Rates

Figure 1 showstheflow of participantsthrough thetrial. A total
of 231 participants were included in thetrial, 29.7% (231/778)
of the employees who showed initial interest in the study. Of
these, 116 participants were randomized to the intervention
group and 115 to the CAU group. Most participants (n=166)
were employed by 1 of the 2 banking companies, 39 by the 2
research institutes, 11 by the security company, and 15 by the
university. Of the 231 participants, 10 (4.3%) used medication
without psychological treatment, 24 (10.4%) received
psychological treatment but no medication, and 4 participants
(1.7%) used both medication and received psychological
treatment at baseline. Thus, most participants in both groups
(83.6%, 193/231) were not receiving treatment for their
depressive symptoms at baseline.

As shown in Table 1, most participants were female (62.3%,
144/231), born in the Netherlands (95.2%, 220/231), involved
in an intimate relationship (76.2%, 176/231), highly educated
(63.6%, 147/231), and worked for 34 hours per week on average.
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Table 1. Participants' demographic characteristics at baseline.
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Characteristic All Intervention CAU P
(N=231) (n=116) (n=115)
Age (years), mean (SD) 43.4(9.2) 43(8.9) 43.8 (9.6) 51
Gender, n (%) .20
Female 144 (62.3) 77 (66.4) 67 (58.3)
Male 87 (37.7) 39(33.6) 48 (41.7)
Country of birth, n (%) .03
Netherlands 220 (95.2) 107 (92.2) 113 (98.3)
Other 11(4.8) 9(7.8) 2(L7)
Marital status, n (%) .46
Relationship 176 (76.2) 86 (74.1) 90 (78.3)
No relationship 55 (23.8) 30(25.9) 25(21.7)
Education, #n (%) 25
Low 16 (6.9) 11(9.5) 5(4.3)
Middle 68 (29.4) 31(26.7) 37(32.2)
High 147 (63.6) 74 (63.8) 73 (63.5)
Working hours,? mean (SD) 33.9(5.0) 33.7 (4.8) 34.0 (5.3) 65
Working days, mean (SD) 4.3(0.7) 4.3 (0.6) 4.2(0.7) 32

4 _ow: primary education or lower general secondary education; middle: intermediate vocational education or high school; high: higher vocational

education or university.
BMean worki ng hours per week according to contract of the employee.

Diagnosis

All participants completed the baseline clinical interview. At
6-month follow-up, atotal of 170 participants (73.6%, 170/231)
participated in the clinical interview. A total of 57 participants
(24.7%) were diagnosed with a current major depressive
disorder, dysthymic disorder, or both at baseline: 23 participants
from the intervention group and 34 in the CAU group. At
6-month follow-up, 19 participants were diagnosed with a
current major depressive disorder, dysthymic disorder, or both:
6 participants from the intervention group and 13 in the CAU
group. From the 57 participants who were diagnosed with a
current major depressive disorder, dysthymic disorder, or both
at baseline, 9 participants suffered from a current maor
depressive disorder, dysthymic disorder, or both at 6-month
follow-up as well: 2 participants from the intervention group
and 7 participants from the CAU group. There were 10
participants who were diagnosed with acurrent major depressive
disorder, dysthymic disorder, or both at 6-month follow-up but
not at baseline. Of those 10 participants, 4 participants were
from the intervention group and 6 participants were from the
CAU group.

Health Care Utilization

At posttreatment, we analyzed the health care utilization of both
groupsto get amore detailed view on health care utilization by
the CAU group. Only a small number of the total participants
made use of health care and this was not significantly different
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between the groups. A detailed description of health care use
can be found elsewhere [41].

Attrition and Adherence

Study Attrition

The attrition rates for the study sample were 26% at
posttreatment assessment, 32% at the 6-month follow-up
assessment, and 46% at the 12-month follow-up assessment.
Participants in the CAU group completed the posttreatment

assessment (x%=11.5, P=.001) and the 6-month follow-up

assessment (x21:4.9, P=.03) more often. There were no
differences between the groups for completion of the 12-month
follow-up assessment. Attrition rates for the posttreatment
assessment were lower in participants who completed the

intervention (x%,=32.1, P<.001).

I ntervention Adherence

Of the 116 participants randomized to the intervention group,
9.5% (11/116) did not start or complete the first lesson of
Happy@Work. A total of 67 participants (57.8%) were seen as
treatment compl eters because they completed 3 or morelessons
of the intervention. A total of 29 of 116 participants dropped
out of the intervention at their own request or because of
prolonged inactivity on the website. The other participantswere
not able to complete more lessons within the time limit of 7
weeks. Most participants who dropped out did not report a
reason for dropout (15/116, 12.9%). When reasonswerereported
(14/116), they pertained mostly to lack of time (8/14, 57.1%).
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Table 2. Observed scores of the intervention and care-as-usual (CAU) groups on different outcome measures.

Outcome Assessment time, mean (SD)
Baseline (t0) Posttreatment (t1) Follow-up 6 months (t2)  Follow-up 12 months (t3)
(n=231) (n=171) (n=157) (n=125)

CESD

Intervention 25.7 (7.5) 15.8 (10.6) 15.7 (11.3) 13.8(9.7)

CAU 26.1(7.0) 18.3(9.1) 145 (8.9) 16.2 (10.7)
MBI -exhaustion

Intervention 3312 2712 2.6 (1.9 23(1.9)

CAU 3.3(1.1) 3.0(1.2) 25(1.2) 2.5(1.3)
MBI-cynicism

Intervention 2.8(1.3) 2.4(1.3) 2.5(15) 2.4 (1.4)

CAU 3.1(1.3) 2.8(1.3) 2.4(1.3) 2.4 (1.4)
MBI-reduced professional efficacy

Intervention 2.6 (1.0) 2.4(1.0) 2.3(1.1) 2.2(1.2)

CAU 2.7(0.9) 2.5(0.9) 2.3(0.9) 2.3(1.1)
Absenteeism (days) 2

Intervention 1.8(2.7) 0.4 (1.0) 3.6 (9.4) 7.3(25.6)

CAU 2.0(3.3) 1.6 (4.9) 5.0 (13.7) 6.9 (23.3)
Work performance

Intervention 4.1(1.6) 3.6 (15) 3.6(15) 3.6(15)

CAU 43(1.8) 3.6 (1.5) 3.6 (1.5) 3.7 (1.6)
HADS

Intervention 10.6 (3.8) 7.6 (3.8) 6.8 (4.1) 6.6 (4.1)

CAU 10.2 (3.2) 8.3(3.6) 7.2 (4.0) 6.8 (4.0)

8Recall periods differed per assessment: 3 months (t0), 8 weeks (t1), 4 months (t2), 6 months (t3).

Effectiveness

All participants improved between baseline and posttreatment
on the primary outcome depressive symptoms and this
improvement sustained over time (see Table 2). However, the
overall estimated mean difference between the groups over time
was not significant (see Table 3). This indicates that the
estimated mean difference between the groups over the period
of 1 year was not significant. The overall between-group effect
size was small (d=0.05). The Cohen’s d per assessment were
all small to moderate effect sizesand nonsignificant (t1: d=0.26,
95% CI —0.04 to 0.56; t2: d=—0.12, 95% CI —0.43 to 0.20; t3:
d=0.24 95% CI -0.12 to 0.59).
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For the secondary outcomes, the same pattern of results was
seen as with the depressive symptoms. There were
improvements between baseline and posttreatment assessment
on the secondary outcomes and these improvements sustained
over time (see Table 2), but there were no significant differences
between the groups over time. The overall between-group effect
sizes for the secondary outcomes were al small (see Table 3).
The absenteeism outcome was expressed in duration of
absenteeism during the time period between 2 assessments.
Therefore, it is not possible to study whether there was an
increase or decrease of absenteeism duration over time, but only
the differences between the groups on absenteei sm duration can
be examined. The overal estimated mean difference between
the groups over time was not significant (see Table 3).

JMed Internet Res 2014 | vol. 16 | iss. 7 [e168 | p.22
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 3. Overall effectiveness on different outcome measures.
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Outcome Unadjusted coefficient?  95% Cl P Effectsize® Adjusted coefficient® 95% Cl P Effectsize®
CES-D 0.14 200,227 .90 001 0.46 211,303 .72 005
MBl-exhaustion ~ 0.10 -014,033 .42 008 0.10 -013,033 .40 008
MBI-cynicism -0.08 -0.33,017 54 -006 -0.07 -032,018 57 -005
MBI-reduced profes-  0.00 -0.24,024 98 0.00 0.04 -0.20,027 .76 004

sional efficacy

Absenteeism -0.01 -469,467 .99 0.00 -0.89 609,431 .72 004

Work performance  0.05 024,035 .72 003 0.01 -030,032 .94 001
HADS 0.48 029,125 22 012 0.60 -019,1.38 .13 015

3Unadjusted regression coefficient: analyses adjusted for baseline outcome score.
bThe effect sizeis presented as an overall effect size represented as Cohen’s d: the number of standard deviationsin the intervention group hasimproved

more than the CAU group.

CAdjusted regression coefficient: analyses adjusted for baseline variables and baseline outcome score.

Subgroup Analyses

Data from the a priori subgroup analyses are reported in Table
4. Therewere no significant differencesin depressive symptoms
between the groups over timein any of the subgroups. Because

the coefficients from the different subgroups were not
substantially different from each other, there were no additional
interaction effectstested to study whether there was adifference
between the different subgroups over time.

Table 4. Overdl effectiveness on depressive symptoms in different subgroups.

Subgroup Unadjusted coefficient? 95% Cl P
Gender

Female 0.60 —2.13,3.33 .66

Male -0.35 —4.06, 3.37 .85
Educational level

Low -0.24 —11.95, 11.46 97

Middle 112 -3.30, 5.53 .61

High -0.34 -2.89,2.21 .80
Baseline CES-D score

Score <27 0.76 —2.05, 3.60 .59

Score =27 -0.37 -4.62, 3.89 .86
Age

Age<35 -0.22 -5.10, 4.66 .93

Age =35 0.28 —2.05, 2.60 .82
Working hours

Work part time -0.95 —4.05, 2.16 .55

Work full time 0.93 -1.95,3.82 52

8Unadjusted regression coefficient: analyses adjusted for baseline depression score.

Per-Protocol Analyses

The per-protocol analyses, in which the group of treatment
completers was compared to the CAU group, did not reveal any
significant resultson the primary outcome depressive symptoms
(unadijusted regression coefficient=—0.48, 95% CI —4.28 0 3.33,
P=.80) and all secondary outcomes. The overall estimated mean
difference for the MBI exhaustion dimension was 0.10 (95%
Cl -0.24 to 0.43, P=.57), for the MBI cynicism dimension it
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was 0.14 (95% Cl —0.21 to 0.49, P=.42), for the MBI reduced
professional efficacy dimension it was—0.03 (95% Cl —0.48 to
0.41, P=.88), for work performanceit was—0.14 (95% CI —0.79
t0 0.51, P=.65), for absenteeism it was—1.66 (95% CI —7.10 to
3.78, P=.54), and for anxiety symptoms it was 0.08 (95% CI
-1.06 to 1.23, P=.89).
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Sensitivity Analyses

The analyses from the datasets without imputations and with
100 imputations did not reveal any relevant differences
compared to the outcomes from the dataset with 5 imputations
(data not shown).

Discussion

Principal Results

This study examined the long-term effects of aworker-directed,
Web-based, guided self-help intervention on depressive
symptoms, several work-related outcome measures, and anxiety
symptoms compared to CAU in employees with depressive
symptomswho were not on sick leave. This study did not affirm
evidence for the long-term effectiveness of the Web-based
intervention compared to CAU for any of the outcome measures.
Overall, participants improved substantially on the primary
outcome depressive symptoms between baseline and
posttreatment assessment and these improvements sustained
over the period of 1 year. Thiswasalso truefor thework-related
outcomes of burnout symptoms and work performance as
participantsimproved between baseline and posttreatment with
sustainable effects up to 12 months. Overall, participants further
improved after posttreatment assessment on anxiety symptoms.
However, no difference between the 2 conditions in the course
of symptoms was found on any of the outcome measures.
Furthermore, there were no significant mean differences between
the groups on duration of absenteeism during the follow-up
period. We were not able to identify any subgroups that
benefited from the treatment compared to CAU. Participants
with arelatively high or low score on depressive symptoms,
male or female, age <35 or >35 years, working part time or full
time, having a low, middle, or high educational level, or who
had completed treatment or not did not improve more than the
CAU group with respect to their depressive symptoms.

Comparison With Prior Work

Theresults of thisstudy regarding depressive symptoms are not
in line with the positive findings of the meta-analysis on the
long-term effects of CCBT for depression by Richards and
Richardson [21]. The Cohen’s ds that were assessed at each
time point, based on the observed data, showed effect sizesthat
were closeto the overall effect size of Richardsand Richardson,
but they were not significant and the effect size over time was
small (d=0.05). There are 2 important differences between the
studiesanalyzed in the meta-analysis and our study which make
theresults of the meta-analysis more difficult to compareto this
study: (1) in general, the studiesin the meta-analysis examined
a target group with more severe depressive symptoms and/or
depressive disorders at baseline compared to this study, and (2)
none of the studies in the meta-analysis were tested in a
workplace context. Two studies have been published on the
effects of Web-based interventions in aworkplace context that
included long-term follow-up results and that focused on a
comparabletarget group of non-sick-listed employeeswith mild
to moderate depressive symptoms at baseline. Both studies
tested unguided Web-based interventions. One of these
interventions was a worker-directed intervention [28] and the
other had no specific focus on work-rel ated problems [66]. Both
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studies did not report significant effects in favor of the
intervention at follow-up (either 3 or 6 months) and showed the
same pattern of improvement as was found in this study:
substantial improvements between baseline and posttreatment
which sustained at follow-up in both groups. This pattern of
improvement was al so seen in this study, but not in other studies
with long-term follow-up assessments [21].

The large reduction in depressive symptoms in the CAU group
between baseline and posttreatment was unforeseen and
sustained at the follow-up assessments[34,67,68]. We discussed
several potentia reasons for the large reduction of depressive
symptomsinthe CAU group when we reported the posttreatment
effectiveness of this study. These were spontaneous recovery,
a phenomenon which is seen more often in patients with
depression [69], recruitment of highly motivated employees
who were willing to change which could have let to
improvement by itself, positive influences of work (ie, being
ableto function and stay at work while experiencing depressive
symptoms might have had a positive influence on recovery of
depressive symptoms), a company’s participation in this study
gives a positive signal of an open environment to employees
(ie, achangein organizational culture) which could haveled to
participants in the CAU group discussing their mental health
problems with their supervisor which can result in reduction of
depressive symptoms, and the email with randomization
outcome for the CAU group contained advice to seek treatment
for depressive symptoms. This email could have instigated a
behavioral change according to the stages-of-change model
from Prochaska and colleagues [70]. Only a small percentage
of the participants in the CAU group reported having received
professional help. However, it could be possible that other
participants received help in a different way; for example, via
their significant other or via other self-help treatments. In
relation to the latter reason for the reduction of symptomsin
the CAU group, it could also be possible that for this specific
target group filling in a questionnaire about depression during
aperiod of sad mood could have been enough of anintervention
by itself. Considering the comparable pattern of findings of this
study and the study of Grime [28] and Phillips and colleagues
[66] in non-sick-listed employees, it may be possible that
spontaneous recovery of depressive symptomsismore common
in this specific target group, but all these reasons could have
contributed to the large improvementsin the control group.

When we examined the posttreatment effects of the Web-based
guided self-help intervention on burnout symptoms [41], we
found small but significant differences in favor of the
intervention group for emotional exhaustion but not on the other
2 dimensions, cynicism and reduced professional efficacy. We
explained thisfinding by postul ating that achangein emotional
exhaustion might show afirst indication of treatment effect on
burnout and that the other dimensions, cynicism and reduced
professional efficacy, would follow because these are related
to cognitions and attitudes that generally take a longer time to
show improvement. Apparently, this was not the case because
no further improvements on the cynicism and reduced
professional efficacy dimensions occurred at follow-up, but the
small improvements between baseline and posttreatment
assessment sustained during follow-up.
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To our knowledge, this is the first study on Web-based
interventions that has used absenteei sm as an outcome measure.
We did not find between-group differences in absenteeism, but
we were not able to investigate if there was an increase or
decrease in absenteei sm over time because of the use of different
time periods between assessments. Future research on
Web-based interventions, especially when tested in the
workplace context, should include absenteeism duration and
frequency as an outcome measure.

Limitations

This study has several limitations. The first has to do with the
attrition rate and handling of missing data. We were confronted
with ahigh attrition rate which is seen more often in Web-based
interventions[71,72]. Theattrition ratesin this study were equal
or lower compared with several similar studies on guided
Web-based interventions for depression with long-term
follow-up assessments[67,73,74]. The biasthat may have been
introduced was accounted for by applying multiple imputation
techniques. Because of the current debate on the necessity of
multipleimputationsin combination with mixed-model analysis
in longitudinal studies [65], we aso performed mixed-model
analysis without multiple imputations. The results were
comparable, indicating that data were robust and multiple
imputations may not have been needed. Second, the participants
in this study were primarily Dutch white-collar workers with a
high educational level. Therefore, it is uncertain whether the
results can be generalized to the general working population or
employeeswith alower education level. Although our subgroup
analysis on educational level did not show significant
differences, the subgroup analyses had alack of power and only
36.4% of the study population had alow or middle educational
level. Third, the power-analysis was based on a posttreatment
effect and, therefore, the analyses on follow-up assessments
have alack of power. Finally, as stated previously, adherence
to the intervention was low and only 57.8% completed at |east
3 lessons of the intervention. Therefore, the analyses of
comparisons between theintervention group and the CAU group
compared the effects of alow adherenceintervention, with many
participants who only followed asmall part of the intervention.
The per-protocol analyses did not show significant differences
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either, but had alack of power because the analyses were only
based on 42.2% of the intervention group.

Implications and Future Research

The results of this study implicate that the intervention
Happy@Work is not more effective in reducing depressive
symptoms than CAU over the period of 1 year. Overal,
participants improved substantially between baseline and
posttreatment assessment on depressive symptoms and these
improvements sustained over time. Participants also improved
on the secondary outcomes, which sustained over time. The
largeimprovements on depressive symptomsin the CAU group
were also found in 2 studies with comparable target groups of
non-sick-listed employees [28,66]. Therefore, it could be
possible that spontaneous recovery of depressive symptomsis
morelikely inthis specific target group. Observational research
following non-sick-listed depressed employees over time could
provide moreinsight.

The process evaluation that was performed alongside this trial
concluded that the intervention was feasible for further
implementation. However, based on the results of thistrial we
do not recommend to directly implement Happy@Work into
routine practice because it was not more effective than CAU
over time. It could, however, be possible that the intervention,
eventhough it isnot effective from aclinical perspective, could
be effective from an economical perspective (eg, cost-effective).
This needs further investigation. Further, more research is
needed to examine the possihilities of using e-mental health in
the workplace setting. This research should focus on the needs
of employees with mental health problems and on the ideal
moment when intervention isreally necessary.

Conclusions

This study showed that the Web-based, worker-directed, guided
self-help intervention Happy@Work is not more effective in
reducing depressive symptoms than a CAU group over the
period of 1 year. Based on the results of this study, we can
conclude that an intervention for employees with mild to
moderate depressive symptomswho are not on sick leave might
not be necessary because the natural recovery inthe CAU group
was comparable to the intervention group and sustainable over
a 12-month period.
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Abstract

Background: Traditional secondary prevention programs often fail to produce sustainable behavioral changesin everyday life.
Peer-modeling interventions and integration of peer experiences in health education are a promising way to improve long-term
effects in behavior modification. However, effects of peer support modeling on behavioral change have not been evaluated yet.
Therefore, we implemented and evaluated a website featuring patient narratives about successful lifestyle changes.

Objective:  Our aim is to examine the effects of using Web-based patient narratives about successful lifestyle change on
improvements in physical activity and eating behavior for patients with coronary heart disease and chronic back pain 3 months
after participation in arehabilitation program.

Methods: Thelebensstil-aendern (“lifestyle-change”’) websiteis anonrestricted, no-cost, German language website that provides
more than 1000 video, audio, and text clips from interviews with people with coronary heart disease and chronic back pain. To
test efficacy, we conducted a sequential controlled trial and recruited patients with coronary heart disease and chronic back pain
from 7 inpatient rehabilitation centers in Germany. The intervention group attended a presentation on the website; the control
group did not. Physical activity and eating behavior were assessed by questionnaire during the rehabilitation program and 12
weeks later. Analyses were conducted based on an intention-to-treat and an as-treated protocol.

Results: A total of 699 patients were enrolled and 571 cases were included in the analyses (control: n=313, intervention: n=258;
female: 51.1%, 292/571; age: mean 53.2, SD 8.6 years; chronic back pain: 62.5%, 357/571). Website usage in the intervention
group was 46.1% (119/258). In total, 141 trial participants used the website. Independent t tests based on the intention-to-treat
protocol only demonstrated nonsignificant trendsin behavioral change related to physical activity and eating behavior. Multivariate
regression analyses confirmed belonging to the intervention group was an independent predictor of self-reported improvements
in physical activity regularity (3=.09, P=.03) and using less fat for cooking (3=.09, P=.04). In independent t tests based on the
as-treated protocol, website use was associated with higher self-reported improvementsin integrating physical activity into daily
routine (d=0.22, P=.02), in physical activity regularity (d=0.23, P=.02), and in using less fat for cooking (d=0.21, P=.03).
Multivariate regression analyses revealed that using the website at least 3 times was the only factor associated with improved
lifestyle behaviors.
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Conclusions: Usage of the lebensstil-aendern website corresponds to more positive lifestyle changes. However, as-treated
analyses do not alow for differentiating between causal effects and selection bias. Despite these limitations, the trial indicates
that more than occasional website usageis necessary to reach dose-response efficacy. Therefore, future studies should concentrate
on strategies to improve adherence to Web-based interventions and to encourage more frequent usage of these programs.

(J Med Internet Res 2014;16(7):€177) doi:10.2196/jmir.3434

KEYWORDS
coronary artery disease; lifestyle; health behavior; back pain; personal narratives as topic; Internet; diet; exercise; Web-based

intervention

Introduction

Methods

Noncommunicable and chronic diseases, such as coronary heart
disease or chronic back pain, create a substantial personal and
public burden globally. Diseases of the circulatory system
account for 35% of deaths in Europe [1]. Chronic back pain is
one of the most frequently occurring diseases of modern
civilization; estimated 1-month prevalence is more than 20%
globally [2]. Lifestyle-related risk factors, such as physical
inactivity and unhealthy eating, are associated with a higher
risk for these chronic diseases [3-7]. Thus, lifestyle change is
a central aim in secondary prevention. Traditional secondary
prevention programs, such as inpatient rehabilitation programs
or back therapy training, have proved to be successful in the
short term, but they often fail to generate sustainable behavioral
changesin everyday life [8,9].

Peer-modeling interventions and integration of peer support
and peer experiences in health education are a promising way
to improve long-term effects in disease management [10-13].
According to social cognitive theory [14], complex behavioral
patterns can be learned by watching others. In research
concerning patients expectations and information-seeking
behavior, patients often report a specia interest in patient
narratives and peer support [15-17]. Peer support is shown to
be effective in improving self-efficacy and recovery from
surgery in patients with heart diseases [18,19] as well as
reducing disability and pain in chronic pain patients [20].
Interventions featuring patient narratives have a positive effect
on cancer screening decisions [21] and self-care in diabetes
patients [22,23].

Patient narratives about illness experiences can be found on
various Web forums, such as video and social networking
websites (eg, YouTube and Facebook), and on publicly funded
websites such asthe healthtalkonline website (formerly DIPEX)
[24]. However, empirical dataon theimpact of patient narratives
and peer modeling on lifestyle behavior modification are still
lacking. Therefore, weimplemented and subsequently evaluated
awebsite featuring patient narratives about successful lifestyle
changes. Our objective was to examine whether the use of this
website [25] contributes to improvements in physical activity
and eating behavior in chronically ill coronary heart disease and
back pain patients.

http://www.jmir.org/2014/7/e177/

The Website

Overview

The website lebensstil-aendern (“lifestyle-change’) is a
nonrestricted, no-cost, German language website that provides
more than 1000 video, audio, and text clips from interviews
with patients living with coronary heart disease and chronic
back pain. The website has been online since November 2011
and is certified with the Health on the Net Foundation Code of
Conduct (HONcode), a certificate addressing reliability and
trustworthiness of medical information on the Internet [26].
Details on implementation, usability evaluation, and usage
statistics are reported elsewhere [27].

The Patient Narratives

We interviewed 39 people with coronary heart disease and 27
with chronic back pain who reported that they had successfully
modified their behavior in at least 1 lifestyle domain for more
than 6 months. These problem-centered interviews[28] focused
on strategies and barriers in maintaining a healthy lifestyle.
Interviewees were recruited across Germany through media
coverage, information events, flyers, word-of-mouth
recommendations, and social media

The interviews lasted between 1 to 3 hours. We extracted short
clips addressing different aspects of lifestyle modification. All
clips are provided with text and may also contain a video or
audio clip depending on the interviewees preferences. Before
publication, patients were contacted again to decide which clips
should be published, whether statements should be removed,
and if they wanted to use a pseudonym or their real name. For
quality assessment and to avoid potentially harmful suggestions,
experienced cardiol ogists and orthopedists reviewed all patient
statements before publication.

Website Structure and Content

Thewebsiteis structured using a horizontal menu with linksto
the home page, a news page, the patient narratives, a forum,
background information, and a contact form (see Figure 1).

The news page is updated several times a month by the project
team and provides news about recent research results and
announcements of new patient narratives, recipes, and
project-related updates. The patient narratives are divided into
2 indication-specific modules and structured using a vertical
menu with the following categories: overcoming your “weaker
self”, getting active, eating healthier, reducing stress, getting
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support, dealing with the disease, quitting smoking (only inthe  each patient. Users can comment on single clips and evaluate
coronary heart disease module), and keeping the spinein mind  them (see Figure 2).

(only inthe chronic back pain module). In addition to the menu,
suitable clips can be found via a filter for age and sex, a tag
cloud, searching for keywords, or through overview pages for

Theforum contains the same categories asthe patient narratives.
Posts are accessible for everyone, but users must be registered
and logged in to post to the forum.

Figure 1. Screenshot of the lebensstil-aendern home page.

Volltextsuche..

lebensstil-

A A A+ Neuigkeiten Patienten berichten Forum Uber uns Kontakt

Patienten berichten...

__Uiber ihren Weg zu einer gesiinderen Lebensweise mit chronischen Herz- und
Rickenerkrankungen.

Sie erzéhlen von den Schwierigkeiten und Rackschlagen, davon, wie es ihnen gelungen ist, diese
Hiirden zu tberwinden und wer oder was ihnen dabei ganz besonders geholfen hat.

...zu den Berichten

Auf unserer Seite Neuigkeiten finden Sie aktuelle Informationen uber
das Projekt und neue wissenschaftliche Erkenntnisse.

Chronische Rickenschmerzen

Unter Patienten berichten finden Sie unsere Interviews:

Korenare Herzerkrankung

Video Ton Text
Im Forum konnen Sie sich mit Anderen austauschen.

Wenn Sie mehr tber das Projekt und das Team erfahren wollen,
besuchen Sie die Seite Uber Uns.

Impressum Sitemap Nutzungsbedingungen
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Figure2. Screenshot of avideo subpage from the coronary heart disease module. On the left sideis the vertical menu with the tag cloud beneath. Below
the video player are buttons for evaluation and short information text about the patient’s health condition.

lebensstil-
A A A+

Start

Krankheitsbild
Koronare Herzerkrankung
Den ,inneren Schweinehund”® Gberwinden

Emahrung umstellen & Gewicht
reduzieren

Abnehmen

Gesund essen

Herzgesund kochen
Mit dem Rauchen aufhdren

Mit der Erkrankung umgehen

Stress abbauen
00:00

Unterstiitzung erhalten

War der Beitrag hilfreich?

| 7

Forum

Schlagworte

Abwechslung Alkohol Alliag AnSpom
Auswirts essen Bekstung Berufsalltag
Bewusster Leben Cholesterin Disziplin
Entspannung Essensmenge fettarme
Zubereitung Fleisch Gehen Gelassenneit

Recruitment

We recruited patientsin 7 inpatient rehabilitation centers from
September 2012 to August 2013. Patients had to be diagnosed
with coronary heart disease (International Statistical
Classification of Diseases and Related Health Problems, ICD-10
120-25) or chronic back pain (ICD-10 M50-54), have sufficient
German language skills, and have no disabling cognitive deficits.

http://www.jmir.org/2014/7/e177/
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RenderX

Volltextsuche...

MNeuigkeiten Patienten berichten Forum Uber uns Kontakt

Veréndert hat Helmut Réder weniger die Lebensmittel, die erisst, als
vielmehr deren Zubereitung

01:20

' —

>

sblenden

Das Interview wurde am 24.02.2011 gefiihrt.

Helmut Réder ist 62 Jahre alt. Mit Mitte 40 hatte er einen
Herzinfarkt und in den darauffolgenden Jahren mehrere Stent-
Operationen. Er hat in Folge des Herzinfarktes seinen Beruf
aufgegeben, das Rauchen aufgehért, sich einen Hund
angeschafft und die Ernahrung umgestellt.

Alle Beitrage von Helmut Rader

Schlagworte: Auswiérts essen, fettarme Zubereitung, Ole & Fette

All patients meeting the inclusion criteria were enrolled and
sequentially assigned to the control group and intervention
group, respectively (see Figure 3). Sequentia allocation was
chosen to avoid contamination between groups. The study
protocol was approved by the Ethics Committee of the Faculty
of Medicine, Leipzig University (reference number:
301-10-04102010).
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Figure 3. Flowchart of study participants.

Schweier et al

Screening in 7 rehabilitation centers

Inclusion criteria:

1CD-10 120-25 or M50-54
Sufficient German language skills
No disabling cognitive deficits

Sequential allocation:
First 50 patients/rehabilitation center to control group,
next 50 patients/rehabilitation center to intervention group

Questionnaire t1

.,_____/-'-'--

Control group
n=356

Treatment as usual

Intervention group
n=343

1-hour-presentation on
the website during rehabilitation

Email reminder for those providing
an email address 4 weeks later

12 weeks later:
Questionnaire 2

Lost to follow-up: n=118 (16.9%)

Excluded from analysis:
n=7 (not matching inclusion criteria)
n=3 (>30% missing values)

Intention-to-treat analysis: Control group
n=313

Intention-to-treat analysis: Intervention group
n=258

As-treated analysis: Nonusers

n=430

As-treated analysis: Users

n=141

Intervention

Patients in the intervention group were invited to join a
presentation about the website. During the 1-hour presentation,
the project team introduced the aims and scopes of the project
and provided information on how to find suitable content on
the website. They also discussed how to register and post on
the forum, and addressed issues of data protection, including

http://www.jmir.org/2014/7/e177/

anonymity. To give the participants an idea of the website
content, 1 to 3 patient narrative videos were shown. To further
reduce barriers to using the website, the intervention group
received a detailed printed manual and was encouraged to
contact the project team in case of problems or questions. Those
participants who provided an email address received an email
reminder with the link to the website 4 weeks after the
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presentation. Patients in the control group received no
intervention.

M easures

Both the intervention and control groups completed a
guestionnaire at some point during participation in a
rehabilitation program. Questions addressed sociodemographic
characteristics (eg, age, sex, education, and income), diagnosis,
body mass index (BMI), and baseline behavior for physical
activity and eating routine. The latter 2 were measured on a
numerical scale of 0to 10 asking about the frequency of exercise
and the attention paid to a healthy diet. The follow-up
guestionnaire also included 2 questions about exercise frequency
and attention paid to healthy diet. Additionally, patients were
asked to rate, on a 5-point Likert scale ranging from dlightly
deteriorated (-1) to improved substantialy (3), their
improvements in physical activity (frequency, regularity,
integration in daily routine) and eating behavior (eating more
healthy foods, avoiding unhealthy foods, eating smaller portions,
using less fat for cooking). Lastly, usage of and satisfaction
with the website were assessed.

Statistical Analysis

Statistical analysiswas conducted using SPSS Statisticsversion
21 (IBM Corp, Armonk, NY, USA). Uncertainties during data
entry (eg, the participants’ handwriting was difficult to decipher
or more than 1 box marked as an answer) were discussed by
the team and resolved by consensus. Seven participants were
excluded for not matching the 1CD-10 diagnoses 120-25 or
M50-54 and al 118 dropout cases and 3 other cases were
excluded for having more than 30% missing data. Missing data
in the remaining sample were estimated using multiple
imputations under a fully conditional specification and 10
iterations. Because 41.3% (236/571) cases had missing values
in any of the variables to be imputed, we imputed 60 datasets
[29]. For evaluation, we compared groups by using independent
t tests and chi-square tests and calculated Cohen’s d, P values,
and 95% confidence interval s for the mean difference between
groups (4). For regression analyses, regression weights (B) plus
their 95% confidence intervals and beta values (standardized
regression weights) are reported.

For estimating improvementsin exercise frequency and attention
paid to a healthy diet, we calculated mean differences (A)
between the 2 measure points and compared these mean
differencesin independent t tests. Results are reported both for
an intention-to-treat analysis (intervention group vs control
group) as well as for an as-treated analysis (website users vs
website nonusers). For the regression analyses on the various
outcomes in the intention-to-treat analysis, we included
intervention group, indication of coronary heart disease, male
sex, age per decade, more than 10 years of education, income
per €200, BMI, and baseline behavior (exercise frequency for
physical activity items and attention toward a healthy diet for
eating behavior items). For the regression analyses on the
various outcomes in the as-treated analysis, we replaced the
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intervention group variable with frequent website usage (at |east
3 times) and occasiona website usage (once or twice).

Results

Dropout Analysis

A total of 699 participants filled out the first questionnaire
during rehabilitation. During follow-up, 118 patients (16.8%)
dropped out. Dropout was higher among patientswith coronary

heart disease (21.5% vs 14.1%, x?,=6.3, P=.01) and in the

intervention group (23.2% vs 11.1%, )(21:18.1, P<.001). On
average, those who dropped out were 1.9 years younger
(tegs=2.11, P=.04) and had a €189 lower income (t53=2.74,
P=.006).

Website Usage

Intotal, 24 of 313 control group participants (7.7%) and 164 of
258 intervention group participants (63.6%) claimed to know
the website. Nevertheless, approximately one-quarter of these
patients (46/188, 24.5%) never visited the website. Overall, 119
of 258 in the intervention group (46.1%) and 22 of 313 in the
control group (7.0%) visited the website; 1 participant (0.7%)
stated he used the website 3 to 4 times a week, 6 participants
(4.3%) stated they used it once or twice a week, 60 (42.6%)
used it once or twice a month, and 74 (52.5%) accessed the
website at least once.

Intention-to-Treat Analysis

Participants had a mean age of 53.2 years (SD 8.6), 51.1%
(292/571) were women, and 62.5% (357/571) had been
diagnosed with chronic back pain (Table 1). Intervention group
participants had higher levels of education than control group
participants. Income was distributed equally in both samples,
but it was dightly lower than the average German net equivalent
income of €1835 per month in 2012 [30]. Participants had a

preobese BMI of 28.1 kg/m? (SD 5.2), much higher than the
German average (25.7 kg/m? in 2009 [31]).

There were no significant differences in outcome variables
between the groups (see Table 2). The intervention group
showed a tendency to improve the regularity of their physical
activity more than the control group but this did not meet
statistical significance in t tests. In the regression analysis,
belonging to theintervention group emerged as an independent
predictor for more recognizable improvements in regularity of
physical activity, including younger age, higher income, lower
baseline exercise frequency, and prevalence of coronary heart
disease compared to chronic back pain (see Table 3). In addition
to this, we found atrend in t tests in favor of the intervention
group for using less fat for cooking. In the regression analysis,
belonging to the intervention group aso emerged as an
independent predictor, accompanied by independent effects of
preval ence of coronary heart disease compared to chronic back
pain, lower education, and higher BMI.
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Table 1. Baseline characteristics—intention-to-treat analysis.

Variable Control group Intervention group Total t 569 X2 1 P
(n=313) (n=258) (n=571)

Age (years), mean (SD) 52.7 (8.1) 53.8(9.2) 53.2 (8.6) -152 13
Sex, n (%)

Female 170 (54.3) 122 (47.3) 292 (51.1)

Male 143 (45.7) 136 (52.7) 279 (48.9) 02 .69
Indication, n (%)

Coronary heart disease 115 (36.7) 99 (38.4) 214 (37.5)

Chronic back pain 198 (63.3) 159 (61.6) 357 (62.5) 28 .10
Education, n (%)

<10 years of school 236 (75.5) 172 (66.8) 408 (71.5)

>10 years of school 77 (24.5) 86 (33.2) 163 (28.5) 49 .03
Net equivaent income per month (€), mean (SD) 1679 (621) 1713 (633) 1695 (627) -0.62 .56
BMI (kg/m?), mean (SD) 28.3(5.3) 27.9(5.2) 28.1(5.2) 0.82 41
Exercise frequency (scale 0-10), mean (SD) 3.89 (2.88) 4.27 (2.81) 4.06 (2.85) -1.61 A1
Attention paid to ahealthy diet (scale0-10),  5.61(2.37) 5.59 (2.60) 5.60 (2.47) 0.10 92
mean (SD)

Table 2. Independent t tests—intention-to-treat analysis.

Dependent variable Control Intervention ~ Mean difference tggg 95% Cl Cohen'sd
group group
(n=313) (n=258)

Physical activity

Frequency of doing exercise, A (t2-t1) 0.77 0.51 -0.26 317 -0.79,0.27 -0.08
Improvements in physical activity frequency, mean 1.26 133 0.07 0.92 -0.09,0.23 0.08
Improvements in physical activity regularity, mean 1.19 1.33 0.14 0.98 -0.03,0.30 0.14
Improvementsin physical activity in daily routine, mean 1.23 131 0.08 097 -0.08,0.24 0.08

Eating behavior

Attention paid to a healthy diet, A (t2—1) 1.10 1.20 0.11 234 -0.29,051 0.04
Improvements in eating more healthy foods, mean 131 1.32 0.01 0.88 -0.14,0.17 0.01
Improvements in eating less unhealthy foods, mean 1.32 1.39 0.08 0.95 -0.09,0.24 0.08
Improvements in eating smaller portions, mean 1.08 1.10 0.03 0.89 -0.13,0.18 0.03
Improvementsin using less fat for cooking, mean 117 1.30 0.13 0.88 -0.03,0.30 0.14
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Table3. Multivariate linear regression—intention-to-treat analysis. Each line starting with adependent variable containsinformation from oneregression

analysis (N=571) and provides model fit (Rz), results for the variable group (regardless of significance), and those variables which were demonstrated
to be significant independent predictors in the model.

R
Dependent variable 2 Group Further independent predictors
B (95% CI) B Variable B (95% CI) B
Physical activity
Frequency of doing exercise, A 42 0.01(-0.40,0.42) .001 Indication 0.63(0.12, 1.13) .10
(t2-t1)
Age —0.40 (-0.65, -0.14) =11
Basdlinebehavior —0.70 (-0.78, —0.63) —-.63
Improvementsin physical activity .06 0.10 (-0.06, 0.26) .05
frequency
Age -0.18 (-0.28, -0.09) -17
Income 0.04 (0.01, 0.07) A3
Baselinebehavior —0.03 (-0.06, 0.00) -09
Improvements in physical activity .06 0.18(0.02,0.34) .09 Indication 0.21(0.01, 0.42) A1
regularity
Age —-0.18 (-0.28, -0.08) -16
Baselinebehavior —0.03 (-0.06, 0.00) -10
Improvementsin physical activity in .06  0.11 (-0.05, 0.27) .08 Age -0.13 (-0.23,-0.03) =12
daily routine
Education —0.28 (-0.46, -0.09) -13
Eating behavior
Attention paid to a healthy diet, A 44 0.12(-0.19,0.42) .02 Basdlinebehavior —0.63 (-0.70, -0.57) —-.65
(t2—t1)
Improvementsin eating morehealthy .08 0.03 (-0.12, 0.18} .02 BMI 0.04 (0.02, 0.05) .20
foods
Improvementsin eating less un- .09 0.08(-0.08, 0.23) .04 Indication 0.29 (0.09, 0.48) 15
healthy foods
BMI 0.03 (0.02, 0.05) .18
Improvementsin eating smaller por- .09  0.05 (-0.10, 0.20) .03 BMI 0.05 (0.04, 0.07) .29
tions
Improvementsin using less fat for .07 0.16(0.01, 0.31) .09 Indication 0.20(0.01, 0.39) 0.11
cooking
Education -0.22 (-0.40, -0.05) =11
BMI 0.03(0.02, 0.04) 19

As-Treated Analysis

Users had higher levels of education than nonusers. We did not
find any significant differences in baseline variables between

nonusers and users in the as-treated analysis (see Table 4).
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Table 4. Baseline characteristics—as-treated analysis.

Variable Nonusers Users t 569 X2 1 P
(n=430) (n=141)

Age (years), mean (SD) 53.5(8.6) 52.2 (8.4) -1.56 12
Sex, n (%)

Female 217 (50.5) 75(53.2)

Male 213 (49.5) 66 (46.8) 0.3 57
Indication, n (%)

Coronary heart disease 165 (38.4) 49 (34.8)

Chronic back pain 265 (61.6) 92 (65.2) 0.6 A4
Education, n (%)

<10 years of school 317 (73.7) 92 (65.2)

>10 years of school 113 (26.3) 49 (34.8) 39 .049
Net equivalent income per month (€), mean (SD) 1667 (626) 1780 (622) -1.81 .07
BMI (kg/m?), mean (SD) 27.9(5.1) 28.8 (5.5) 1.72 .09
Frequency of doing exercise, (scale 0-10), mean (SD) 4.09 (2.89) 3.98 (2.74) -0.38 71
Attention paid to a healthy diet (scale 0-10), mean (SD)  5.59 (2.45) 5.62 (2.54) 0.14 .89

Website use was associated with larger increases in physical  Website use was not associated with higher mean differences
activity: users were more successful in integrating physical in the attention paid to a healthy diet, but it was with more
activity into their daily routine and in improving their physical  success in dietary behaviors (ie, using less fat for cooking)
activity regularity. We did not find a significantly higher mean  (Table 5).

differencein the frequency of doing exercise between baseline

and follow-up 12 weeks later.

Table5. Independent t tests—as-treated analysis.

Dependent variable Nonusers  Users Mean difference tggg  95% Cl Cohen’'sd
(n=430) (n=141)

Physical activity

Frequency of doing exercise, A (t2-t1) 0.60 0.81 0.21 0.67 -0.40,0.82 0.07
Improvements in physical activity frequency, mean 1.26 1.40 0.14 156 -0.04,0.32 0.15
Improvementsin physical activity regularity, mean 120 142 0.22 233 0.04,041 0.23
Improvements in physical activity in daily routine, mean 121 143 0.21 224  0.03,0.40 0.22

Eating behavior

Attention paid to a healthy diet, A (t2-t1) 1.09 1.32 0.23 099 -023,069 0.10
Improvements in eating more healthy foods, mean 1.28 1.43 0.15 1.64 -0.03,0.33 0.16
Improvements in eating less unhealthy foods, mean 131 147 0.16 165 -0.03,0.34 0.16
Improvements in eating smaller portions, mean 1.04 1.22 0.17 191 -0.05, 0.35 0.19
Improvementsin using less fat for cooking, mean 1.18 1.38 0.20 217 0.02,0.38 0.21

Inthemultivariate regression analyses (Table 6), wefound small  eating behavior—frequent website use was an independent
independent effects of frequent website use on improvements  predictor for increased attention paid to ahealthy diet, improved
in physical activity regularity and improvementsin integration  use of healthy and avoidance of unhealthy foods, improvements
of physical activity into daily routine. We also found small in eating smaller portions, and reduced use of fat for cooking.
effects of frequent website use on all 5 variables measuring
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Table 6. Multivariate linear regression—as-treated analysis. Each line starting with a dependent variable contains information from one regression

analysis (N=571) and provides model fit (RZ) , results for the variables occasional website usage and frequent website usage (regardless of significance),
and those variables which were demonstrated to be significant independent predictorsin the model.

R
Dependent variable 2 Occasiona website usage Frequent website usage Further independent predictors
B (95% CI) B B (95% CI) B Variable B (95% ClI) B
Physical activity
Frequency of doing exercise, .42 -0.13(-0.74,0.49) -01 0.28(-0.36,0.92) .03 Indication 0.63(0.13,1.14) .10
A (t2-11)
Age —-0.41 (-0.66, =11
-0.15)
Baselinebe-  -0.70 (-0.77, —-.63
havior -0.62)
Improvementsinphysical ac- .06 -0.005(-0.23,0.22) —002 0.21(-0.03,045) .07 Age -0.18(0.28,0.09) -.17
tivity frequency
Income 0.04 (0.01, 0.07) A3
Improvementsinphysical ac- .06 0.12 (-0.12, 0.36) .04 0.27 (0.02, 0.51) .09 Indication 0.21 (0.01, 0.41) A1
tivity regularity
Age -0.18 (-0.28, -16
—-0.08)
Baselinebe-  —0.03(-0.06,0.00) —09
havior
Improvementsin physical ac- .07 0.06 (-0.17, 0.30) .02 0.39 (0.14, 0.63) A3 Age -0.13 (-0.23, =12
tivity in daily routine -0.03)
Education -0.27 (-0.46, -13
-0.09)
Eating behavior
Attentionpaid, ahealthy diet, .43 -0.14(-0.59,0.31) -02 073(0.26,1.21) .10 Baselinebe- -0.64(-0.71, —.66
A (t2-t1) havior —0.58)
Improvementsin eatingmore .09 -0.06(-0.28,0.17) —-02 0.36(0.12,059) .12 BMI 0.03(0.02,0.05) .19
healthy foods
Baselinebe-  -0.04(-0.07,0.00) —10
havior
Improvementsin eatingless .10 0.04 (-0.20, 0.27) .01 0.32(0.08,0.56) .11  Indication 0.29 (0.10, 0.48) A5
unhealthy foods
BMI 0.03(0.02,0.05) .17
Improvementsin eating .10 0.03(-0.20, 0.25) .01 0.28 (0.05, 0.51) 10  BMI 0.05 (0.03, 0.06) .28
smaller portions
Improvementsinusingless .08 0.02 (-0.21, 0.25) .01 0.40 (0.17, 0.64) .14 Indication 0.20 (0.01, 0.39) A1
fat for cooking
Education -0.21 (-0.39, -10
-0.03)
BMI 0.03(0.02,0.05) .18

Discussion

Principal Results

Theaim of this study wasto examinethe effects of a\Web-based
intervention featuring patient narratives about successful
lifestyle changes on physical activity and eating behavior for
chronically ill coronary heart disease and back pain patients.
We conducted a sequential controlled trial in which the
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intervention group participated in a presentation about the
website during rehabilitation.

Intheintention-to-treat analysis, there were no significant effects
of the intervention in the bivariate analyses and only small
interventional effects on physical activity regularity and on
using lessfat for cooking in the multivariate analyses. However,
all but 1 (frequency of doing exercise) of the measured outcome
variables showed positive tendencies in the expected direction.
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Comparing website usersto nonusersin the as-treated analysis,
we found an association between website usage and
improvements in most physical activity and dietary behavior
outcome variables. Multivariate regression analyses revealed
that this association persists only in conjunction with frequent
website usage (defined as having visited the website at least 3
times) not with occasional website usage.

Implications and Future Research

A larger samplesize, associated with asufficiently large power,
may have ensured the detection of even small intervention
effects. In any case, effect sizes were consistently small and
demand a closer look at possible reasons. First, the small
intervention effects in the intention-to-treat analysis can be
explained in part by the low usage of the website because less
than half of the intervention group visited the website. The
problem of low usage rates is well known and an often cited
problem in trials on Web-based interventions [32-35]. Some
personal factors, such as young age, male gender, low income,
and low levels of education, are associated with lower rates of
preventive service utilization in genera [36], further increasing
the socially determined health-related disadvantages. In our
study, only alower educational level was related to lower rates
of website usage. Thus, other groups who are often difficult to
reach seem to benefit from the website.

In addition to the low utilization rates, the intervention dose
was probably too low to result in behavioral modifications for
most participants. Theresults of the as-treated analysisindicate
that more than occasional website usage is hecessary to reach
dose-response efficacy. This finding is consistent with results
from other studies [37-39] that also found a positive relation
between the number of log-ins and outcomes. In these studies,
the necessary number of log-ins also was not reached among
all users.

Finally, although the integration of peer experiencesis seen as
promising in health education and disease management and
meets the interest of patients with a chronic condition, the
additional inclusion of further behavior modification strategies
(eg, individual tailoring or providing feedback) may be required
in a peer-modeling approach to show satisfactorily large effects
on lifestyle behavior [40].

Future studies should concentrate on strategies to improve
adherence to Web-based interventions and especially to induce

Schweier et al

more frequent usage of these programs. Individually tailored
interventions may be a promising approach because these
interventions, besides being more efficacious, have also been
shown to stimulate more frequent use of Web-based
interventions and to increase adherence [21,41].

Limitations

Wewere ableto assess behavioral change through self-reported
nonvalidated measures only, which are subject to responsebias.
One important aim of rehabilitation programs is to increase
awareness for unhealthy lifestyle behavior. Thus, recruiting the
participants at this point of time might have led to an
overestimation of the 2 baseline variables, which then would
have a flattening effect on the mean difference between t2 and
t1. Due to time restrictions in the research project, we could
only observe the effects of the intervention 3 months after
participation in the rehabilitation program. Thelong-term effects
of the intervention remain unclear. Furthermore, we did not
control for Internet literacy or Internet usage patterns, which
might explain differences in website usage rates and website
efficacy.

The as-treated analysisimplicates positive results, but does not
allow for acausal interpretation because nonmeasured variables
associated with more frequent use of the website could account
for the improved health behavior or successful patients might
tend to more actively seek support and information and use a
website such as the lebensstil-aendern website.

For the multivariate regression analyses, model fit was very
low. This could either be due to variables accounting for
behavioral change but not being included in the model or,
considering that all outcome variables were single item
variables, unreliable measurements contributing to the large
error variances.

Conclusions

To our knowledge, our study isthefirst trial to test the efficacy
of Web-based patient narratives on behavioral outcomes in
coronary heart disease and chronic back pain patients. In our
study, patientsthat use the website more frequently report more
favorable health-related behavior and more marked
improvements in physical activity and diet. Even if more
motivated patients seek support and information more actively,
for this patient group in particular, a website such as the
|ebensstil-aendern website appears to be a helpful tool.
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Abstract

The creation, deployment, and evaluation of Web-based and mobile-based applications for health, mental health, and wellness
within research settings has tended to be siloed, with each research group developing their own systems and features. This has
led to technological features and products that are not sharable across research teams, thereby limiting collaboration, reducing
the speed of dissemination, and raising the bar for entry into this area of research. This paper provides an overview of Purple, an
extensible, modul ar, and repurposabl e system created for the devel opment of Web-based and mobile-based applicationsfor health
behavior change. Purple contains features required to construct applications and to manage and evaluate research trials using
these applications. Core functionality of Purple includes elements that support user management, content authorship, content
delivery, and datamanagement. We discussthe history and devel opment of the Purple system guided by the rationale of producing
a system that allows greater collaboration and understanding across research teams interested in investigating similar questions
and using similar methods. Purple provides a useful tool to meet the needs of stakeholders involved in the creation, provision,
and usage of eHealth and mHealth applications. Housed in a non-profit, academic institution, Purple a so offers the potential to
facilitate the diffusion of knowledge across the research community and improve our capacity to deliver useful and usable
applications that support the behavior change of end users.

(J Med I nternet Res 2014;16(7):€181) doi:10.2196/jmir.3376

KEYWORDS

software tools; software engineering; open source; evaluation methodology; Internet intervention; mobile intervention; mobile
health

expand the portfolio of tools available and to enhance thereach,
impact, and speedy implementation of current research and

Health care stakehol ders areincreasingly turning to information practice[3,4]. Whilethe literature on the clinical application of
and communication technologies to support the development  BITS has been growing at an enormous rate, much of the
and deployment of interventions aimed at supporting behavior ~ discussion on development methods has been confined to the
change related to health, mental health, and wellness. These €ngdineering and computer science communities through
interventions, which we refer to as “behavioral intervention conference proceedings of ~meetings such as CHI
technologies’ (BITs) [1,2], make use of Internet-connected ~(COmputer-Human  Interaction), UbiComp  (Ubiquitous
devices, such as desktop computers, mobile devices, and/or COMPUting), Pervasive Health, and MobiSys (Mobile Systems).
sensorsto provide low-cost, scalable, and effective methodsto BT development involves considerable challenges [2], not the

least of which stems from the necessary collaboration between
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the clinical researchers, who most often develop the idea for
theintervention, and technol ogists who subsequently create the
BIT. Despite the growing number of research teams and
resultant BITs, most efforts in this space lack a generalizable
technological approach to their development, often producing
divergent platforms and software to meet similar needs, solve
similar problems, and create BITswith similar sets of features.
This paper, intended for a broad readership, describes Purple,
amodular system that supportsthe devel opment and deployment
of BITs.

Purpleis an iteratively constructed system that has evolved to
address the needs of stakeholders who create, deploy, and use
BITs, including researchers, technologists, clinicians, and
patients. We begin with an overview of Purple’s underlying
rational e and history. Because the needs of stakeholders guided
the development of Purple’s capabilities, we present a brief
description of BIT stakeholders as they relate to Purple. We
then provide a brief review of Purple'scurrent technical features.
To give the reader a more concrete understanding of these
features, we present two case studies of BITs developed using
Purple. The diversity of these case studiesin clinical approach
and technological componentry illustrates the flexibility of
Purple. Yet the use of generalizable components illustrates the
usefulness of taking a modular approach with an eye towards
repurposing components. This paper aims to aid stakeholders
interested in this space by outlining the necessary components
of a BIT development system and presenting the features of
Purple that seek to address each of these needs.

Purple

Overview

The field of digital health generally, and BIT research
specifically, is an emerging area of transdisciplinary research
that requires specific expertise from multiple disciplines aswell
as the development of shared conceptual frameworks that
transcend the perspectives of any one field [5]. Purple aimsto
addressthese needs by providing aframework that supportsthe
development of BITsin amanner that is, as much as possible,
extensible, modular, and repurposable for a community of
researchers. This framework alows individual stakeholdersto
make use of the contributions and development provided by
others and contribute based on their specific expertise.

http://www.jmir.org/2014/7/e181/
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Many BITs, even when targeting very different behaviors and
clinical outcomes, require similar features. These features
include methods of enrolling users, user authentication, and
content delivery, and the ability to receive, store, and manipulate
user information and feed it back to users and investigators on
avariety of devices (eg, mobile phones, computers, and tabl ets).
Currently, individual research labsthat develop Bl Ts as one-off
projects often recreate these features repeatedly. Although some
labs have the capacity to build modular systems and repurpose
code for subsequent projects, this is the exception rather than
therulewith regardsto development related to clinical research.
Thus, one goal of Purple was to build a system that leverages
resources across multiple researchers, labs, and institutions.
Indeed, other resources exist that target some of the same goals
of Purple, including Open mHealth [6], LifeGuide [7], and the
Behavior Wizard [7]. These include acting as a repository of
developed code for mHealth projects[6], providing conceptual
guidance[8], and reducing the need for programming knowledge
via open-source software that alows the creation and
modification of BITsusing authoring toolsand logic commands
[7]. Purple arose concurrently with these resources. However,
as none provided a sufficient solution for the problems
encountered by clinical researchers (eg, eliminating the need
for aprogrammer) or sufficiently covered the user management,
recruitment, and data acquisition needsfor our various projects,
we developed Purple to facilitate the development of our own
projects as well as external ones.

We first created generalizable features that addressed the
required elements for any BIT (eg, user management,
recruitment, and data acquisition) and the capabilitiesto support
the devel opment of new features, which over time can beformed
into generalizable features, and then be made available to
researchers. Developing each of these features could take
anywhere between afew daysto afew weeks of developer time
depending on whether a similar feature (ie, with existing
available code) developed for another need (eg, a news site or
blog editor) could be sufficiently modified or if the required
feature needs to be constructed from scratch. Through sharing
and iteration of features and the knowledge associated with
developing, deploying, and evaluating them, Purple provides
avenues for the dissemination of technical and design
information outside of traditional academic papers and
conferences. Table 1 displays a list of currently available
technological features.
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Table 1. Technical features of Purple.

Schueller et &

Features

Creators End users  Essential Optional

User management
User authentication
Study 1Ds, passwords
Password generation
User definition
Personal health information management
Study management
Study/intervention assignment, randomization
Content author ship/management
Didactic content
Content editor
Generic form builder
Content type (eg, text, images, video, audio)
Progression (eg, sequential, non-sequential)
Assessments
Self-report types (checkbox, slider, text, etc)
Phone sensor acquisition
External data APl access
Intra-assessment logic (sequential, adaptive, etc)
Scoring (summing, complex algorithms)

BIT construction

X X X X

Progression rule definition (eg, chronological, task-based, time-based, custom) X X X

Custom interaction tool authorship
Content delivery

Platform (phone, tablet, Web, etc)

Connectivity (online, offline, both)

Interfaces (touch, mouse, keyboard, etc)
Data management

Access

Visualization (charting, custom, InfoVis)

X X

The use of Purple involves processes that have been and
continue to be developed to facilitate collaboration between
clinical investigators and technol ogists acrossthelife of aproject
[5,9,10]. Because BIT development commonly uses iterative
development processes, new features are developed with the
maximum degree of flexibility possible to allow investigators
to adapt the characteristics of those features over the
development process. The need for the Purple architecture was
born out of our experience. Like many investigators, we began
work using a commercia developer who built a website that
met our specificationsfor an Internet intervention for depression
[11]. Through evaluation, we encountered many flaws in our
design and conceptualization, we devel oped new ideasregarding
methods of engaging users, and we found colleagues who
wanted to build on our work. Unfortunately, the one-off

http://www.jmir.org/2014/7/e181/

RenderX

construction we used limited our ability to adapt, improve, and
share our work. Our next project, an intervention for cancer
survivorscalled Onward [12], employed adevel opment strategy
that prioritized modularity and flexibility. The features
developed within Onward became the beginning of the feature
set available in Purple. Features from Onward are now used to
further development on Onward-like interventions and have
been adapted for severa Web-based and tablet interventions
targeting a variety of clinical problems, such as PC CHIP, a
tabl et-based intervention described below. Similarly, our work
in mobile interventions began with the retooling of Mobilyze,
an intervention for depression built for Nokia's Symbian
operating system [13] for the Android platform. Thiswas done
concurrently with work on FOCUS, a smartphone intervention
for schizophrenia [14]. The work completed on these two
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projects created an infrastructure of mobile features for Purple
that isnow being used by multiple projects. Initial effortsinthe
creation of Web and mobile features developed within the
modular Purple framework were given a significant boost in
2011, with the establishment of the Center for Behavioral
Intervention Technologies (CBITs), with support from the
National Institute of Mental Health and additional funding from
Northwestern University.

With the establishment of CBITs, we began to expand our
services, and by extension the community of researchers
contributing to and deriving benefit from Purple, to investigators
outside of Northwestern University. As of this writing, CBITs
supports morethan 50 projectsin the United States, Africa, and
South America, funded by more than 20 National Institutes of
Health (NIH) grants, 2 grants from the Canadian government,
and numerous other government agencies, foundations, and
universities. The expansion of research teams using and
contributing to Purple helps achieve its overarching vision to
become ahub for the community of BIT researchersthat allows
for the transfer of development methods via recycling of code
across research labs, allowing the researchersto rapidly benefit
from the knowledge gained by the larger community of
researchers, as well as the larger group of stakeholders.

Another aspirational vision for Purple is to develop databases
that will allow the community of researchersto answer questions
that no individual lab can address in isolation. For example,
lab-based research allowsinvestigators to examine how specific
features or characteristics are related to adherence and outcomes
within their own intervention. These data can be examined
across research using meta-analytic techniques (eg, [15]);
however, as meta-analyses combine only aggregated data, they
have limited power to detect effects and can only address
guestions at a gross level, using the kinds of information that
are collected routinely across research times and reported in
publications. In cases where individual subject data are
available, the data can be pooled to conduct meta-analyses on
the origina data, aso known as megaanaysis [16].
Mega-analyses are preferable to meta-analyseswhen only afew
relevant studies exist or subgroup analyses are desired. Both of
these are often true in the domain of BITs. The speed of
technol ogical innovation means researchers must base decisions
on conclusions drawn from few, and often outdated, studies.
Furthermore, researchers are often interested in how the user
groupsthey aretargeting (eg, clinical needs, population, setting)
might use and benefit from particular BITs or BIT elements.
The most powerful mega-analyses would come from studies
that share a common framework that guides methodological
decisions (eg, delivery of treatment components, outcomes
assessed). Within the Purple system, use and outcome data are
consistently defined and application features and characteristics
are consistently identified. While users of Purpleare not required
to share data, if they choose to do so, the data are added to a
de-identified database. This database provides the opportunity
to evaluate the relationship between specific design elements,
as well as use and clinical outcomes. As this database grows,
it will provide a resource to enhance the evidence base that
could inform how best to design BITs for general clinical
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purposes, and for specific populations and settings. Asit stands,
several collaborators have stored their data on our servers;
however, the proper ontologies still need to be created to make
use of this data. As such, data have yet to be combined and
analyzed cross-projects, and this remains an aspiration rather
than an application.

Purple devel opers have made an intentional decisionto maintain
this system in anon-profit university setting. The primary goal
is to support research rather than to develop a product. As
research requires testing intervention principles, Purple is
optimized for the extreme data needs of researchers, including
the collection of detailed data to permit fine-grained analyses
of use patterns of study participants. Furthermore, research
focuses on the creation and dissemination of knowledge. As
developed components are available to be independently
disseminated, they are opensourced to the community at large.
For example, “Purple Robot”, a real-time mobile phone sensor
dataacquisition platform that can collect all available datafrom
Android phones, is currently available for download on the
GooglePlay store with source code available at GitHub [17].

Stakeholders I nvolved in Behavioral | ntervention
Technologies

The creation of a development framework must consider the
needs of al stakeholders, who can be involved in the design,
development, funding, deployment and use of BITs. We present
in Figure 1 the highest level of classes—creators, end users,
and purveyors—as overlapping categories, with more specific
stakehol ders selected who may play multiple roles within the
process of developing and deploying BITs, represented within
these categories [18]. The creator class encompasses all
stakehol ders who construct, shape, improve, and disseminate a
behavioral intervention technology and can be grouped into
subclasses such as clinical researchers, technologists, and
funders. End users make use of the content and resources
provided by BIT creators. They arethe oneswho actually engage
with the intervention in order to facilitate the behavior changes
desired by the creators. End users may include patientsor public
consumers, clinica providers who interface with the
applications, or peers who are networked through the
application. End users also author the data necessary to evaluate
the efficacy of the BIT at reaching its stated goal . Thisincludes
both use datathat correspond to an end user’s engagement with
the BIT and clinical datathat correspond to the specific clinical
and behavior change targets. Purveyors are those responsible
for the dissemination the intervention and may include app
stores or care providing organizations, aswell as policy makers.
Many stakeholders may have rolesin several classes, whichis
why the highest categories are presented as overlapping within
Figure 1. For example, clinical care organizations are commonly
purveyors but may also be involved in the creation and the use
of interventions.

Although features of Purple have been devel oped with most of
these stakeholdersin mind, for the purposes of the current paper
wefocus most directly on creators, who use Purpleto instantiate
their intentions and aimsinto code and produce aBI T, and end
users whose behavior the BIT isintended to support or change.
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Figure 1. Stakeholdersinvolved in BITs.
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Technical Features

Overview

Over time, Purple has expanded to include arange of technical
features. Table 1 displays many of these features and groups
them into four categories representing core functionality: user
management, content authorship, content delivery, and data
management. The table includes an indication of the class of
stakeholders each feature is aimed at and whether that feature
isessentia or optional to the functioning of aBIT inthe Purple
System. “Essential” features are those that are necessary to
deploy and evaluate aBIT in aresearch context and thus appear
in every BIT developed using Purple (eg, user management,
recruitment/enrollment). These features have been devel oped
to be generalizable across projects because of their recurring
need in each. Optional features are unique to a given project
and created in response to specifications of the producers for
that BIT. These features are typicaly developed as
non-generalizable features that over time might be able to be
modified for use across projects. Last, Purple contains many
generalizable but optional features. Generalizable but optional
features are created when the demand across projects is such
that it makes sense to create a generalizable solution like a
dashboard to alow aclinician or coach to view dataand manage
BIT users (eg, [19]) or through the development of an initially
non-generalizable feature into a generalizable one. This table
provides a menu of options of the current capacities of Purple,
but new capacities are frequently developed in response to new
problem spaces or through new collaborations. We discuss each
of these feature groups in more detail below.
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Policy Makers

Purveyors

App Stores

User Management

User management isan important element for any BIT to ensure
that dataare structured and interpretable to allow for evaluation.
As such, the BIT system must track who enters the system,
when, and be able to provide access to the correct information
and content for each individual user and stakeholder. This is
also crucial for practice to ensure privacy and security concerns,
promote trust in the BIT [20,21], and support user experience
by ensuring that it works properly when content is tailored or
personalized.

To support privacy and security, an essential feature within
Purpleisto allow usersto create unique identifiers, passwords,
and to assign these users to a specific study. In Purple, these
processes make up user authentication features. Another aspect
of user management is defining variables related to that user
and specifying how these variables correspond to other features
within the intervention. For example, Purple user management
includes the ahility to define which stakeholders are permitted
access to demographic or personal health information (PHI).
Some instances of PHI stored within Purple should not be
viewable by most personnel and stakeholders. For instance,
email addresses or phone numbers of end users may be required
for Purpleto deliver automated email or text messages; howeve,
most people engaging with or receiving data from Purple do
not require access to such information and therefore should not
see it. User authentication also involves validating the user’s
credential against different features of theinterventionincluding
the date the intervention started, condition membership (eg,
experimental vs control condition), and other user specific
permissions. Thisallowsthe intervention provided to each user
to differ according to conditions preset by the creators.
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Content Authorship

Content authorship tools enable creators with limited
technological sophistication to participate more directly and
easily in the development process. This is useful for creating
BITs, as experts in behavior change often do not have the
capability to program BITs on their own and need to team with
technologists who do. We use the term content broadly to refer
to anything that is provided to a user (eg, text, video, or audio)
for didactic purposes; for example, text “lessons’ that are
commonly used in BITs such as Internet sites or mobile
applications [13,22], assessments, notifications (email, secure
messaging, in-phone natifications), or feedback. Although many
behavioral scientists might see these as functionally different,
we discuss them together because, from the vantage of the
Purple system, they use similar or identical technical features.
For example, the primary difference between apiece of didactic
content and an assessment within Purple is that the didactic
content only displays text, images, video and/or audio, while
assessment combines this with another element that allows the
user to input information.

Purple contains several content authorship tools to meet the
needs of the creator. These can be generally classified as tools
to create didactic content, assessments, and BIT construction.
Asmuch as possible, thesetools are designed so that individuals
without programming knowledge can create basic didactic
content, natifications, or modify elements of interactive tools
to meet the more specific requirements of the application. The
content editor allowsthe creator to enter text and upload images,
video, and audio, which will then be displayed back to the end
user. The editor is useful at creating BITs that draw on specific
types of scripted interactions (eg, a user progressing through a
series of dlides). As a mgjority of BITs use similar types of
interactions, content authorship tools provide auseful low-effort
way to script and pilot content and intervention ideas before
progressing to more advanced programming required in more
complicated and BIT-specific interaction flows. We use
examples below to demonstrate how content authorship tools
are used in two different BITs, but across projects these tools
are ones that empower clinical researchersto create and iterate
aspects of the intervention.

Assessment refers to the acquisition and scoring of data. The
content editor also allows the creator to input the content of
questions for self-report data and to determine the presentation
of those questions, such as the number of questions on a page
and the type of response required, such as a check box, slider,
or free text. A variety of intra-assessment logic types are
available, including simple logic such as sequential or random
presentation of assessment items, adaptive presentation making
use of Boolean logic such asif-then or more complex logic, or
item-response theory. Purple also has the capacity to pipe
responses from one question into the text of another question.

Purple allows for the collection of awide variety of additional
data important for use and usability evaluation, as well as
ubiquitous computing. Within Purple, detail log and use data
are collected from sensors and applications running on awebsite
or mobile device, as well as data from other sources via
application programming interfaces (APIs). Purple Robot [17]
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is amobile application within the stack of Purple applications
that supports the acquisition of a full range of mobile phone
sensors (eg, global positioning system [GPS], Wi-Fi,
accelerometers, Bluetooth, altimeters, light sensors), device
information (eg, battery, running software, and apps), and
options to scan for visible external devices (eg, Bluetooth
devices or wireless access points). Purple Robot aso provides
aJavaScript API that has been used to link external devices (eg,
Fitbit, Jawbone, wireless pillboxes) and allows for additional
sensors to be added in the future. In order to facilitate the
transfer of data into meaningful information, Purple offers a
variety of scoring options. Theserange from simple summation
to more complex algorithms and machine learning functions.

These fundamental tools for the creation of didactic content,
assessment, and logic can be combined to create interactive
tools. Interactive tools developed so far using Purple include
goal-setting tools, activity scheduling and monitoring tools
(using calendars), and toolsthat promote thought restructuring.
These elements can al so be modified and combined in new ways
to create custom interaction tools. For example, altering a tool
from tracking food to tracking activity can alter an intervention
from targeting diet for weight loss to behavioral activation for
depression. A generic form builder within Purple creates many
of these tools. The generic form builder allows a creator to
provide free text boxes or other modes of data entry and then
to provide this information back to user at specified times. The
generic form builder is also able to repurpose code for different
modes of entry (such as on a calendar or on a feed) that have
been developed for various projects within Purple.

Progression rulesrefer to therulesthat define how auser moves
through an intervention. While some BITs allow access to all
elements of an intervention from the first login, others contain
rulesthat sequence the presentation of treatment elements. While
complex progression rules can require programming effort, the
editor also contains features that alow creators to set basic
progression rules. For example, the creator may specify that
lesson, tooal, or notification should be available to the end user
after performing specific tasks, reaching or not reaching a
treatment goal, or simply the passage of a specific amount of
time. Creators can also define within each lesson when specific
pages should be avail ableto end users. Thisincludes sequential
logic definitions (eg, page 2 displays after page 1) or
non-sequential logic (page 3 displays only after a certain
condition is met, such as number of views or score on an
assessment). These tools can also be applied to tailoring
interventions to user characteristics.

Content Delivery

In the context of BITs, treatment elements can be delivered in
multiple modalities to multiple users (eg, patients/consumers,
coaches, clinicians) and according to previously specified
progression rules (as discussed above). Some intervention
delivery methods have been requested and used in so many of
the BITs designed within Purple that features have been
developed specifically for those purposes. These include
calendar displays and graphing tools. Other content varies
significantly from BIT to BIT but requires the researcher to
make specific decisions to shape the end user’s experience.
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Content delivery essentially enablestheintervention to be played
to the end user on their device or computer based on rules
defined in the content authorship and management elementsin
Purple. Content delivery in the Purple system uses
HTML5-based hybrid applications. Hybrid applications allow
for the production of acurrent generation, Web-based experience
for end userswithout writing specific Android or iOS code. For
user-facing portions, these applications can be deployed to
Android, i0S, or Windows mobile devices. This alows for
deployment on multiple platforms. Designing for multiple
platforms (or optimizing for a specific platform) involves severa
decisions that require an understanding of the desired user
interaction. Some of our applications are completely on the
client side (eg, they make use of the browser side and do not
require an active I nternet connection), whereas others are server
side, thus requiring an active connection. In order to reuse the
code developed for online applications, we use Adobe
PhoneGap/Apache Cordova software to package the application
so they work offline, allowing creators to deliver interventions
that do not necessarily require connectivity. Theuseof HTML-5
hybrid devel opment al so supports the more rapid production of
prototypes, facilitates testing directly on desktop or laptop
computers, and uses a more generally available programming
skillset.

In addition, by using HTML5-based hybrid applications, the
user interface can be adapted to the delivery platform. For
example, a traditional check box is easy to select with
mouse-driven interfaces. The same box would be encased in a
button for touch screen devicesto simplify user selection. Thus,
multiple versions of tools are created, alowing the user
experienceto betailored for mobile phones, tablets, and desktop
computers. Important human-computer interaction issues here
might include making specific interface-related decisions, for
example, using a library to make Web applications more
responsive on the phone or determining what the concept of a
“hover” action might be when it does not exist on a tablet but
does on adesktop computer. Purple offers asystem where many
of these design possibilities are mapped out, alowing the
designer to make decisions based on the intervention concept
and needs of the target popul ation.

Data Management

Dataare used for avariety of purposes, including the evaluation
of the BIT, aswell asto manage and define the user experience.
In general, two types of outcomes are of interest to researchers
evaluating BITs: clinical outcomes and use (or adherence)
outcomes. Clinical outcomes represent the treatment target,
such as weight, smoking cessation, or depression. These
outcomes typically use participant self-reports, or observer
reports (eg, clinicians) collected via assessments conducted
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within the system but may also use project specific APIs or
sensors. Use data can be measured in avariety of waysincluding
thefrequency that a participant haslogged in or launched aBIT,
the features of the BIT used, and the length of time interacting
with the BIT. While Purple has the capacity to collect fine
grained data of every interaction, it is usualy preferable to
pre-specify the use data desired in advance because collection
of al available data leads to significant demands on the server
and provides so much data that it is difficult to sort through,
understand, analyze, and draw conclusions. Data can be made
available to researchers in raw data dumps in commonly used
formats such as Excel, or through direct access to databases to
facilitate real-time data analysis.

End users, and sometimes researchers, often require data to be
visualized to facilitate understanding. A variety of charting
libraries are available that can be used to create traditional bar,
line, and pie charts. Purple also allows for the development of
custom authored visualizations that allow creators to develop
creative methods of displaying data for specific use cases.
InfoVis combines charting or custom visualizationswith didactic
content to create visual representations that can be effectively
deployed to enhance understanding.

Purple contains sets of functionality that map onto common use
cases. Novel configurationswill require programmer effort until
these become sufficiently standardized to allow the creation of
modular elements. Within and between the BIT elements, there
is a “handshake” between features that requires technological
developer support. As much as possible, the editor alows
non-programmer creatorsto devel op and import content, manage
assessments, define progression rules, and access data,
maximizing control and management of the devel opment process
in the hands of clinical researchers. In almost al cases, we use
structured query language (SQL )—backed data storage, which
most modern developers can use to interface with the data
directly. Some projects using Purple house data on our servers,
whereas other collaborators store data on their own server.

Case Studies

Overview

The modular structure of the Purple system allows common
technical featureswithin Purpleto beintegrated to create unique
BITs. We present here two examples of BITs developed using
the Purple system, which have different clinical aims, target
populations, and use different devices, to illustrate how similar
Purplefeatures can be used to create very different interventions.
Table 2 displays brief descriptions of manifestations of the
technical features in Purple across these two interventions. A
more detailed description of each intervention follows.
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Features

Mobilyze

PC CHIP

User management
User authentication
Study 1Ds, passwords
Password generation
User definition
Personal health information management
Study management
Study/intervention assignment, random-
ization
Content author ship/management
Didactic content
Content editor

Generic form builder

Content type (eg, text, images, video,
audio)

Progression (eg, sequential, non-sequen-
tial)

Assessments

Self-report types (checkbox, slider, text,
etc)

Phone sensor acquisition
External data APl access

Intra-assessment logic (sequential,
adaptive, etc)

Scoring (summing, complex agorithms)

BIT construction

Progression rule definition (eg, chrono-
logical, task-based, time-based, custom)

Custom interaction tool authorship

Content delivery
Platform (phone, tablet, Web, etc)
Connectivity (online, offline, both)
Interfaces (touch, mouse, keyboard, etc)
Data management

Access

Visualization (charting, custom, InfoVis)

Performed by creator at randomization

None

Email (within Purple Robot)

Content released daily

Used to enter and schedul e rel ease of text lessons

Calendar tool, active coping tool, coping card

Text

Sequential; new lessons available daily

All form types

Various through Purple Robot
None

Basic (lists of questions) and advanced (scoring
controls progression)

Scoring occurs based on machinelearning rules

Time-based

Form-based tools can be authored using “tool
builder”

Smartphone
Both

Touch

Access to datais provided about sensors using
aserver side database, user tool data are stored
separate from sensor data

Graphs, list reviews, bubble visualizations

Performed by creator at start of project

Single password set for all users

Age, gender, email (for contact)

Content unlocked weekly, questions released 1
hour after scheduled session, user specific permis-
sions and group memberships

Used to enter text, video, and audio

External tools used through assessment center
API

Text, video, audio

Sequential; new content unlocks weekly

Radio buttons only

None
WebEX (video conferencing)
Computerized adaptive testing

Scoring uses Item-Response Theory (IRT) algo-

rithmsfrom Petient-Reported-Outcomes M easure-
ment Information System (PROMIS)

Time-based, linked to video conferencing session

Not applicable

Tablet
Both

Touch

User tool usage data are accessible on the server,
survey data available independently through
PROMIS

None
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Mobilyze: A Smartphone-Based | ntervention for
I ndividuals With Depression

Mobilyze is an Android smartphone intervention based on the
principles of behavior activation, which aims to reduce
depressive symptoms by increasing the user’s engagement in
activities that are pleasurable or provide a sense of
accomplishment. The ultimate goal of the Mobilyze project is
to develop a context-sensing system that harnesses data from
sensors embedded within the smartphoneto identify user states
that may be relevant to treatment, such as location, activity,
socia context, and mood. As such, Mobilyze consists of three
major components: (1) a patient-facing application that includes
lessons and application specific tools, (2) a smartphone
application that collects sensor data, monitors authored models,
and provides phone interactions that support context-sensing
functions, and (3) a server side framework to collect
unstructured and structured user data. A pilot version of
Mobilyze was eval uated with 8 end userswith major depressive
disorder and provided promising support for this intervention
model and the development of the context-sensing system[13].
Our current work on this project involves retooling the
intervention for modern platforms (ie, Android, iOS) and
improving functionality related to context-sensing capabilities.
This updated version of Mobilyze is a 12-week intervention
consisting of content and tools consistent with principles of
behavioral activation for depression[23]. Mobilyzetoolsinclude
daily lessons, activity tracker, mood check-in, active coping
tool, coping cards, and progress graphs.

When Mobilyzeisinstalled on a user's smartphone device, the
end user does not have to enter any passwords or login
credentials to open the application. The application does,
however, need to be able to identify the user such that data
entered will be linked to that user. Thisis accomplished using
the email address associated with the phone collected by the
Purple Robot application. A user can aso go into Purple Robot
and create a unique identifier that is different from their email
address. For each user, creators are able to specify the date the
intervention started for the user and release content daily
corresponding to the number of daysthe user has been enrolled
in the study.

Mobilyze consists of approximately 60 brief lessons, deployed
every 1-2 days, that take no more than 5 minutesto read. These
lessons were entered using the content editor authoring tool.
Each day, lesson content is displayed as text via a widget set
up on the home screen of the mobile device, and some lesson
content links directly to other tools contained within the
Mobilyze program. Lessons follow sequential release rules set
within the editor. Each lesson is released on a specific day and
then available to end users to view again throughout
participation in the 12-week program. Other tools within
Mobilyze make use of generalizable features developed for
across-project use created using a generic form builder. These
features include a calendaring tool (the Activity Tracker) and
generic form-building tools (Active Coping and Coping Card
supporting positive activities and management of stressful
events). The activity tracker supports activity scheduling and
monitoring that is part of behavioral activation, by allowing end
users to report the date and time for the event and to rate how
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much pleasure and accomplishment they experienced during
that event. Each element of this mode of entry corresponds to
things present in other aspects of the Purple system (eg, pleasure
and accomplishment are rated using slide bars that could be
changed viathe content authoring tool; date and time are entered
using a date/time entry tool). The generic form builder allows
for creation of structured interactions with the program. For
exampl e the coping card consists of someinstructional content
(entered via the content authorship tool), a text entry box, and
assigning adate and time when that coping card will be sent to
the end user as a notification.

Assessments within Mobilyze include both user-entered data
and sensor data collected passively by Purple Robot. For
user-entered data, a single question mood check-in requires
usersto report their mood using a 10-point slider bar that ranges
from “bad” to “good”. All aspects of this check-in could be
easily altered using the content authoring tools ranging from
the question prompt, scale anchors, or type of entry mode (eg,
dider, checkboxes, radio button, free text entry). Delivery of
the check-in is controlled via the content authoring tool. In
different phases of the deployment, it has been provided using
time-based or context-based rules. The context sensing portion
of this project aimsto use sensor data collected from the phone
to identify treatment-relevant user states. Raw data from the
phone’s sensors (eg, GPS, call logs, accelerometer, application
usage, screen state) are automatically collected with no effort
required by the user. This context sensing requires the ability
to download raw data from phone sensors as well as other
external sources such as weather data, the ability to generate
models that can use data to predict user states, and to upload
those model sto the phone where they can be used to detect user
states in real time. These features were developed into an
application, called Purple Robot [17]. Purple Robot provides a
JavaScript API that collects the sensor data available via
Android smartphone devices (eg, GPS, accelerometer, visible
Wi-Fi/Bluetooth). The sensor data are linked with labeled data
drawn from the user-entered responses to the mood promptsfor
user information about their mood to train models.

On the server side, the Purple system collects content authored
by the end user within the application as data (eg, mood scores
from the check-in, events, and associated ratings from the
activity tracker) and detailed data related to each user’'s
interactions with the application. Data acquired through the
sensors and use data are stored in separate databases as an
additional precaution of data security and confidentiality. Use
dataincludeswhen, what, and how a user clicks on each button
within the Mobilyze application. For example, Purple tracks
when usersclick on alesson to openit, when they click on each
button to progress to the next page within the lesson, and when
they click on atool or home screen button at the end of the
lesson to move to another section of the Maobilyze program.
From this, the creator knows when and how long a user is
reading each lesson or interacting with each tool. This
information isfed back to members of the study team. Coaches
have aninterface that provides use and clinical datathat support
brief calls focused on maintaining motivation and discussing
aspects of theindividual end user’s use of the application based
on dataentered into the program. Values entered viathe various
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tools are fed back to the user as graphs displaying things such
as mood over time or average pleasure and accomplishment in
activities over time.

For Mobilyze, the existence of Purple Robot and the content
management system allowed some development of features
without additional programming but with additional content
generation by the clinical team (eg, writing lessons, writing
question prompts, providing feedback on visual interface). Other
aspects, for example, the homepage of the application, thetiming
of assessment prompts, mapping serversto facilitate datatransfer
and storage, require programming. As such, Purple speeds the
development of Mobilyze and provides a framework so that
similar Mobilyze-like interventions can be more easly
developed in the future.

PC CHIP: A Tablet-Based | ntervention for Prostate
Cancer Survivors

PC CHIP is a tablet-based intervention that aims to improve
health-related quality of life and treatment-related symptom
burden in men diagnosed with advanced or metastatic prostate
cancer. Theintervention consists of cognitive-behavioral stress
management techniques that incorporate interactive didactics,
role-plays, and content and emotional processing exercises. The
intervention components also include relaxation training
exercises, stress awareness, coping and communication skills
provision, and socia support with an emphasis on
treatment-rel ated side effects and interpersonal disruption [24].
PC CHIPiscurrently being evaluated in arandomized clinical
trial comparing the tablet-based stress management intervention
to a health promotion attention matched control condition.
Throughout the 10-week intervention period, users receive
weekly content through a mix of live video sessions led by a
group facilitator, text slides, and audio recordings in a group
format with 4-6 participants. | n the health promotion condition,
participants receive only didactics on health promotion topics
such asthe benefits of nutrition, physical activity, and treatment
compliance, and other salient topics that offer information to
the participants but do not involve any stress management or
cognitive and emotional processing.

As users are enrolled, they are assigned to groups. Study I1Ds
and passwords are generated by the creator at the start of the
each of the group’s enrollment. Group passwords and logins
are used rather than individual passwords and logins because
content is consistent across end users in each group. Thus, an
end user’s study | D and passwords serveto identify their group.
Content is released weekly and also related to group-specific
permissions. Questions related to the video sessions, for
example, arereleased 1 hour after the scheduled session for that
group.

PC CHIP makes use of several content authorship and
management features within Purple. Purple's content editor
(displayed in Figure 2) allows entry of video content and
PowerPoint didesthat are then synched to each other (see Figure
3). In this way, users are able to receive content in multiple
modalities at the same time. The editor is also used to upload
audio files that contain the relaxation exercises and other
didactics summarizing key aspects of the materials presented
inthelive video conferencing sessions. Progression ruleswithin
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PC CHIPinclude both sequential and non-sequential processes.
Throughout the 10-week trial, new content is available for
review each week. A daily counter associates the entire
intervention to a countdown clock based on a weekly video
conferencing session delivered to the end users. As aresult of
this clock, weekly assessments and lesson content are made
available directly following aweekly session.

Assessments are seamlessly provided using an external service
that uses the Patient Reported Outcomes Measurement
Information System (PROMIS) instruments and the Assessment
Center toolkit [25]. The PROMIS Assessment Center toolkit is
afree onlinedatacollection tool that allows researchersto creste
study-specific websites to make use of various features of the
PROM I Sinstrumentsincluding customization of items, real-time
scoring of computer adaptive tests. PROMIS instruments
undergo updates and minor modifications from the PROMIS
research team thus allowing researchers who use the toolkit
accessto the most up-to-date measures without the need to make
updates themselves. Thus, connecting PC CHIP to this toolkit
through Purple provides a considerable benefit with initial
integration as the only programming consideration. In the PC
CHIP tria, all participants are asked to log in and complete
PROMIS-based computerized adaptive testing for symptoms
of fatigue, pain, depression, anxiety, and physical functioning.
Purple technology also provides system-generated alerts to
participants with reminders to complete the PROMIS
instruments. Additional APl access is used to link with the
WebEX video conferencing platform. WebEX isaCisco product
that supports the various needs of the PC CHIP project (ie, a
single group facilitator with multiple participants). At the end
of the 10 weeks, the users receive an automatically generated
post-assessment eval uation that tapsinto the participants overall
comfort in the sessions and perceived efficacy and understanding
of the session materials. These assessments consist of radio
buttons created using the Purple content authoring system.

For the PC CHIP project, Purple collects data related to use of
the various features (eg, accessing WebEX, viewing
presentations, accessing assessments) and the results of the
post-assessment evaluation. These data are accessible on the
server and provided to the creators for review of how the
application is functioning, which aspects might be more
beneficial, and users' perceptions of the intervention. Outcome
data are available independently through the PROMIS
Assessment Center toolkit [25]. As such, no visualizations of
outcome data are provided to the end users.

In the case of PC CHIP, a majority of the intervention is
configured in the content authorship and management tool. With
the exception of a relaxation tool that is provided only to the
control group, a researcher can swap all content out with no
programming knowledge. Visual elements on the home screen
of the application draw content from an access and HTML
database and would require knowledge of these resources and
a few hours of work to change the workflow. Thus, an
intervention with the exact same patient workflow could be
created with no additional programming but an intervention
with similar needs (eg, providing videos and PowerPoints to
patients and collecting assessment data) could be constructed
with afew hours of programming time.
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Figure 2. Purple “editor” content authorship and management tool.
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The Future of Purple

Strengthsand Limitations

We have presented the Purple framework and the conceptual
issues related to its design and implementation as an example
for the field of amodular and extensible system. The future of
Purple will involve both the expansion of new features, greater
trandlation of currently non-generalizable into generalizable
features, and expansion of the research teams using and
contributing to the Purple system. Although we have provided
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examples of BITswithin Purpleto show how devel oped features
combineinto asingle intervention, we want to caution creators
against conceptualizing and devel oping their interventions only
at the feature-level.

One major challenge facing any development framework isto
remain flexible and agile in face of the rapidly shifting
technological environment. Currently, over 11,000 distinct
devices exist that use the Android operating platform [26] and
23 that runiOS[27]. Furthermore, although these are currently
the dominant platforms, emerging devices (eg, smartwatches,
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Google Glass) might significantly shift the development
environment. Software updates occur even more rapidly and
changethe requirements and capabilities of applicationsrunning
on new versions of operating systems.

Fortunately, Purpleisdesigned to beflexiblein the face of these
changes. However, its ability to adapt is tied to the different
contextsthat participating projects provide. Whileinvestigators
in the community can benefit from the investmentsin software
and knowledge provided from those who have used Purple
before them, they also contribute to the system astheir projects
provide new challenges, problems, and opportunities. As
solutions for these problems are developed within Purple, they
inturn can be passed on to the community of researchers, either
through the Purple system, or when components can exist
independent of the system, such as Purple Robot [17], through
opensourcing to the community. Asit currently stands, Purple
offers a collection of features and tools (user management,
content authorship, data management, and phone sensor
acquisition) that do not have to be recreated by outside
technologists if they want to create projects with similar aims.
Thefuture of Purplerestsonitsability to guide, both conceptual
and practically, the development of the next generation of BITS.

Schueller et &

Conclusions

The Purple system is an extensible, modular development
architecture designed to support the creation of Web-based and
mobile applications aimed at supporting behavior change. We
have described the Purple system, focusing on the rationale
guiding its development and the features availablein its current
state. We have demonstrated its use through a discussion of two
ongoing projectsinvestigating Bl Tsfor diverse treatment targets
and populations. Last, we have presented guiding principlesfor
the field to advance the way creators think about BITs and
encourage further collaboration with the Purple framework.

While BITs hold great promise, actualizing this potential
requires the capacity to transform behavior change principles
into deployable interventions. Purple, now being used by more
than 50 projects, facilitates thistrandation and does soin away
that allowsfor the repurposing of features and easier sharing of
knowledge gained from evaluations. Purple is also a research
platform that, through sharing of resources, increases capacity
aswell asthe generalizability of knowledge.
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Abstract

Background: The promotion of evidence-based cessation services through socia media sites may increase their utilization by
smokers. Data on social media adoption and use within tobacco control programs (TCPs) have not been reported.

Objective: Thisstudy examines TCP use of and activity levelson social media, the reach of TCP sites, and the level of engagement
with the content on sites.

Methods: A cross-sectional descriptive study of state TCP social media sites and their content was conducted.

Results: 1n 2013, 60% (30/50) of TCPswere using socia media. Approximately one-quarter (26%, 13/50) of all TCPs used 3
or more social media sites, 24% (12/50) used 2, and 10% (5/50) used 1 site. Overall, 60% (30/50) had a Facebook page, 36%
(18/50) had a Twitter page, and 40% (20/50) had a YouTube channel. The reach of social media was different across each site
and varied widely by state. Among TCPs with a Facebook page, 73% (22/30) had less than 100 likes per 100,000 adults in the
state, and 13% (4/30) had more than 400 likes per 100,000 adults. Among TCPs with a Twitter page, 61% (11/18) had less than
10followers per 100,000 adults, and just 1 state had more than 100 followers per 100,000 adults. Seven states (23%, 7/30) updated
their social media sites daily. The most frequent social media activities focused on the dissemination of information rather than
interaction with site users. Social media resources from a national cessation media campaign were promoted infrequently.

Conclusions: The current reach of state TCP social media sitesis low and most TCPs are not promoting existing cessation

servicesor capitalizing on socid media sinteractive potential. TCPs should create an online environment that i ncreases participation
and 2-way communication with smokers to promote free cessation services.

(J Med Internet Res 2014;16(7):€169)  doi:10.2196/jmir.3430

KEYWORDS
socia media; tobacco; smoking; public health; mass media

: tobacco control programs (TCPs) currently offer free
Introduction evidence-based smoking cessation services through telephone
Approximately 18% of US adults are cigarette smokers [1].  Auitlines, and half also offer Web-based interventions. However,
Evidence from the National Health Interview Survey indicates the paid promotion of cesg_non SEIVICES IS Imr_uted becausg of
that, in 2010, 52% of adult smokers in the United States tried 1O levels of state TCP funding [3]. Recent national promotion
to quit in the past year, but only 6% succeeded [2]. The low of_c.essatlon serv[ceshasspor.adlcdily increased cessgtlon service
success rate for smokers’ quit attempts may be due, in part, to utilization for brief time periods since 2012 [4]. Given that the

the low proportion (31%) of smokerswho used evidence-based ~ declinein the prevalence of smoking hasslowed inrecent years
interventions as part of their quit attempt [2]. All US state  [°], sustained and innovative approaches are needed to increase
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the promotion, utilization, and reach of these interventions to
maximize their effectiveness [6-8].

The promotion of evidence-based cessation services through
social media sites may be a low-cost strategy to increase their
utilization by smokers. Almost 3 in 4 US adults aged 18 years
or older use at least 1 social mediasite[9]. Recent dataindicate
that 71% of online adults use Facebook and 63% of Facebook
usersvisit thesitedaily [9]. In 2013, 18% of online adults used
Twitter and 8% used Twitter daily [9]. Facebook iswidely used
by online adults across all age groups (84% of adults aged 18
to 29, 79% of adults aged 30 to 49, 60% of adults aged 50 to
64, and 45% of adults aged 65 or older), whereas online adults
using Twitter tend to skew to a younger demographic (31% of
adults aged 18 to 29, 19% of adults aged 30 to 49, 9% of adults
aged 50 to 64, and 5% of adults aged 65 or older) [9].
Photo-sharing sites are also increasing in popularity; for
example, 21% of US adults currently use Pinterest and 17% use
Instagram [9]. In addition to linking smokers to existing
cessation services, socia media sites provide a venue for
relevant, credible tobacco cessation messagesto reach smokers
and their socid circles. Studies show that people are using social
mediato seek health information, sharetheir health experiences,
and provide and receive psychological support [10-12]. Social
media sites also expand socia networks, which may influence
behavioral and emotional change [13-15]. Media messages
promoting free smoking cessation interventions may be shared
among smokers, their families, and their friends, motivating
quit attempts.

In keeping with the growth of social media activities in the
United States, many states currently use social media sites to
disseminate health information [16,17]. The most recent
descriptive study found that 82% (41/50) of al state public
health departments use Twitter and 56% (28/50) use Facebook
[18]. A second study of state health departments found that the
reach of health department sites relative to the states
populations was low and, in most cases, the sites failed to take
advantage of the fundamental advantage of this medium:
engaging users in interactive communication [19]. Harris and
colleagues [20] found that state health departments with social
mediasiteswerelocated in more popul ated states and had higher
per capita health department expenditures compared to those
without social media sites.

Recently, state TCPs gained new accessto free cessation-rel ated
content and promotions of cessation services specifically
designed to be shared through social media sites. In 2013, the
Centers for Disease Control and Prevention (CDC) aired the
second wave of the first federally funded tobacco education
campaign, Tips From Former Smokers (Tips), which encourages
quitting through advertisementsthat show personal testimonials
from ex-smokers battling life-altering smoking-rel ated il Inesses.
The campaign included a large socia media presence; CDC
shared Tips-related materials and socia media links publicly
on its website and encouraged the public and practitioners to
share its socia media content with their networks. CDC's
Facebook and Twitter accounts posted frequently during the
campaign, sharing updates and campaign-related information,
videos, and images.
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This study provides a descriptive overview of state TCP social
mediasites and the extent to which they are used to disseminate
cessation messages and promote quitting services. The purpose
of this study is to document the use of state TCP social media
sites during 2013, including Facebook, Twitter, YouTube, and
others. The extent to which TCPsactively usetheir social media
sites, the reach of TCP sites, and audience interaction and
engagement with TCP social media sites are examined. This
study also explores the content of messages posted on social
media by TCPs, particularly state TCPs' use of existing social
media material from the national Tips campaign during the
monthsit aired in 2013.

Methods

Sample and Data Collection

To identify state TCPs engaged with social media sites, we
conducted an online Google search of each state’'s name and
the keywords “tobacco program” or “quitline” We then
reviewed the websites for hyperlinks or information on related
social media sites, including Facebook, Twitter, YouTube,
Pinterest, Instagram, Google+, blogs, and virtual communities.
Virtual communities are social networks of individuals who
interact online; TCP-sponsored communities that encourage
smokersto support one another during quit attemptsareincluded
in this study. If no links existed, the quitline service name (eg,
Quit Now Kentucky) was used in a secondary Google search
to identify socid media sites. We aso included any
tobacco-related social media sites sponsored by a state health
department but not obviously affiliated with the TCP or quitline
name (eg, Make Smoking History, KanQuit!). The search
identified 30 states with Facebook sites (ie, pages), 18 states
with Twitter sites (ie, accountsidentified by nameor “handl€”),
and 20 YouTube sites (ie, channels) as of December 31, 2013
(Multimedia Appendix 1). Two states had more than 1 socid
media site on the same platform (eg, 2 Facebook pages), in
which case the site focused on tobacco cessation was selected
for analysis. Publicly available activity data and metrics on all
social media sites were collected using Snagit screen capture
software (TechSmith Corporation, Okemose, MI, USA). In
addition, the social media monitoring tool radian6 (Salesforce
Marketing Cloud, New York, NY, USA) was used to capture
posted content by users on Twitter.

Content Coding

The content of state TCP posts to social media sites was
collected and analyzed for the subset of monthsin 2013 during
which the national Tips smoking cessation campaign aired
(March to June 2013). Using an inductive approach, coders
observed a subset of messages to develop the coding scheme
[21]. Sites with no TCP activity during this time frame were
excluded from the content analysis, for atotal of 25 Facebook
pages, 16 Twitter accounts, and 16 YouTube channels available
for coding. Three researchers independently coded 1123
Facebook posts, 1776 Twitter tweets, and 591 YouTube videos
(eg, number of likes, shares, comments, message content).
Content coding of the most popular social mediasites confirmed
their primary communication focus: 70.5% (1252/1776) of the
content on Twitter and 67.3% (756/1123) of the content on
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Facebook was about tobacco cessation (and other topicsincluded
secondhand smoke and tobacco control policies). Interrater
reliability among coders on 5% of data was 95.7% or higher
for all coding categories (kappa=.72).

M easures

Overview

Measurement techniques used to guide social media analysis
and management that have been pioneered in the for-profit
sector [22] may be applied to the study of state TCP social media
sites. Key aspects of social media evaluation include exposure
(reach or the number of people reached with a message),
engagement (number of people who take action in response to
a message), and influence (whether engagement is positive,
neutral, or negative in sentiment) [23,24]. This study assessed
2 of these 3 eval uation components. exposureto and engagement
with state TCP socia media sites. Study measures described
herein include the presence of social media sites, TCP site
activity, audience reach, audience engagement, and social media
site promotional activities.

Tobacco Control Program Presence on Social Media

We noted whether TCPs had a presence on social media sites
(eg, Facebook, Twitter, YouTube) as of December 31, 2013,
and the date of site establishment.

Tobacco Control Program Social Media Activity

Site activity was defined as the volume of content posted by
the TCP on each social media site (ie, the number of posts,
tweets, videos) from January to December 2013.

Audience Reach

Audience reach on TCP social media sites was measured by
Facebook page likes, Twitter followers, and YouTube views
(which may represent more than 1 person, but no individual
metric is available) as of December 31, 2013. For example, on
Facebook, users may “like” a TCP page, enabling posts by the
TCP to be sent to users' newsfeeds where they are the most
likely to be seen. Reach metrics are presented as atotal number
and also asaproportion of the state adult population. State adult
population was cal culated using 2010 census adult (aged 18 or
older) population data and is reported as reach per 100,000
adults.

Audience Engagement

Audience interaction and exchange of messages were assessed
acrosssocial mediasitesfrom March to June 2013. Asindicators
of action on the part of the audience, they serve as a proxy for
engagement with the audience. User activity generates content
that may be viewed by other users, thus expanding the reach of
the site’'s messages. To measure audience engagement, dataon
the amount and relative proportion of the following variables
were collected: (1) individual post likes, comments, and shares
on Facebook; (2) retweets, defined as the number of times a
TCP post (ie, tweet) was shared by another Twitter user; and
(3) video likes, shares, and comments on YouTube [19,23].
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Promotion of State Cessation Services and the Tips
Campaign

Coders documented the presence of a link/URL to the states
cessation resources (ie, the state quitline phone number or
website) in each post on Facebook or Twitter from March to
June 2013. All posts during thistime frame were also coded for
the presence of CDC Tips campaign content. Thisincluded links
to Tips campaign materias (eg, television advertisements),
online campaign stories of the smokers in the Tips ads, and
shares of CDC's posts or tweets about Tips. YouTube videos
were not coded because they were primarily promoted or linked
to Facebook and/or Twitter, where the information was captured
and coded.

Photo and Video Content

Because research has shown that content with images and video
attracts more views [25,26], the presence of either photos or
videos for each Facebook or Twitter post from March to June
2013 was coded.

Analysis

We report the results of the collected metrics and content
analysis using simple descriptive statistics, including measures
of central tendency, frequencies, and countsin summary charts.
Because of the limited presence on many socia media sites
examined in the study, most measures are reported for the 3
most popular sites: Facebook, Twitter, and YouTube.

Results

Presence of Social Media Sites

Of all TCPs, 60% (30/50) used social mediain 2013. Nearly
one-quarter (26%, 13/50) of all TCPs used 3 or more social
media sites, 24% (12/50) used 2 sites, and 10% (5/50) used 1
site. The use of Facebook was most common, with 60% (30/50)
of state TCPs using the site. Twitter was used by 36% (18/50)
of state TCPs and 40% (20/50) had a YouTube channel. In
addition to Facebook, Twitter, and YouTube, few state TCPs
offered other social media sites. Three states used Pinterest
(Louisiana, Mississippi, and Oregon), 2 states had their own
blog (California and New Hampshire), and 1 state offered
Googlet+ (New York). In addition, 3 states provided a virtual
community site for smoking cessation (Arizona, Connecticut,
and New York). No states used Instagram in 2013.

Tobacco Control Program Site Activity

Activity was examined on the 3 most popular social mediasites:
Facebook, Twitter, and YouTube. Figures 1 and 2 show the
average monthly frequency with which TCPs posted content to
their Facebook site and disseminated content via Twitter from
January to December 2013.

Of the 30 states with Facebook pages, most (22/30, 73%) posted
content (ie, messages, photos, videos) an average of 6to 9times
per month. Two states, Florida and Illinois, posted content 10
times or more per month on average (Florida: mean 61, SD 12;
Illinois: mean 14, SD 9). The median number of yearly
Facebook posts was 89 (range 0-727). Among all TCP posts
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coded for content from March to June 2013, 39.70% (705/1776)
included photos and 7.66% (136/1776) included videos.

Fewer state TCPs used Twitter than Facebook. However, those
that used Twitter delivered more content through Twitter than
Facebook. On average, Florida posted content most often at 220
times per month and 6 other states posted at |east once per day.
The median number of yearly TCP tweets was 118 (range

Dukeet al

15-2618). Among al TCP tweets coded, 10.69% (120/1123)
included linksto photos and 6.06% (68/1123) included linksto
videos.

In 2013, the median number of videos posts to TCP YouTube
sites was 39 (range 3-276). Videos consisted primarily of
uploaded antitobacco television advertisements.

Figure 1. Average number of monthly Facebook posts by state tobacco control programs (n=30), January to December 2013. Gray lines denote standard

deviation of monthly posts.
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Figure2. Average number of monthly tweets by state tobacco control programs (n=17), January to December 2013. Gray lines denote standard deviation
of monthly tweets. Data for AZ are not included in the graph because there was no posted content to its Twitter site in 2013.
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The reach of social media sites varied widely by platform and
by state in 2013 (Table 1). Overall, the level of exposure to
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social media sites was low relative to states’ populations. The
median number of people who liked a TCP Facebook site was
893; however, therange was 72 to 226,722, suggesting dramatic
variation in reach. Among TCPs with a Facebook page, 73%
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(22/30) had less than 100 likes per 100,000 adults in the state,
and 13% (4/30) had more than 400 likes per 100,000 adults.
Overal, the median number of Twitter followers was lower
than Facebook likesat 122 (range 13-2690). Among TCPswith
a Twitter page, 61% (11/18) had less than 10 followers per
100,000 adults and only 1 state (Hawaii) had more than 100
followers per 100,000 adults. The median number of views of
TCP videos on YouTube was 5216 (range 34-1,308,248);
however, there was enormous variation across TCPs. For
example, the yearly video views of Florida's YouTube channel
alone accounted for 60% of all video viewsfor the 20 state TCP
YouTube sites.

Audience Engagement

There was considerable variation in the level of audience
engagement on TCP social mediasitesfrom March to June 2013
(Table 2). The 4 TCPs that generated the most audience
engagement through Facebook were California, with amedian
of 114 (range 5-1370) engagement activities per post (ie, through
post likes, comments, or shares), Florida (median 116, range
5-1277), South Dakota (median 53, range 10-461), and Alaska
(median 33, range 0-261). In addition to these 4 states, postsin
afew other states had high levels of audience interaction. For
example, 81% (25/31) of Minnesota’'s TCP Facebook posts
were commented on. Similarly, Kentucky, New York,
Oklahoma, and Utah had at least 1 like on 90% or more of their
posts. Across al states, the median of 27% (range 0-95) of
Facebook posts had at least 1 comment.

Compared with Facebook users, Twitter users were less likely
to share content with their social circle. On average, nearly 1
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in 10 TCP tweets (9.68%, 537/5547) were retweeted during the
study period. In 2013, Florida's Twitter content was shared with
others most frequently (40.56%, 1062 of 2618 TCP tweets
retweeted), followed by Oklahoma (23.1%, 119/515). Another
7 states had between 20 and 65 TCP tweets shared with others
in 2013 (Hawaii, Idaho, Illinois, Kentucky, Massachusetts, New
York, and Oregon), and the remaining 8 states on Twitter had
fewer than 10 TCP retweets (Figure 2). Across TCP YouTube
sites, less than one-third of all posted videos (30.5%, 180/591)
received at least 1 like. Also, 1 in 6 videos (15.6%, 92/591)
received 1 comment or more from viewers.

Promotion of State Cessation Services and the Tips
Campaign

During the airing of the Tips campaign from March to June
2013, 64% (16/25) of TCP Facebook sites had 5 or fewer posts
that promoted cessation services. Acrossall sites, approximately
15% (14.60%, 164/1123) of all TCP Facebook posts included
materials such as television advertisements or links to CDC's
Tipscampaign. Intota, 64.11% (720/1123) of al TCP Facebook
posts coded included no promotion of either telephone quitlines
or Web-based cessation services available to smokers.

Of the TCP Twitter sitesin use over the 4-month period of Tips,
56% (9/16) had 6 or fewer tweets that promoted cessation
services. In total, 17.85% (317/1776) of al Twitter content
included materials such astelevision advertisements or linksto
CDC's Tips campaign while it was on air. On average across
states, 75.00% (1332/1776) of al TCP Twitter content included
no promotion of either telephone quitlines or Web-based
cessation services available to smokers.
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Table 1. Date of site establishment and reach metrics for TCP social media sites (N=30).

Dukeet al

State Facebook Twitter YouTube
Pagestart date  Number of  Likes per Date of first  Followers Followersper Channel start  Total views Total
page likes 100,000 tweet 100,000 adults  date videos
adults
AL 8/20/09 411 11.2 4/23/10 77 21 — — —
AK 6/14/10 2257 422.4 — — — — — —
AZ 6/4/10%P 512 105 6/27/12 13 0.3 4/26/12 4170 58
AR 2/16/10 848 38.1 — — — 1/24/08 43,287 277
CA 12/1/09 59,309 208.7 3/8/13 18 0.1 12/9/09 470,835 28
CcO 6/21/11 787 20.2 6/11/12 96 25 4/11/13 616 14
CT 7/26/11 2328 83.8 — — — 7/26/11 34 6
FL 1/28/08 226,722 1505.1 3/29/10 2690 179 1/28/08 1,308,248 60
HI 12/30/10 4686 437.9 7/28/09 1688 157.7 7/6/09 6262 36
ID 5/14/09 1480 127.9 9/1/09 519 44.9 — — —
IL 10/29/13 1313 134 10/29/13 59 0.6 — — —
IN 12/9/09 1672 34.0 7/28/11 170 35 12/9/09 1215 4
KY 9/16/11 526 15.7 9/20/11 100 3.0 12/21/11 1199 3
LA 1/14/11 547 15.8 2/14/11 377 10.9 1/13/12 65 1
MA 4/8/09 937 18.1 1/26/11 620 120 3/5/09 14,525 62
MN 8/5/09 2421 59.5 — — — 11/1/09 44,993 41
MS 71711 130 58 7/8/11 80 3.6 5/12/11 686 23
NE 5/16/11 1086 78.5 — — — — — —
NV 10/26/10 83 4.0 — — — — — —
NH 5/23/11 408 39.3 — — — 7/26/10 1243 13
NY 7/15/09 805 53 11/25/09 143 0.9 6/18/10 20,863 17
ND 8/27/13 72 135 — — — 1/23/12 2118 3
OK 11/22/11 2658 93.1 11/12/12 329 115 11/21/13 146 1
OR 12/31/09 8416 279.8 1/4/10 1369 455 9/21/11 80,578 8
RI 12/12/122 88 10.6 — — — — — —
SD 1/10/11 9344 1504.8 — — — — — —
uT 3/23/11 740 38.2 — — — 5/31/11 34,557 81
VT 11/2/09 1417 283.2 — — — 12/28/12 140,324 19
wv 3/16/10 611 415 3/16/10 37 25 — — —
Wi 4/26/10 159 3.6 8/13/09 70 16 — — —
Median 6/14/10 893 38 9/9/10 122 3 5/21/11 5216 18
Min 1/28/08 72 4 7/28/09 13 0 1/24/08 34 1
Max 10/29/13 226,722 1505 10/29/13 2690 158 11/21/13 1,308,248 277

aNo start date recorded; date of first post.
b ast post August 23, 2012.
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Table 2. Audience engagement with TCP Facebook sites and content of posts, March to June 2013.

State? TCP  Audience interaction and engagement Promotional posts, n (%) Post features, n (%)
Eosts,

Audienceac- Posts, n (%) Tipscampaign  State cessation  Posts with Posts with

tivity® per services” video photo

post, median

(range)

With likes  With With com-
shares ments

AL 46 1(0-9) 15 (33) 11 (24) 5(11) 8(17) 10 (22) 4(9) 24 (52)
AK 58 33(0-261) 56 (97) 36 (62) 40 (69) 2(3) 32 (55) 0(0) 52 (90)
AR 12 2 (0-10) 7 (58) 2(17) 4(33) 2(17) 2(17) 0(0) 1(8)
CA 48 114(5-1370) 48(100)  45(94) 45 (94) 6(13) 10 (21) 3(6) 28 (58)
co 44 3(0-87) 31(71) 12 (27) 6 (14) 11 (25) 13(30) 5(11) 24 (55)
CT 48 3(0-40) 37(77) 11(23) 16 (33) 0(0) 12 0(0) 2(4)
FL 231  116(51277) 231(100) 229(99)  219(95) 8(4) 94 (41) 13(6) 134 (58)
HI 28 2(0-7) 20 (71) 1(4) 5(18) 1(4) 6(21) 0(0) 14 (50)
ID 44 1(0-14) 27 (61) 6 (14) 3(7) 0(0) 3(7) 2(5) 8(18)
IN 60 4(0-23) 48 (80) 48 (80) 16 (27) 16 (27) 38(63) 11 (18) 39 (65)
KY 38 7(0-27) 35(92) 11 (29) 8(21) 1(3) 0(0) 3(8) 16 (42)
LA 17 2 (0-15) 13 (77) 7(41) 3(18) 9(53) 5(29) 2(12) 7(41)
MA 35 4(0-12) 27 (77) 15 (43) 10 (29) 2(6) 2(6) 1(3) 25 (71)
MN 31 10(0-107)  30(97) 16 (52) 25 (81) 0(0) 17 (53) 6 (19) 3(10)
MS 41 1(0-5) 15 (37) 10 (24) 2(5) 30 (73) 2(5) 5(12) 28 (68)
NE 42 4(0-102)  35(83) 8(19) 16 (38) 2(5) 17 (41) 12 23 (55)
NY 38 5 (0-11) 36 (95) 14 (37) 9(24) 0(0) 19 (50) 1(3) 3(8)
oK 47 14(1-120)  47(100)  21(45) 29 (62) 5(11) 31 (66) 6 (13) 18 (38)
OR 50 6 (0-41) 40 (80) 17 (34) 24 (48) 8(16) 20 (40) 2(4) 17 (34)
RI 50 2(0-9) 30 (60) 14 (28) 3(6) 6(12) 13(26) 4(8) 8(16)
SD 31 53(10-461) 31(100)  28(90) 25 (81) 5(16) 18 (58) 2(7) 25 (81)
uT 54 12(4-215) 54(100)  51(94) 15 (28) 0(0) 43 (80) 44.(82) 1(2)
VT 16 1(0-14) 6(38) 7 (44) 2(13) 3(19) 3(19) 3(19) 4(25)
WV 7 2(0-17) 5(71) 3(43) 0(0) 1(14) 2(29) 1(14) 3(43)
wi 7 1(0-3) 4 (57) 2(29) 0(0) 2(29) 2(29) 3(43) 0(0)
Median 42 4(0-1370)  31(77) 12 (37) 9(27) 2(12) 10 (29) 3(8) 16 (42)

8 Five states (Arizona, |llinois, Nevada, New Hampshire, and North Dakota) with Facebook sites did not post content during the time period.

b Number of individual post likes, comments, or shares.

€ Post contains the state or national telephone quitline number and/or Web-based cessation services.

Discussion

Although 30 state TCPs adopted at |east 1 form of social media,
only 7 disseminated social media messages on adaily basisin
2013. Most content on TCP social mediasites did not promote
cessation services. Moreover, few state TCPs take advantage
of the social media features that generate the most audience
engagement—sharing photos and videos—or the opportunity
to link to related content, such as the CDC's Tips campaign.
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Perhaps as a result of these social media practices, most TCPs
do not generate a substantial amount of audience engagement,
limiting the value of potentially dynamic, interactive
communication resources in tobacco control.

Our results corroborate other research indicating that the
application of social mediato public health research and practice
has not taken advantage of its potential for multidirectional
communication [27,28]. Study findings suggest that most state
TCPs could benefit from strategic communication plans for
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social media to increase reach and encourage audience
interaction and engagement [16]. The Florida TCP, the most
prolific user of social media in 2013, presents an example of
how effective use of socia media can generate audience
engagement. During the study period, Florida's TCP promoted
an average of 11 daily posts to its sites, and followers of the
Florida TCP retweeted 41% of all content posted on Twitter.
On average, there were more than 185 interactions for each
posting to Florida's Facebook site (ie, people who liked,
commented on, or shared content), expanding the reach of each
individual message. The most successful TCP social mediasites
communicated information in away that reflected the audience
preferences (eg, with videos and photos), thereby encouraging
audience response and discussion. Without engaging in
interactive communication with their audience, state TCPs are
unable to characterize their audience or receive feedback for
site improvements [28].

Taken together, these findingsindicate that changesin the social
media practices of state TCPs can enhance their ability to
connect with constituents—including smokerswho areinterested
in quitting—in ways that may promote cessation. State TCPs
have a long history of providing evidence-based cessation
services. Although improvementsto the content and interactive
nature of TCP social mediasitesare contingent upon their ability
to dedicate human resources to site management, states have
accessto well-designed tobacco cessation online materialsfrom
a variety of government and nonprofit agencies (eg, CDC's
Office on Smoking and Health, Public Health Service, National
Cancer Ingtitute). To encourage participation, TCPs should
focus on the dissemination of evidence-based tobacco cessation
infformation in an engaging format promote appropriate
behavioral interventions, and create an online environment that
increases participation and 2-way communication with users.

Active TCP social media sites could influence how smokers
discover, access, and understand cessation- and tobacco-rel ated
information, including connecting the public to telephone
quitlines and Web-based cessation services. Traditional media
campaigns are often most effective when accompanied by access
to available services [29]. Social media messages can reach
consumers with both information and links to services, such as
telephone quitlines. In addition, social media sites present a
unique opportunity to address state TCP goals for increasing
cessation because they have a very low barrier for affiliation
and present smokers with the option to join large ad hoc
networks within their state [30]. TCP-driven content and
interactions with users should be aimed at increasing smokers
use of evidence-based treatment options and enhancing
self-efficacy during the quitting process.

As private and government organizations move toward online
technologiesto promote and provide services, thereis agreater
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need for public health practitioners to be able to create
evidence-based websites and promote strategies that will
maximize exposure to evidence-based cessation services [31].
State TCPs face a wide range of barriers, including lack of
dedicated staff within state health departments to encourage
improvements to social media, lack of knowledge regarding
best practices in social media, lengthy approval processes or
policy restrictions that hinder improvements, and financial
limitations for cessation-related promotiona activities and
services [3,29]. Large-scale and rapid improvements to state
TCP social mediasites may be bolstered by active collaboration
among state and federal agencies, both of whom seek toimprove
population health outcomes by reducing smoking prevalence.

Although the emergence of social mediasites presentsaunique
opportunity for state TCPs to communicate and engage with
smokers, literature is lacking to evaluate the effectiveness of
these channelsin promoting cessation services. Some evidence
suggeststhat onlineinteraction and connectedness can increase
cessation self-efficacy [32]. Wide-scae adoption of
improvements to the content and interactive nature of TCP
social media sites may encourage supportive communities of
online smokersand yield increasesin the use of evidence-based
interventions. Social network analysis may help us better
understand how federal and state TCPs are connected and how
these networks can be leveraged to help inform more strategic
communications plan. More experimental and applied research
across multidisciplinary teams (eg, social media researchers,
federal and state tobacco control cessation managers, and
marketers) is necessary to understand the conditionsunder which
TCP social media sites successfully engage and motivate
smokers to quit.

This study has several limitations. Data could not be captured
for messages that were deleted, noted as private by a TCP, or
shared offline. Also, some TCPs may not have promoted state
cessation services heavily through social mediaduring theairing
of the national media campaign, but may have done so during
other time periods. Further, this study provides a quantitative
summary of audience interaction and did not examine the type
of site users or systematically examine users' posted content.
Although state TCPs primarily target smokers in their
campaigns, audiences following state TCPs may also include
other health agencies [18]. Similarly, some TCP sites may be
linked to cessation programs not intended for smokers (eg,
California's Twitter). Future research on the type of site users
and posted content should yield a better understanding of the
level of engagement by smokers as well as public health
organizations and other audiences [33]. Despite its limitations,
this study provides an important first look at state TCP social
media sites and audience engagement.
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Abstract

Background: Socia networking sites, particularly Facebook, are increasingly included in contemporary smoking cessation
interventions directed toward young adults. Littleisknown about therol e of Facebook in smoking cessation interventions directed
toward this age demographic.

Objective: The aim of this study was to characterize the content of posts on the Facebook page of Crush the Crave, an
evidence-informed smoking cessation intervention directed toward young adults aged 19 to 29 years.

Methods: Crush the Crave Facebook posts between October 10, 2012 and June 12, 2013 were collected for analysis, representing
page activity during the pilot phase of Crush the Crave. Of the 399 postsincluded for analysis, 121 were original posts, whereas
the remaining 278 were reply posts. Posts were coded according to themes using framework analysis.

Results: We found that the original Crush the Crave Facebook posts served two main purposes: to support smoking cessation
and to market Crush the Crave. Most of the original posts (86/121, 71.1%) conveyed support of smoking cessation through the
following 7 subthemes: encouraging cessation, group stimul ation, management of cravings, promoting socia support, denormalizing
smoking, providing health information, and exposing tobacco industry tactics. The remaining original posts (35/121, 28.9%)
aimed to market Crush the Crave through 2 subthemes: Crush the Crave promotion and iPhone 5 contest promotion. Most of the
reply posts (214/278, 77.0%) were in response to the supporting smoking cessation posts and the remaining 64 (23.0%) werein
response to the marketing Crush the Crave posts. The most common response to both the supporting smoking cessation and
marketing Crush the Crave posts was user engagement with the images associated with each post at 40.2% (86/214) and 45%
(29/64), respectively. The second most common response consisted of users sharing their smoking-related experiences. More
users shared their smoking-related experiences in response to the supporting smoking cessation posts (81/214, 37.9%) compared
to the marketing Crush the Crave posts (11/64, 17%). With the exception of 4 posts, a moderator posted all the original posts. In
addition, although 56.00% (18,937/33,815) of Crush the Crave Facebook page users were men, only 19.8% (55/278) of the reply
posts were made by men. Finally, men were found to be more likely to express sarcasm or make strong assertions about quitting
smoking and Crush the Crave than women.

Conclusions: The CTC Facebook page presents as a unique platform for supporting young adult smoking cessation at all stages
of the cessation process. The findings of this study indicate that social networking sites, especially Facebook, warrant inclusion
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in tobacco control efforts directed towards young adults. Research on effectiveness of the Facebook page for quitting smoking

is needed.

(J Med Internet Res 2014;16(7):€170) doi:10.2196/jmir.3189

KEYWORDS

qualitative research; young adult; smoking cessation; Internet; social media

Introduction

Background

Facebook has been recently included in the design and
development of smoking cessation initiatives directed toward
young adults. Because young adults (ages 18 to 29) are extensive
users of Facebook [1], and because they represent the largest
population of smokersin both Canada (21%) [2] and the United
States (19%) [3], Facebook is increasingly included in
contemporary smoking cessation initiatives directed toward this
population. For example, Crush the Crave [4], aresearch-based
smoking cessation app developed for young adults, has been
integrated into Facebook, among other social media. The
personal connections that can be formed through social media
can be viewed asaform of socia support and socia support is
effective in hel ping peopl e quit smoking according to evidence
gathered by the US Public Health Service expert panel [5].
However, despite the rapid growth in use of socia media,
research is in the early stages regarding how online socid
networks and opportunities for socia support might or might
not affect smoking cessation [6].

Social networking sites, particularly Facebook, remain under
examined media for health promotion. Given the widespread
uptake of Facebook among young adults, this medium warrants
further investigation for itsrolein health behavior interventions
directed toward this population, particularly in relation to
smoking cessation. Therefore, the purpose of this study was to
use framework analysisto characterize the content of the Crush
the Crave Facebook posts and the associated responses.

Crush the Crave

In early 2012, a team of population health researchers, social
media experts, and computer programmers developed and
promoted Crush the Crave as an evidence-informed smoking
cessation smartphone and social media app designed to help
close the gap between existing smartphone apps[ 7] and evidence
on what works in getting young smokers to quit smoking [8].
A panel of 5 experts in social media and tobacco cessation, a

http://www.jmir.org/2014/7/e170/

comparative analysis of the top 5 downloaded cessation apps,
and 2 rounds of focus groups with young adult smokers were
used to create the content and test the usability, design, and
functionality of Crush the Crave.

Crush the Crave is available for Android and iOS devices in
both English and French. Incorporating principles of persuasive
technology for behavior change[9], Crush the Crave offerssuch
features as a customized quit plan, the tracking of cravings and
smoking habits, notifications of money saved and health
improvements achieved, direct dia-up to telephone-based
support, virtual awardsthat credit performance toward reaching
milestones, evidence-informed credibleinformation (eg, nicotine
replacement therapy), and the ability to connect with a
community of people for social support via Facebook.

Crush the Crave Facebook Page

The Crush the Crave Facebook page (Figure 1) is integrated
within the smartphone app or can be accessed onits own through
abrowser. It ismoderated by a social media expert and asmall
team with expertise in tobacco control. Individuals principally
cometo the Facebook page viathe Google search engine or the
Crush the Crave app. During the period of April 2012 to April
2013, Crush the Crave was piloted and promoted through
Google and Facebook ads. Since this pilot phase, there has not
been any active promotion of Crush the Crave.

Asof November 19, 2013, the Crush the Crave Facebook page
had 34,690 likes and atotal reach of 7282 people. Inall, 56.00%
(4078/7282) of Crush the Crave Facebook users were men and
44.00% (3024/7282) were women. Most people reached
(4369/7282, 60.00%) were between the ages of 18 and 34 years
(the intended target group) and 57.00% (4151/7282) of Crush
the Crave fans were from Canada. Posts to the Facebook page
took place almost daily and usual ly included aphoto and caption
about quitting smoking. Thetotal number of peoplewho clicked
on, liked, commented on, or shared Crush the Crave averaged
4000.4 (SD 4306.10) per week. User engagement in terms of
likes, comments, and shares averaged 70.1 (SD 62.7) per post.
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Figure 1. The Crush the Crave Facebook page.
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Methods

Study Sample and Data Collection

For this study, 399 Crush the Crave Facebook posts, spanning
from October 10, 2012 to June 12, 2013, were collected for
analysis and entered into an NVivo version 10 qualitative
software database (QSR International Pty Ltd, Burlington, MA,
USA). This page activity represented the pilot phase of Crush
the Crave. Posts were collected in reverse chronological order
so that the most recent activity on the Crush the Crave Facebook
page was represented. Sampling was driven by saturation of
themes, where posts were collected until no new themes or
subthemes were identified. Of the 399 posts, 121 were original
posts, whereas the remaining 278 were responses to these posts.
No direct contact with participants was sought for this study;
data collection occurred solely through the gathering of posts
freely available on the Crush the Crave Facebook page.

Data Analysis

Theframework approach [10] was used to qualitatively analyze
the Crush the Crave Facebook posts. Central to framework
analysis is a series of interconnected stages (familiarization,
identifying a thematic framework, indexing, charting, and
mapping and interpretation) that enablesthe researcher to move
back and forth between the data until a coherent account of the
phenomenon is developed [11]. This analytic approach
facilitated refinement of themes by both authors while
maintaining a clear audit trail. Familiarization was achieved in
this study through constant comparison [12] of postsin which
coding categories were developed and entered in the NVivo

http://www.jmir.org/2014/7/e170/

database. The first author coded &l posts. To validate coding,
both authors independently coded the first 51 posts and then
compared for consistency. Any discrepancies in coding were
discussed and resolved. In this way, each author was able to
critically challenge one another on differing perspectives and
any potential biases.

After the first 51 posts were coded, a thematic framework was
devel oped by generating major themes and subthemesin relation
to the original posts and categorizing the associated responses.
This process was facilitated by asking iterative, analytic
questions (eg, What is going on here? How are these different
or the same?). Original posts were grouped according to their
identified purpose (eg, supporting smoking cessation) and the
responses were categorized according to their identified type
(eg, sharing smoking-related experiences). To maintain the
context of the responses to the original posts, they were listed
under the messages from which they were derived and then
categorized separately as a type of response. Throughout the
coding process, regular meetings were held between the 2
authorsto discuss and refine the thematic framework. Indexing
was accomplished by coding each post in NVivo, with reliability
checked by the second author through review of the NVivofile.
The constant comparison method [12] was employed throughout
the coding processto ensureinternal homogeneity of the coding
categories [13], whereby each post was coded into 1 category.

The fourth stage of framework analysis, charting, involved
arranging summaries of the origina posts and the associated
responses in a table, which were grouped according to the
identified themes and subthemes in relation to the purpose of
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theoriginal posts. Thisstage enabled the researchersto identify
the range of dataincluded in the original posts and to become
familiar with the range of responses to these messages. The
thematic framework was refined and two tables of data were
developed: one that encompassed the purpose of the original
posts according to each identified theme and subtheme and one
that encompassed the various responses to these posts, which
were grounded in the context of the themes and subthemes of
the original posts. Thefinal stage, mapping and interpretation,
enabled the researchers to compare and contrast the original
posts and responses while searching for patterns. At this stage,
theoriginal postswere grouped according to thefinaized themes
and subthemes, and responses were grouped together.
Representative quotes were sel ected from the original posts and
responsesto illustrate key themes and subthemes.

Table 1. Posts supporting smoking cessation (N=86).

Struik & Baskerville

Results

CharacterizingtheOriginal Crush the Crave Facebook
Posts

Overview

We found that the original posts served two main purposes: to
support smoking cessation and market Crush the Crave. Most
posts (86/121, 71.1%) related to the major theme supporting
smoking cessation, which included 7 subthemes (Table 1), and
35 of 121 posts (28.9%) related to the major theme marketing
Crush the Crave, which included 2 subthemes (Table 2). The
original Crush the Crave Facebook postswere primarily initiated
by a Crush the Crave moderator. Only 4 of the posts were
user-initiated.

Subtheme n (%) Examples of post content
Encourage cessation 34 (39) Quitting is tough...but you're tougher ;) B
Think of all the places a tobacco-free road can take you. B
Group stimulation 13 (15) Fill inthe blank! I1t'sbeen ___days since my last cigarette. &
Cool piece from’66. What would you rather spend your money on? B
Promote social support 12 (14) You gottalove your quit buddy! B
Good friends make quitting easier! ’TE
Management of cravings 11 (13) We found your next craving distraction-playing frisbee with a friend! B
Next time you think about smoking, go to amirror, take a breath, and make E
thisface. Just try it. You'll see.
Denormalize smoking 7(8) Hit the like button if you agree that smoking isn’t sexy.
Fact: Not smoking makes you more kissable. B
Providehealthinformation 5 (6) Get outdoors and get active! Researchers found that physically active men B
were 36% more likely to have tried to quit smoking within the past year,
while physically active women were 37% morelikely to do so than nonactive
women.
As soon as you stop smoking, you start repairing. (Thanks Austraial) B
Expose tobacco industr 4(5) How do you feel about being labeled “areplacement” ? “The truth about tobacco”
p y Y g ep
tactics video [14]

Why are young adults so important to tobacco companies?

|
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Table 2. Posts marketing Crush the Crave (N=35).

Struik & Baskerville

Subtheme n (%) Examples of post content

CrushtheCravepromotion 26 (74)

Strut your way to a smoke-free lifestyle with Crush the Crave!

The new Crush the Crave is going to be Facebook-friendly!

5] @] @ [=]

iPhone 5 contest promo- 9 (26) Did someone say iPhone 5? Our contest ends on June 15th!
tion
Have you entered the Crush the Crave contest yet? You could WIN an
iPhone 5!
. . . Expose tobacco industry tactics was another subtheme under
Supporting Smoking Cessation P y

The encourage cessation subtheme was present in many of the
supporting smoking cessation posts (34/86, 39%). Posts within
this subtheme contained positively framed messages offering
encouragement to those trying to quit smoking, such as “ Stay
positive! You can do thig!”

The group stimulation subtheme represented 13 of 86 (15%)
posts under the major theme supporting smoking cessation.
Generating interaction among the Crush the Crave Facebook
users was the primary goa of these posts. Therefore, the posts
consisted of questions and posting thought-provoking articles
or images related to smoking. For example, a post contained a
link to an article on new research demonstrating alink between
cigarette smoking and damage to memory, learning, and
reasoning, and asked users “ Think there'struth to this?’

Management of cravingswas another common subtheme (12/86,
14%). Posts under this subtheme included suggestions about
ways to manage cravings (eg, “Find a peaceful place when
cravings stress you out”) and also invited users to reflect on
their cravings (eg, “Quit Smoking Pro Tip: Reflect on your
triggers to understand where your habit comes from”).

The supporting smoking cessation posts also entailed a focus
on promoting the act of social support for those trying to quit
(11/86, 13%). The positive role that providing and receiving
social support has on smoking cessation was emphasized in
these posts. For instance, one post read, “Find a quit buddy,
backup goes along way.”

Denormalize smoking was another subtheme under supporting
smoking cessation and represented 7 of 86 posts (8%). These
posts covered the positive social outcomes of being smoke-free.
These positive outcomes included smelling good and 1ooking
attractive, such as “Did you know? Not smelling like cigarette
smoke=more hugs.”

Posts that provided health information made up 5 of 86 (6%)
supporting smoking cessation posts. These posts provided facts
about addiction, research on effective strategies for quitting
smoking, the positive health effects of quitting, and information
about the damaging effects of smoking on the body. For
example, one post read, “Do you have a cigarette first thing in
the morning? This recent study shows that smoking as soon as
you wake up is even more unhealthy.”

http://www.jmir.org/2014/7/e170/

supporting smoking cessation (4/86, 5%). The purpose of these
posts was to invite Crush the Crave Facebook users to think
about the recruitment strategies used by tobacco companies to
increase their revenue. Thisis demonstrated in the post: “Class
isin session! How does this Newport ad try to sell cigarettesto
men?’

Marketing Crush the Crave

The Crush the Crave promotion subtheme represented most of
the marketing Crush the Crave posts (26/35, 74%). The purpose
of these posts was to promote the various mobile and social
media platforms to access Crush the Crave (eg, “ Did you know
that Crush the Craveison Google Play?’), the different features
of the Crush the Crave app (eg, “Watching a funny video can
help distract the crave! It's one of the featuresin our Quit Help
section in the Crush the Crave app”), aswell as news related to
Crush the Crave (eg, “We got some radio play for new version
of Crush the Crave today!”).

The iPhone 5 contest promotion subtheme made up the
remaining 9 of 35 (26%) marketing Crush the Crave posts. The
focus of these posts was to motivate people to join Crush the
Crave and download the Crush the Crave app. For instance, one
post read, “ L ooking for some motivation? Enter our contest and
you could win an iPhone 5!”

Characterizing the Crush the Crave User Reply Posts

Overview

Of the 278 reply posts, 214 (77.0%) were in response to the
supporting smoking cessation posts, whereas the remaining 64
(23.0%) were in response to the marketing Crush the Crave
posts. Women posted 218 (78.4%) of thereply posts, men posted
55 (19.8%), and 5 (1.8%) were posted by users that did not
indicate their gender.

Supporting Smoking Cessation Reply Posts

The most common response (86/214, 40.2%) to the posts under
the supporting smoking cessation major theme consisted of user
engagement with the images associated with the original posts.
Users primarily expressed their enjoyment of the images. For
example, in response to an image of kittens hugging associated
with a post promoting social support of cessation, a user
responded: “Aw, so sweet!;))” A few users expressed that the
images associated with the posts spurred on their smoke-free
efforts. For example, in response to an image of puppies
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associated with the caption “If | just hold your mouth shut, like
this, you can’'t smoke” a user responded, “AH-adorable with a
good reminder or pushintheright direction.” Conversely, some
usersindicated that although the images were appreciated, they
were not enough to motivate their smoke-free efforts. For
example, a user responded, “I love this cat...but nope, won't
help meto stop smoking” to an image of a cat with the caption,
“Maybe | can persuade you not to light that cigarette”

The second most common response (81/214, 37.8%) to the
supporting smoking cessation posts consisted of users sharing
their smoking-related experiences at various stages of the
cessation process. These responses often consisted of users
sharing their quit successes (eg, “Day 200 for me no smoking
:3"). Some users would respond in detail and elaborate on their
lived experiences with quitting smoking:

I quit smoking 31 years ago. My husband had had a
heart attack, we had to get someone to wash all the
house and car pets and uphol stery so the smoke smell
would be gone. Because | loved him so much, and |
wanted him to live with me much longer, he was my
reason to stop. In order to be able to stop, you need
areason to help you along. Not so hard that way. And
so worth it. Good luck all.

Crush the Crave Facebook users also shared their struggleswith
cessation, which was demonstrated in the following post: “I
quit so many times...started again and again...last time | just
made up my mind...threw them away and never looked back.
It was hard but I’ ve been smoke-free for 12 years now and very
happy | did.” Sharing personal management of cravings was
another popular response in which users would describe what
they found helpful in remaining smoke-free:

| used an aide called Champix and | never looked
back and never will!!!! And thanks, | am very proud
of myself. | was a very heavy smoker. | smoked 25 to
30 aday and rolled my own. So harsh lol. Good luck
to whomever is quitting. IT ISWORTH IT!!!!

Some Crush the Crave Facebook users also shared their smoking
triggers. For example, one user described how she changed her
daily routine so that she could quit smoking:

For me, it was after a meal with my coffee. So |
switched to tea and it made things easier. Or went
without it and went for awalk because | never smoked
outside. It has been 32 years now. | am so proud of
myself.

Although seldom, some userswoul d assert their current smoking
status (eg, “ Sorry, | do smoke”). Still otherswould expresstheir
intentions to quit (eg, “Well, Jan 1, 2013 will be the first day
for me:) Wish meluck!™).

Crush the Crave Facebook users also discussed tobacco control
measures (11/214, 5.1%) in response to the supporting smoking
cessation posts. For example, in response to a post asking users
if they thought health warnings on cigarette packages should
be mandatory, a user responded with the statement: “I don’t
think they should have to [put health warnings on cigarette
packages]...you don't see any warning labels on liquor bottles
or beer bottles or cans!! Drunken drivers kill...” Some users
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expressed frustration with tobacco control efforts and suggested
that a complete ban on cigarettes was needed: “...take THEM
OFF THE shelf then, why can they keep selling something that
kills you, when they pull a product off the shelf for WAY less
health issues...”

Sometimes Crush the Crave Facebook users would express a
negative attitude toward smoking (9/214, 4.2%) when engaging
with the supporting smoking cessation posts. For example, a
user described the social benefits of not smelling like cigarette
smokein responseto apost that aimed to denormalize smoking:
“Moredates, morelov’ n, more everything! 1t’snot cool to smell
like smoke!”

In all, 4 of 214 responses (1.9%) consisted of tags, which are
links created by users to another person’s Facebook timeline.
The people who are tagged then receive a notification and are
directed to the post that they were tagged in, facilitating their
exposure to Crush the Crave content. Only 2 of 214 (0.9%)
reply posts consisted of users sharing smoking-related facts,
such as“It takes 7 yearsto recover.” And 3 of 214 posts (1.4%)
consisted of users encouraging the smoking cessation efforts
of their peers: “If | can do it, anyone can. YOU CAN!!" In
addition, 3 of 214 posts (1.4%) consisted of users expressing
sarcasm. For example, in a post asking users how many days
it's been since their last cigarette, a user responded with “too
long.” The remaining reply posts consisted of users expressing
their misunderstanding of the posts (4/214, 1.9%) (eg, “What
does the aurora borealis have to do with not smoking?’), a user
sharing holiday wishes (1/214, 0.5%) (eg,”Happy
Thanksgiving!”), and users posting content unrelated to the
origina post (12/214, 5.6%) (eg, “Do you ever have those
dreams, where abad person is chasing you and you're running
in slow motion?’).

Marketing Crush the Crave Reply Posts

Many (29/64, 45%) responses to the posts under the marketing
Crush the Crave major theme consisted of users engaging with
theimages associated with the posts. A coupl e of images brought
forward critiques by some of the Crush the Crave Facebook
users. For example, the inclusion of an image portraying
cigarettes that spelled out the word “quit” in a post promoting
the Crush the Crave app received some criticism. One user made
the following critique of theimage: “1t would make more sense
if they [cigarettes in photo] were broken.” Another user
expressed that the use of images depicting cigarettes did not
motivate their cessation efforts and, in fact, had the opposite
effect: “This makes me want to smoke one.” Of the 64 reply
posts in response to the marketing Crush the Crave posts, 11
(17%) included users sharing their smoking-related experiences.
Tagging others to the marketing Crush the Crave posts was
another method of responding to the posts (6/64, 9%), indicating
that users were promoting Crush the Crave to their friends.

Of the 64 repliesto the marketing Crush the Crave posts, 6 (9%)
consisted of sarcastic remarks about quitting smoking and what
will help people quit. For example, in response to a post
promoting Crush the Crave to help people quit smoking, a user
posted, “Maybeif they put Justin Bieber on each pack of smokes
then peoplewill maybe quit smoking lol.” Of the 64 reply posts,
4 (6%) consisted of users expressing a negative attitude toward
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Crush the Crave, which is demonstrated in the following post:
“Pathetic if you need an app to help you quit smoking.” With
the exception of one, the reply posts consisting of sarcasm or a
negative attitude toward Crush the Crave were made by men.

In addition, 3 of 64 (5%) reply posts consisted of users gathering
information about Crush the Crave. For example, auser wanted
to know more about the availability of Crush the Crave on
mobile phones: “Do you have a Blackberry version? Because
it would be a shame if a Canadian-made app didn’t work on a
Canadian phone...:).” The remaining 3 of 64 (5%) reply posts
consisted of peer encouragement of cessation (eg, “Quit
smoking!! :)"), expression of a positive attitude toward Crush
the Crave (eg, “Thumbs up”), and a comment unrelated to the
Crush the Crave Facebook posts (eg, “We do afree package!”).

Textbox 1. Sample conversation between the moderator and the users.

Struik & Baskerville

Secondary Reply Posts

Of the 278 reply posts, 50 (18.0%) were secondary responses
provided by moderators and peers. These secondary responses
primarily consisted of the moderator offering clarification when
there was misunderstanding, providing redirection when user
responses were not related to the topic of the posts, and
providing positive reinforcement for users sharing
smoking-related experiences. For example, in responseto auser
sharing their quit success on the Crush the Crave Facebook
page, amoderator responded, “ Thisisawonderful and inspiring
story! Thank you so much for sharing it with us” Some
responses to the original posts would prompt an ongoing
conversation between the moderator and the users, or between
the users, as shown in Textboxes 1 and 2.

User #1 response: 3.
User #2 response: 0.
User #3 response: 9.

User 1 response: Watermelon [distraction aid)].

Post: Fill in the blank! I’ve pushed the CRAVE button times today.

Moderator (asking the users who reported pushing the CRAVE button): Did you Distract the Crave with one of the optionsin the app?

Textbox 2. Sample conversation between the users.

User #2 response: Posted article about Champix being linked to suicides.

Although seldom, some users would engage with the responses of their peers, such as this conversation:
Post: Does anyone remember the Friends (TV show) episode when Chandler tries to quit smoking? Maybe he should have tried our app!

User #1 response: 3 years plus now nonsmoking thanks to the help of Champix.

User #1 response: The article forgot to mention that using tobacco kills 40,000 Canadians each year. |'d take my chances with Champix.

Discussion

Principal Findings

This study addresses gaps in the literature by investigating the
role of Facebook as part of a smoking cessation intervention
directed toward young adults. The findings of this study reveal
that social networking sites, such as Facebook, can be harnessed
for supporting young adults who are trying to quit smoking or
have become smoke-free.

The primary purpose of the Crush the Crave Facebook page
was to support smoking cessation. The supportive nature of the
Crush the Crave Facebook page wasfirst cultivated through the
original posts, and then maintained through the reply posts, as
well asthrough the secondary responses provided by the Crush
the Crave Facebook page moderators, where positive
reinforcement, clarification, and redirection was provided in
response to user posts. This finding extends previous research
[15] and indicates that Facebook is not only a context that can
host supportive exchanges, but also that the original postson a
Facebook page may play a magor role in establishing a
supportive context for these exchanges. Once established
through the original posts, the supportive nature of the Crush
the Crave Facebook page was then maintained and continued

http://www.jmir.org/2014/7/e170/

through the responses made by a variety of sources (eg,
moderator, smoke-free individuals, individuals trying to quit)
inavariety of ways (eg, offering information, providing positive
reinforcement, sharing personal experiences). Given that social
support increases the likelihood of quitting and success in
remaining smoke-free[16,17], the supportive context established
on the Crush the Crave Facebook page is encouraging.

L eadership on the Crush the Crave Facebook page was primarily
provided by the Crush the Crave moderators. The moderators
posted ailmost al the origina posts and continually sought to
encourage individuals in their cessation efforts, promote
engagement by posing questions or topics of interest to the
group, and moderate discussions. Given that individuals on the
page were not likely to initiate engagement on the page, it
appears that users relied on the direction of a moderator.
Although leadership on the page may evolve over time, this
finding highlights the key role that moderators play in
stimulating group activity and in directing and tailoring page
content to the group. Other researchers who have investigated
therole of social forumsin health promotion interventionsreport
similar findings [15,18]. For example, Ploderer and colleagues
[15] found that users of a Facebook page as part of a smoking
cessation intervention also relied on the direction of amoderator
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rather than on the contributions of its members. It has been
suggested that moderators play a pivotal role in influencing
health behavior change and that the absence of amoderator may
discourage users and hinder their motivation and self-confidence
in changing their health behaviors [18,19]. Given increasing
evidence that amoderator plays apivotal rolein harnessing the
benefits of including social networking sitesin health promotion
interventions, consideration for ongoing inclusion of moderators
for providing support and guiding page content is warranted.

In relation to the reply posts, we found that individuals on the
Crush the Crave Facebook page primarily shared their
smoking-related experiences. The sharing of personal
experiences on the Crush the Crave Facebook page is similar
to the findings of arecent study by Brandt and colleagues [20],
demonstrating that Facebook is used as a platform for
self-reflection and evaluation of one's cessation efforts [20].
Thisfinding addsto increasing evidence that social networking
sites, particularly Facebook, may play acritical rolein helping
individuals reach their cessation goals.

We found that Crush the Crave Facebook users often posted
about their various tobacco use behaviors and experiences, from
their current smoking status (eg, “Sorry, | do smoke”) to their
success in becoming smoke-free (eg, “1 quit smoking just over
1 month ago and I've never felt better”). Although infrequent,
members on the page would share their cessation challenges.
Thedisplay of quit struggles and smoking relapses on the Crush
the Crave Facebook page is similar to the findings of Ploderer
and colleagues[15], who a so found that members of asmoking
cessation Facebook page were willing to share their quit
struggles. This finding adds to increasing evidence that
Facebook pages dedicated to supporting a particular health
behavior, such asthe Crush the Crave Facebook page, are trusted
sources of social support. In light of evidence that individuals
are not likely to share their health behavior struggles on their
personal Facebook pages because of concern for embarrassment
[21,22], the inclusion of Facebook pages as part of health
behavior interventions provides individuals with a support
network that they can tap into and share a broad range of
experiences.

More frequently, users would share cessation success stories.
This finding is encouraging because successful quitters are a
valuable resource for others who are trying to quit, and also
provide normative influence within a social network [17,23].
In addition, abstinent smokersin asocial network are reminded
of their cessation journey, which strengthens their wish to
remain smoke-free[23]. Furthermore, individualswho aretrying
to quit can draw motivation and encouragement from reading
the stories of those who have succeeded in their cessation [23],
thereby adding to the supportive nature of the Crush the Crave
Facebook page.

Gender differencesin user engagement on the Crush the Crave
Facebook page were highlighted in the findings. Consistent
with recent reports indicating that women are more likely than
men to engage on social networking sites, such as Facebook
[24], we found that most responses to both the original posts
and other user posts were made by women. Although men were
found to be less active, they also represented the largest users
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of the Crush the Crave Facebook page, indicating that the Crush
the Crave Facebook page may be a promising avenue for
reaching young men who smoke. In light of evidencethat young
adults are less likely to participate in smoking cessation
programs [25,26], this finding highlights the potential of
engaging young adults in smoking cessation interventions via
Facebook, especially young women.

Gender differences in the communication styles of men and
women were al so noted on the Crush the Crave Facebook page.
Women’s communication on the Crush the Crave Facebook
page emphasized supportiveness and connection with others,
whereas men were more likely to express sarcasm and make
strong assertions about Crush the Crave or quitting smoking.
Thisfinding is consistent with the findings of previous studies
investigating communication on Facebook specificaly [21],
and social media more broadly [27]. Although we must be
cautious about falling into heteronormative assumptions when
approaching smoking cessation online, consideration for the
stereotypical communication styles of men and women displayed
on Facebook is warranted.

Limitations and Future Research

The findings of this study need to be considered in light of
several limitations. We were limited in describing Crush the
Crave Facebook users through Facebook Insights. In addition,
gender and age group were the only demographics freely
available on the Crush the Crave Facebook page for the sample
of usersincluded in this study. Because this study specifically
examined Facebook, the findings may not be applicableto other
socia networking platforms. Finadly, it is important to be
mindful of the continuously evolving nature of the Crush the
Crave Facebook page over time (eg, membership, introduction
of new topics, new group leaders, new moderators, new
promotion campaigns) and that these findings are situated in a
particular timeframe. In particular, the Crush the Crave
Facebook page activity for this study was representative of the
pilot phase of Crush the Crave to assess feasibility. Work is
underway to launch arandomized controlled trial of Crush the
Crave to determine its effectiveness in quitting smoking

Future research on the effectiveness of mHealth and social media
interventionsin hel ping people quit smoking isneeded. Research
on how socia support moderates the relationship between use
of social mediaand quitting smoking is also needed. In addition,
given the variability in smoking rates across population
subgroups, understanding what subpopulations of smokers can
benefit the most from social media and mobile-based smoking
cessation interventionsis needed. Furthermore, given the noted
gender differences on the Crush the Crave Facebook page,
further research is needed investigating participation of men
and women on the Facebook page and how their smoking
behaviors are influenced through the page. Once demonstrated
as cost-effective and for whom, policy makers can determine
how best to integrate mHealth and social media interventions
within comprehensive tobacco cessation systems [28,29].

Conclusions

Social networking sites are increasingly included in
contemporary smoking cessation interventions. Given the
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relativelack of evidenceinrelation to online smoking cessation  providing individuals with opportunities to give and receive
initiatives, this exploratory analysis contributes to knowledge support throughout the smoking cessation process, thereby
about the ways in which social networking sites, such as adding a new and innovative dimension to smoking cessation
Facebook, fit within the overall cessation picture. We found  interventions directed toward young men and women.

that the Crush the Crave Facebook page is a useful tool for
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Abstract

Background: To date, health research literature has focused on social network sites (SNS) either astoolsto deliver health care,
to study the effect of these networks on behavior, or to analyze Web health content. Less is known about the effectiveness of
these sites as a method for collecting data for health research and the means to use such powerful toolsin health research.

Objective: The objective of this study was to systematically review the available literature and explore the use of SNS as a
mode of collecting data for health research. The review aims to answer four questions: Does health research employ SNS as
method for collecting data? Is data quality affected by the mode of data collection? What types of participants were reached by
SNS? What are the strengths and limitations of SNS?

Methods: The literature was reviewed systematically in March 2013 by searching the databases MEDLINE, Embase, and
PsycINFO, using the Ovid and PubMed interface from 1996 to the third week of March 2013. The search results were examined
by 2 reviewers, and exclusion, inclusion, and quality assessment were carried out based on a pre-set protocol.

Results: Theinclusion criteriawere met by 10 studies and results were analyzed descriptively to answer the review questions.
There were four main results. (1) SNS have been used as a data collection tool by health researchers; al but 1 of the included
studieswere cross-sectional and quantitative. (2) Dataquality indicatorsthat were reported include responserate, cost, timeliness,
missing data/completion rate, and validity. However, comparison was carried out only for response rate and cost asit was unclear
how other reported indicators were measured. (3) The most targeted population were females and younger people. (4) All studies
stated that SNS is an effective recruitment method but that it may introduce a sampling bias.

Conclusions: SNS hasarole in health research, but we need to ascertain how to use it effectively without affecting the quality
of research. The field of SNSis growing rapidly, and it is necessary to take advantage of the strengths of this tool and to avoid
its limitations by effective research design. This review provides an important insight for scholars who plan to conduct research
using SNS.

(J Med Internet Res 2014;16(7):€171) doi:10.2196/jmir.3050
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Introduction

Overview

Since their introduction, socia network sites (SNS) have
attracted individuals, businesses, social organizations, and lately
health organizations and providers. There are millions of users,
each with a different purpose for using these networks.

The purpose of this review is to focus on those networks that
are defined as “Web-based services that alow individuals to
construct a public or semi-public profile within a bounded
system, articulate a list of other users with whom they share a
connection, and view and traverse their list of connections and
those made by others within the system” [1].

Socia network sitesand social mediaincludeall typesof online
social platforms that alow participants to share interests and
opinions and many other socia interactions. The use of these
platforms is becoming dominant among all Internet usage
purposes, and today Web content often has the feature to share
or link to SNS. It seemsthat the importance of atopicislinked
to its presencein SNS[2].

Social networking is not just about being on a website. It
comprisesacommunity that sharesand interacts. It isapowerful
community that has shifted the concept of mediaand is rapidly
and extensively penetrating society [3].

Social Network Sitesin Health Research

For researchers, SNS is an environment where sharing
information, knowledge, interest, and opinion is meaningful
and fun, which makesit ideal for conducting research [2]. The
promise that SNS held for health has been explored and
discussed in previous publications. SNS may play a role for
health in two ways: (1) the presence of health organizations on
SNS makes them more approachable and accessible, and (2)
SNS may be an effective way of helping patients with chronic
diseases managetheir health conditions. Theimportance of SNS
is reflected by increasing efforts within health sectors and
organizationsto embrace SNS[3,4].

However, efforts towards using SNS are till in their infancy
and more inventive interventions and other ways of benefiting
from SNS are yet to be explored and discussed [3]. One of the
many possible uses of SNS for health is using this powerful
platform to collect data and recruit for research studies.

Potential of Social Network Sites for Data Collection

Interest in online social networks has been increasing over the
past few yearsasaresult of the huge adoption of thistechnology
all over the world.

The literature shows that SNS has been used by researchers as
a source of information about user characteristics, patterns of
friending, and usage behavior [5]. These social networks have
become a modern source for information and data gathering.
They have evolved into a dynamic and accurate source of
gathering information because they contain afeature not found
in traditional media: active and two-way participation [6].

SNSare d so extraordinary marketing tools, ableto reach almost
any type of person, which changes communication from

http://www.jmir.org/2014/7/e171/
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“one-to-on€’ to “many-to-many” [7]. Finally, they have become
sources of collecting timely information, converting data into
profitable results at a faster rate. They contain great
opportunities for future research in public health because they
can be a great way to reach hidden and hard-to-reach groups
[8]. Yet there is still relatively little direction on how SNS can
be used in health research and whether they can provide valid
and reliable data.

Resear ch Objectives

Theaim of thisstudy wasto systematically review the available
literature and explore the use of SNS as a mode of collecting
data for health research. The review aims to answer four
questions: (1) Does health research employ SNS as a mode of
collecting data? (2) Is data quality affected by the mode of data
collection? (3) What types of participantswere reached by SNS?
(4) What are the strengths and limitations of SNS?

Methods

Systematic Review

The literature was reviewed systematically by searching
bibliographic databases, MEDLINE, Embase, and PsycINFO,
in March 2013 using the Ovid and PubMed interface for the
period 1996 to the third week of March 2013, using the
following keyword combinations: (Online Social Networks or
Online Social Sitesor Social Media) AND (Health). In addition,
amanual search was undertaken, searching the referencelist of
all included studies.

Thereview was conducted by 2 reviewersindependently. Search
results were extracted to an Endnote database, inclusion and
exclusion processes were recorded, and all abstracts and titles
were reviewed. The initial selection criteria were (1)
Intervention: The review focuses specifically on using SNS as
a mode of collecting data, rather than as a social intervention
(eg, support group), (2) Time and place: Studies produced at
any time and place will be included in the search strategy, (3)
Study participants: can include community or patients, and (4)
Outcomes: included studies must contain outcomes related to
the data collection mode, for example, response rate,
completeness, missing data, timeliness, cost, and perception of
privacy and anonymity. There were no language restrictions to
ensure that as many studies as possible were assessed for
relevance to the review.

Studies were excluded if they examined SNS participant
interaction rather than SNS asamaode of collecting data, if they
did not involve SNS, or if the article was a general discussion
paper that did not present data or methods. All included studies
had to specify the use of SNS as atool to collect self-reported
health data.

The review focused on the quality of data, the strengths and
limitations of the mode, and reported strategies that facilitate
the data collection. After inclusion based on title and abstract,
full articleswereretrieved and data extracted with a predesigned
extraction form that included a checklist to assess the quality
of each included study. The checklist was developed by the
Centre for Reviews and Dissemination (CRD) [9]. Studies that

JMed Internet Res 2014 | vol. 16 | iss. 7 |e171 | p.80
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

scored 5 out of 7 or below were considered as low quality, and
above 5 were considered as high quality.

Data Analysis

The wide variety of methodologies and outcomes of included
studies limited the possibility to carry out meta-analyses. For
example, study populations were different and for the studies
with similar populations, they had different methods. A
descriptive qualitative analysis was carried out to answer the
four research questions.

The PRISMA (Preferred Reporting Itemsfor Systematic reviews
and Meta-Analyses) checklist was followed in this systematic
review [10]. The checklist items are essential for transparent
reporting of a systematic review, and the author covered most
of theseitems except itemsrelated to meta-analysis, which was
not applicable for thisreview (Multimedia Appendix 1).

Figurel. Summary of the systematic literature review process.

Alshaikh et a

Results

Overview

A totd of 1534 citationswereidentified using the search strategy
from the el ectronic databases and search results combined with
articles identified by searching manually with duplicates
removed; 1213 citation titles and abstracts were reviewed.

A full text assessment was undertaken on the 13 papers that
appeared to meet the inclusion criteria based on title and
abstract. Of these, 3 were excluded: 2 not employing SNS
directly to collect data and 1 discussion paper with no results.
A total of 10 paperswerereviewed and assessed. Table 1 depicts
the search results from each database, and Figure 1 illustrates
the review process.

Electronic research Databases: Embase, ,Medline, Psycinfo
Key Words: (Health, media, network, online, online social network sites®,social,

social media, social network sites™®)
1534

Included from Manual search 2

e Duplicates 323

Excluded on the basis of title
and abstract 1200

13

Full copies retrieved and assessed for eligibility

4

Excluded after reviewing the
full text 3

10

Included in the systematic review

Included Studies

All included studies were cross-sectional and primarily used
self-reported data (M ultimedia Appendix 2). Whilethe mgjority

http://www.jmir.org/2014/7/e171/

RenderX

of studies undertook quantitative analysis, 1 study was based
on qualitative focus group data. All included studies are defined
as high quality after they were assessed by the CDR checklist
(Multimedia Appendix 3).
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Table 1. Database search resullts.

Alshaikh et a

Database Database provider Years searched Number of citations retrieved (n=1536)
MEDLINE ovID 1996 to March week 1, 2013 403

Psycinfo oVvID 1996 to March week 2, 2013 142

Embase ovID 1996 to March week 3 2013 609

MEDLINE Pubmed 1996 to March week 3, 2013 380

Manual search - 2

Does Health Research Use Social Network Sites as
Mode of Coallecting Data?

Overview

Thelarge number of search resultsindicate that health research
is using SNS in many forms, with the mgjority of studies
investigating the effect of SNS use on health seeking behavior
and knowledge. However, there are alimited number of studies
that focus on SNS as a tool for research recruitment or data
collection; only 10 studies of 1213 looked at this potential.

Type of Collected Data

Of the included studies, 9 collected survey data through SNS,
while Levine (2011) conducted an online focus group within a
SNS[11]. Fenner (2012) used SNSfor recruitment, rather than
only for data collection [12]. In summary, most of theincluded
studies collected quantitative data, and only one, Levine (2011)
collected qualitative data through MySpace and explored
possibilitiesto increase responserates[11]. It ismore convenient
to collect quantitative datarather than qualitative through SNS,
as the latter may require more resources.

Data Collection

As this review is looking at SNS as mode to collect health
research data, al included studies reached their participants
through SNS; however, different approaches were undertaken.
Heather (2009) distributed an invitation for an online survey
on 8 SNSrelated to pregnancy and baby health. This approach
resulted in 288 valid surveysin a 2-month period [13].

Levine (2011) conducted afocus group by forming a MySpace
profile embedded within a chat room and sending invitations
to membersto join their network; 738 peoplejoined the study’s
network. Participant selection was based on reviewing SNS
profiles, inviting specific participants that met the inclusion
criteria[11]. Although this methodology produced an accurate
set of qualitative data, it required several staff membersto aid
with the recruitment process.

Woolley (2012) was interested in monitoring the impact of a
specific Facebook health fan page, “ Get Up And Do Something
(GUADS)", on participant health seeking actions and behavior.
The study used the fan page to collect data by inviting all fans
to participate in an online survey [14]. Although the study
reported the use of multiple recruitment methods, no further
explanation was given as to the recruitment process.

Of the included studies, 4 used Facebook ads, an online
advertising affiliate program, which is a powerful targeted
advertisement method. Fenner (2012) assessed the feasibility

http://www.jmir.org/2014/7/e171/

of recruiting young females using this method. In total, 278
participantswererecruited, 139 choseto participatein the online
survey, and the remaining 139 opted to physically attend the
research center [12]. Ramo (2012), Lohse (2013), and Lord
(2011) also used Facebook ads to advertise an online survey to
their target populations [15-17].

In addition to Facebook ads, 2 other applications within
Facebook were used by health researchers: Facebook Event (a
new feature on Facebook where the plugin gives the fan page
administrator the ability to add details about upcoming events,
eg, Event Name, L ocation, and Date) and Facebook Poll (apage
widget that gives the fan page administrator the ability to add
“poll questions’ with avoting system and closing date) [18,19].
Finally, Shindel (2012) investigated the association of high risk
for sexual dysfunction of women who have sex with women
(WSW). Individualswereinvited to participate by emailing the
entire member list of online social networks catering to WSW
[18].

IsData Quality Affected by the Mode of Data
Collection?

Overview

In order to address this question, we looked at data quality
indicators such as response rate, completion time, dropout rate,
timeliness, missing data, and cost. A comparison was undertaken
where appropriate, as studies differed substantialy in
methodology and population. However, none of the included
studies looked at the quality of datain depth or performed any
type of anaysis regarding quality. Response rate, cost,
timeliness, and missing data were reported in some studies.

Response Rate

Response rate is defined as the “Number of participants who
completed a questionnaire” divided by the ‘ Total number of
participants who were asked to participate” [20]. The highest
response rate 27% (N=2583) was reported by Lord (2011). The
survey had been advertised on Facebook for 2 weeks and
targeted a young population with no strict inclusion criteria

[17].

The lowest response rate, 2.2% (N=738) reported by Levine
(2011), resulted from the recruitment method that was used.
Participants were invited to a synchronous online focus group
(during a specified time). Later changing to asynchronous (ie,
no specified time) caused a dight increase to 7.2% (N=250)
[11].

The collection of qualitative data is challenging because it
requires more effort and staff time as reported by the study
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authors; in some cases, calculating the response rate was not
possible [14]. To summarize (Table 2), the reported response

Table 2. Reported response rates of included studies.

Alshaikh et a

rates ranged between 2% to 27%, with an average of 12%.

Reference Study ID Response rate, % Parti cipated/Reached
[17] Lord, 2011 26.67 689/2583
[19] Cucchetti, 2012 22.80 2414/10584
[16] Lohse, 2013 17.42 18/465
[14] Woolley, 2012 11.19 90/804
[15] Ramo, 2012 10.69 1548/14808
[12] Fenner, 2012 6.93 551/7940
[17] Levine, 2011 2.17(synchronous) 16/738
7.20 (asynchronous) 18/250

Cost and Timeliness

Of the studies, 4 used Facebook in their recruitment strategy;
3wereableto report on the cost and timeliness of data collection
(Table 3) [12,15,16].

Thecriteriaused by the authorsin targeting specific participants
will inadvertently affect the number of participant responses.
Strasser (2012) set out to recruit 100 participants and closed the
survey as soon as this target was met [21]. Evidently, time was
not a key factor and the recruitment process would have
continued as required.

Table 3. Reported cost and timeliness of included studies.

However, cost isanimplication that must be considered. Studies
may have a limited budget and could recruit only as many
participants as possible within a specific timeframe. Ramo
(2012) reported the lowest cost per participant: $4.28 over a
13-month period yielding 1548 participants who were young
smokers[15]. Lohse (2013) and Fenner (2012) targeted females
within specific age ranges, which could account for the higher
costs reported [12,16].

Nevertheless the highest reported cost $20.14 was considered
favorable over the cost of traditional methods of recruiting as
reported by Fenner (2012) [12].

Reference Study ID Duration (days) Participants Response per day Cost ($US9)

Per participant Per click  Total
[15] Ramo, 2012 390 1548 4 4.28 0.45 6628.24
[16] Lohse, 2013 19 62 3 9.26 1.28 596.71
[12] Fenner, 2012 150 278 2 20.14 0.67 5598.92
[21] Strasser, 2012 16 100 1.6 - - -

Other Quality I ndicators

Fenner (2012) was the only author to report on missing data.
For the demographic questions, this did not exceed 5%, and for
remaining questions, this value was less than 8%. The author
considered this a positive indicator on the quality of data[12].

Lohse (2013) reported that the completion rate of the survey
was 93.5%, which is indicative of good data quality [16]. The
validity of the data was reported by Lord (2011) as 76%;
however, no further explanation was provided as to how this
was assessed [16].

http://www.jmir.org/2014/7/e171/
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What Types of Participants Were Reached by Social
Networking Sites?

Although SNS is a tool that can be widely used to recruit
participants, it may be more effective for certain groups; for
example, if targeting an aging population, one has to take into
account that this group may not be as computer literate and
therefore less likely to use SNS. The types of participant more
suited to SNS (Table 4) would be a younger population and
those that are “hard to reach”, for example, a homosexual
population.

JMed Internet Res 2014 | vol. 16 | iss. 7 |e171 | p.83
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 4. Types of participants targeted by SNS.

Alshaikh et a

Reference Study ID Participant type Target age, years
[13] Heather, 2009 Pregnant women >18

[12] Fenner, 2012 Female 16-25

[16] Lohse, 2013 Female 18-45

[18] Shindel, 2012 WSw >18

[21] Strasser, 2012 MSM No targeted age
[11] Levine, 2011 Youth 16-24

[17] Lord, 2011 Youth 18-25

[15] Ramo, 2012 Young smokers 18-25

[14] Woolley, 2012 Community >18

[29] Cucchetti, 2012 Community No targeted age

What Arethe Strengthsand Limitations of Social
Networking Sites?

One of the most reported strengths of SNS is that it is an
effective recruitment method. Thiswas stated in 4 studies, which
successfully reached young age groups [15], females [12],
low-incomefemales[16], and MSM [21]. All these popul ations
were defined by researchers as hard-to-reach groups. Facebook
in particular was considered by Ramo (2012) as a successful
mechanism to reach and recruit a young age group in
smoking-related health research, which isnormally achallenge
[15]. In addition, Levine (2011), Fenner (2012), and Ramo
(2012) reported that SNS proved to be much more cost effective
over other traditional methods of recruiting in health research
[11,12,15]. SNS can also provide representative and valid data.
Fenner (2012) indicated that the SNS sample vyielded
demographically representative data, and Lord (2011) stated
SNS provided arich pool of qualitative and quantitative valid
data[12,17].

Another strength of SNSisthat using online focus groups can
be an easy and simple process if conducted asynchronously
through SNS, which allows one to capture the exact language
of participants to analyze [11]. Finally, an important strength
of SNS for health surveys and research is the potential for
sharing and invitation within the network, enabling surveys to
be diffused rapidly between SNS participants [19].

The predominant limitation of SNSfor collecting datawas that
it may introduce self-selection bias, and when there is a
self-selection bias usually there is a sample bias and
representative and generalizability issues. Strasser (2012) has
also stated that self-reported data may affect the reliability and
validity of results[21].

Discussion

Principal Findings

This comprehensive review addressed our original research
guestions and found a gap in the literature for evaluating the
effectiveness of SNS as atool in health research. The findings
demonstrate that SNS is considered a research tool that can
reach wide audiences and simplify the data collection process

http://www.jmir.org/2014/7/e171/

for health research, especially quantitative data, along with a
wide range distribution of surveys reaching many participants
through SNS.

SNSisapowerful tool that can provide awealth of information
about research participants and has the potential to capture good
quality data, as some of the included studies have shown.
However, SNS self-reported data may introduce self-selection
bias, sampling bias, or other generalizability/reliability issues.
This aspect was not fully investigated in the included studies
of this review, which therefore indicates the need for future
research or systematic reviews to focus on these issues.

In thisreview, Facebook was used in 8 out of 10 of theincluded
studies, which indicates its strong potentia as a tool for
conducting health research. Many features within Facebook
empower the research process, for example, Facebook ads, palls,
events, and insights. The potential of Facebook needs to be
highlighted especialy in health research where validity is of
utmost importance for research results. Hence, further studies
assessing its potential in health research are needed.

Strengthsand Limitations

A number of strengths were highlighted in this review. First, it
was an overview of the existence of SNS usein health research
literatureillustrating the strengths and limitations of this method
in data collection. Second, it was a comprehensive and explicit
review with broad inclusion criteriathat led to areview of 1213
studies, highlighting the gap in the literature regarding the use
of SNSasatool and its effect on data quality.

A limitation of thisreview is the heterogeneity of the included
studies. Although all used SNSto collect data, their individual
objectives, populations, and outcomes are unique. Analyses
were found to be primarily descriptive.

Systematic Review Outcomes

SNS can be suitable for health research and was claimed to be
an effective tool to collect data, but more research is required
to look more closely at its effectiveness as atool. Comparative
research that compares SNS with other data collection modes
would be valuable in highlighting differences between the
quality of data obtained, costs incurred, and samples obtained.
Thisreview indicates that the quality of collected data was not
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assessed thoroughly; athough for surveys and online Conclusions
guestionnaires, it led to an acceptable level of validity. Yet,
SNSusefor data collection proved to be more successful when
young age groups were targeted. Finally, Facebook SNS was
used in a number of included studies in this review and
highlighted that it is a powerful tool that provides multiple
features that can be used to improve online health research.

Thisreview concludesthat SNS has aniche in health research,
but we need to ascertain how to use it effectively without
affecting the quality of research. The field of SNSis growing
rapidly and researchers need to take advantage of the strengths
of thistool and to avoid its limitations by employing effective
research design.
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Abstract

Background: Leshians and gay men have disproportionately high rates of depression and anxiety, and report lower satisfaction
with treatments. In part, this may be because many health care options marginalize them by assuming heterosexuality, or
misunderstand and fail to respond to the challenges specifically faced by these groups. E-therapies have particular potential to
respond to the mental health needs of lesbians and gay men, but there is little research to determine whether they do so, or how
they might be improved.

Objective: We sought to examine the applicability of existing mental health e-therapies for leshians and gay men.

Methods: Wereviewed 24 Web- and mobile phone-based e-therapies and assessed their performancein eight key areas, including
the use of inclusive language and content and whether they addressed mental health stressors for lesbians and gay men, such as
experiences of stigmarelated to their sexual orientation, coming out, and relationship issues that are specific to lesbians and gay
men.

Results: Wefound that e-therapies seldom addressed these stressors. Furthermore, 58% (14/24) of therapies contained instances
that assumed or suggested the user was heterosexual, with instances especially prevalent among better-evidenced programs.

Conclusions:  Our findings, and a detailed review protocol presented in this article, may be used as guides for the future
development of mental health e-therapies to better accommodate the needs of |eshians and gay men.

(J Med Internet Res 2014;16(7):e166) doi:10.2196/jmir.3529

KEYWORDS
Internet therapy; e-therapy; cCBT; mental health; gay men; lesbian; minority stress; depression; anxiety; review

recognized therapeutic approach in the treatment of depression
and anxiety disorders[1-5]. E-therapy isasoincreasingly being
Over the past two decades, Internet self-help therapy, hereafter delivered via mobile phone applications [6,7]. E-therapy’s

referred to as “ e-therapy” , has rapidly become established as a effectiveness as a general mode of therapy is now supported by
aconsiderable body of research [3,8-11]. Individual e-therapies
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within this health care mode have been tested to varying degrees.
For example, MoodGym (Australia) has been examined in 17
research trialsand seven randomized controlled trials[12], while
some other currently available therapies have yet to be supported
by research evidence.

E-therapies are an attractive option because they are relatively
cost-effective [4,10,13-15], accessible, and able to maintain
user anonymity [4,10,15]. In addition, e-therapies have been
identified as particularly suitable for use by marginalized
populations [13,16], such as rural persons [5] or same-sex
attracted persons[5,16]. The use of e-therapiesisnow promoted
by peak health care bodies, such asthe National Health Service
(NHS) in the United Kingdom [17,18], the Austraian
Psychological Society (APS) in Australia[3], and the Ministry
of Health in New Zealand [19]. The NHS in particular has
supported e-therapies by incorporating them into the United
Kingdom'’shealth care strategy and subsidizing their use[17,20].
The net outcomeisthat e-therapies are not only on therise, but
are now recognized as an integral constituent of future health
care solutions of Australia, the United Kingdom, and New
Zealand, with therapies also common in many other regions,
including the United States and parts of Europe [19,21].

While e-therapies are demonstrably an important tool in
addressing mental health issues, most are designed for the
population in general. Little work has been done to evaluate
whether their content and language accounts for and meets the
needs of individualswho identify aslesbian or gay. In Australia,
homosexual and bisexual persons are three times as likely to
experience depression and twice aslikely to experience anxiety
as the general population [22]. They are less likely to seek
treatment, and when they do, they tend to have considerable
concerns about experiencing discrimination [23]. Previous
research, such asthat grounded in Minority Stress Theory, has
shown that health care systems often assume heterosexuality,
and that this can have adverse mental health effectsfor same-sex
attracted persons [24-26]. These negative effects not only arise
from overt discrimination, such as doctors treating patients
differently, but may also arise from the incongruence
experienced by interacting with social structures that do not
take the minority group into account, where the group is
invisibleto itslanguage and design [27-29]. Thus, an e-therapy
that replicatesthisincongruence might inadvertently contribute
to minority stress, perhaps resulting in some lesbians and gay
men disconnecting with a treatment.

Furthermore, it isinsufficient for health care solutionsto simply
acknowledge sexual diversity. L eshiansand gay men are known
to experience a unique set of mental health challenges that
require tailored resources [29-32], such as dedling with
discrimination and other forms of stigma, “coming out” to
family and friends, and managing the process of concealing and
disclosing their sexual orientation at work, in socia settings,
and other facets of life [28-31]. While avoiding language and
content that assume heterosexuality on the part of the user is
important, content that specifically targets these and other
challenges is needed to sufficiently cater to the mental health
needs of lesbians and gay men [29,33-36].
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At present, it is not known the extent to which existing
e-therapies avoid an assumption of heterosexuality in their
language and other content (such as imagery depicting solely
heterosexual persons and survey questions that could only be
applicable to heterosexual partnering), or the degree to which
they specifically addressthe mental health challenges of leshians
and gay men. This article responds to some of these questions
by presenting findings from a review we conducted of alarge
number of widely accessible English language e-therapies. The
main aim of the review wasto provide an analysisof the current
field of e-therapieswith regard to accommodating the needs of
lesbians and gay men and, in doing so, to identify areas that
might be considered for improvement in the future devel opment
of programs. While some findings presented in this paper may
be useful to tailoring content to the needs of other sexual
minorities, such as bisexual, transgender, or asexual persons, it
was decided that each of these groups is sufficiently different
to hold unique sets of needs with regard to health and
experiences of discrimination [37,38], and each merit a study
tailored to them. Given that such a scope was beyond this
project, we have focused our enquiry explicitly on the needs of
lesbians and gay men as a starting point.

Methods

Selection of E-Therapies

We included both Web-based interventions and app-based
interventions. A Web-based intervention is defined as “a
primarily self-guided intervention program that is executed by
means of a prescriptive online program operated through a
website and used by consumers seeking health and mental health
related assistance” [39]. An app-based interventionisessentially
the same as a Web-based intervention except that it is operated
through amobile phone application using phone memory and/or
the Internet.

Given that the number of Web-based interventions and
app-based interventionsislarge and rapidly growing, wefocused
on those that were provided in English and were most likely to
be effective and widely accessible for the prevention or
treatment of depression and anxiety. To build this sample, we
used four selection criteria; an intervention was included if it
met all four criteria. First, the intervention needed to provide a
recoghized therapeutic modality, as categorized by the Centre
for Mental Health Research, which refers to therapies that
engender mood/behavior change via the application of
evidence-based methods, such as cognitive behavior therapy
(CBT), acceptance and commitment therapy (ACT), and
Narrative Therapy. This eliminated general information
websites, diary apps, and other such content that would merit
aseparate enquiry and that did not match our aim of scrutinizing
structured therapies. Second, the intervention had to target
depression and/or anxiety disorders. This encompassed
generalized depression, bipolar disorder, post-traumatic stress
disorder, generalized anxiety disorder, social anxiety disorder,
panic disorder, obsessive-compulsive disorder, and socid
phobia. Third, the intervention had to be open access and
therefore more easily accessible than paid therapies. Therapies
that are free to the residents of a particular country, such as
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those subsidized by the NHSfor citizens of the United Kingdom,
were considered open access. Finally, the intervention needed
to bein English. We did not have sufficient resourcesto trandlate
non-English language e-therapies.

We used Beacon to source our sample. Beacon is a
comprehensive database of e-health publications from around
the world that is managed and regularly updated by the Centre
for Mental Health Research at the Australian National University
[12,40]. The database is compiled by a panel of expertsin the
field of mental e-health therapies and provides categorization
and ranking of e-therapies based on expert evaluation from the
panel. It stipulates classifications for all four of our selection
criteria listed above: the disorder/s covered by each therapy,
whether the therapy uses a recognized therapeutic modality,
whether it is open access, and the language/s in which the
therapy is delivered.

All Beacon-listed e-therapies were evaluated for selection on
the basis of our selection criteria. The final sample was

determined on 1% November, 2013. In all, 28 e-therapies met
the selection criteria. However, we were unable to obtain
researcher access to analyze four of the selected e-therapies.
Thus, our final sample consisted of 24 e-therapies, which
comprised 20 Web-based interventions and 4 app-based
intervention. Following final selection, a second check was
performed on the Beacon database to ensurethat no errorswere
made in the selection process.

Procedure

Our measures can be divided into “attributes’ and “content
domains’. Attributes are classifying characteristics of
e-therapies, such as their length, structure type, and whether
they have research evidence to support their effectiveness.
Content domains are measures to assess how appropriate
therapies are for leshians and gay men.

The Beacon database provided much of the attribute information
for the 24 therapiesin our sample. We focused on the length of
the therapy (short, medium, long; as categorized by Beacon),
extent of research evidence that supported the therapy’s
effectiveness as measured by number of randomized controlled
trials (RCTs) and other studies, country of origin of thetherapy,
and whether the therapy was a Web-based intervention or an
app-based intervention. In addition, we also noted whether or
not the e-therapy delivered content using scenarios: stories and
examples involving characters. This last attribute was chosen
given that e-therapies that contain scenarios have the added
challenge of developing scenarios that are inclusive; for
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example, providing stories that are not limited to heterosexual
relationships.

We then analyzed each therapy according to eight content
domains (see Table 1). These domains cover key areasinwhich
e-therapies might feasibly betailored to accommodate or appeal
to lesbians and gay men. They were derived from previous
research that has identified inequalities and challenges faced
by lesbians and gay men [16,27-29,35,36,41,42], including
issues of leshians and gay men feeling invisible or left out in
health care provisions (eg, asaresult of the practitioner overtly
assuming they are heterosexual), and inadequate provision of
resourcesthat are suited to the needs and experiences of lesbians
and gay men, which include coming out (eg, disclosing sexual
identity to family or colleagues), same-sex relationships, and
lack of appropriate references to helplines. Furthermore, we
responded to arange of stigma-related challenges as described
by Minority Stress Theory, such as discrimination, prejudice,
fear of discrimination, and internalized stigma[25]. Inthiscase,
internalized stigma refers to leshians or gay men internalizing
or adopting negative attitudes that others may have about
leshians or gay men. Werefer to these stigma-related challenges
under the broad term “homonegativity”. We aso analyzed
whether therapies avoided instances that assumed or suggested
the user was heterosexual. This involved assessing the
appropriateness of language, such aswhether atherapy referred
to one's* spouse”, which signifies marriage between aman and
awoman. It also involved assessing the range of examples and
scenarios used to deliver content within a therapy, and in
particular whether all examples that indicated sexuality only
depicted heterosexuality (eg, wives and husbands).

E-therapies wererated by thefirst author of this article on each
content domain with a“yes’ or “no”, according to the presence
or absence of content. Detailed notes were al so taken to justify
the rating and to assist with checking inter-rater reliability.
Resultswere recorded in aspreadsheet and paired with analytical
notes and references to screenshots and excerpts, and the date
when the analysis for each e-therapy was conducted. The
reliability of ratings was checked by a second independent
researcher, who was not otherwise involved in the research and
isnot an author of thisarticle. Thisindependent researcher rated
20% of the sample, totaling 5 Web-based interventions. A 97.5%
agreement was reached between the original ratings and those
of theindependent researcher. Therewas only one disagreement,
which was resolved easily through discussion and followed up
by further relevant checking to ensure the error was an isolated
one. Inall, inter-rater reliability scoresindicated ahigh level of
confidence in the accuracy of the original ratings.
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Table 1. Eight content domains used to assess the applicability of 24 e-therapies for leshians and gay men.

Content domains

1 Referred to lesbians and gay men in the introductory section of the therapy
2 Explicitly addressed homonegativity
3 Explicitly addressed coming out
4 Explicitly referred to same-sex relationships
5 Used imagery that depicted lesbians and/or gay men
6 Avoided instances that assumed or suggested the user was heterosexual
7 Provided references to mental health resources aimed at lesbians and gay men
8 Explicitly referred to leshians and gay men in other ways not captured by the above
Results were developed in Australia. This was in large part because

fewer of those from other countries, particularly the United
Kingdom and United States, were available for free and
] ] ) o therefore these did not meet our criterion of open access. Half
Table 2 summarizes attributes of the 24 e-therapies. A majority (50%, 12/24) were supported by research evidence and three of
(67%, 16/24) were targeted to the treatment of depressionand/or  oc0 \were verified by randomized controlled trials. Almost all

generalized anxiety disorder. Three-quarters (75%, 18/24) (92%, 22/24) therapies were categorized by Beacon aslong.
delivered content using scenarios. Just over half (54%, 13/24)

Profile of E-Therapies
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Table 2. Profile of e-therapies (N=24).

Rozbroj et a

E-therapy profile n (%)
Therapy type
Web-based intervention 20 (83)
App-based intervention 4(17)
Disorder type @
Depression 12 (50)
Bipolar 0(0)
Generalized Anxiety Disorder 11 (46)
Social Anxiety Disorder 3(13)
Panic Disorder 3(13)
Post-Traumatic Stress Disorder 4(17)
Phobia 2(8)
Obsessive Compulsive Disorder 1(4)
Content delivery method
Scenario 18 (75)
Non-scenario 6 (25)
Origin
Australia 13 (%9)
United States 5(21)
United Kingdom 3(13)
New Zealand 1(4)
United States/Canada® 1(4)
Israel 1(4)
Evidencerating (x/5) °
Two or more 3(13)
One 9(39)
Zero 12 (50)
Length ¢
Long 22(92)
Moderate 2(8)
Short 0(0)

#Therapies may cater to multiple disorders, therefore total exceeds N=24 (100%).

bJoint collaboration between United States and Canada.

CEvidence rating is the score awarded by Beacon to indicate the degree to which an e-therapy is supported by research evidence. Zero indicates no
evidence or no evidence of effectiveness. One indicates some evidence but no evidence from randomized controlled trials. Two or higher indicates

evidence of effectiveness, including from randomized controlled trials.
dLong: 5+ modules; Moderate: 3-5 modules; Short: 1-2 modules.

Overall Ratings

Table 3 displays numbers and percentages of therapies that
scored positively in the eight content domainsthat we examined
in our review. In al, few therapies scored in content domains
1-5. These domains concerned topics of coming out,
homonegativity, same-sex relationships, visualy depicting
lesbians and/or gay men, and acknowledging lesbians and gay

http://www.jmir.org/2014/7/e166/
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men in the introductory sections of atherapy. Examples of this
content included forum articles discussing experiences of
coming out to parents, dealing with sexuality-based abuse, and
experiences of entering the same-sex dating scene. Four (17%,
4/24) therapies were found to have references to mental health
resources aimed at leshians and gay men. In all cases, these
comprised alist of crisisreferral servicesaimed at | esbians, gay
men, and other sexual minorities. Ten therapies (42%, 10/24)
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were found to avoid instances that assumed or suggested users
were heterosexual . Instanceswhere e-therapiesthat failed to do
this included referring to a partner as a “spouse” (a term that
typically denotes heterosexual partnering) and imagery that
depicted only heterosexual relationshipsand/or nuclear families.

One e-therapy, Big White Wall (BWW), accounted for the
majority of domain scores. BWW scored in domains 1-5 and
8, while none of the other therapies scored in more than two
content domains. BWW is comprised of both
professionally-created and user-created content. The latter was
largely responsiblefor the positive scores. Professional content
actually failed to avoid instances that assumed user
heterosexuality and only scored positively in one other content

Rozbroj et a

domain, when it mentioned same-sex attracted persons twice:
in an interview transcript about “managing your differences’
and in a review of a book that included a gay character. The
count of user-generated same-sex orientation specific content
was comparably enormous. When we entered keywords into
BWW’s search box on the 20th November, we found 120
artworks and 129 forum results for the word “gay” and 56 and
57 respectively for theword “leshian”. Other keywords such as
“queer” and “homosexua” returned asmaller number of results.
The primarily inclusive nature of these posts were confirmed
on closer scrutiny, which revealed content about coming out,
family issues relating to sexuality, inclusivity, resilience,
artworks with rainbow flags, gay couples, and even a picture
protesting against Uganda’s recent anti-homosexuality Act.

Table 3. Numbers and percentages of e-therapies that scored in each content domain (N=24).

Content domains Yes, n (%)

1 Referred to lesbians and gay men in the introductory section of the therapy 0(0)

2 Explicitly addressed homonegativity 1(4)

3 Explicitly addressed coming out 2(8)

4 Explicitly referred to same-sex relationships 1(4)

5 Used imagery that depicted lesbians and/or gay men 2(8)

6 Avoided instances that assumed or suggested the user was heterosexual 10 (42)

7 Provided references to mental health resources aimed at lesbians and gay men 4(17)

8 Explicitly referred to leshians and gay men in other ways not captured by the above 1(4)

Ratings Accor ding to Content Delivery Method and
Evidence Rating

Given that e-therapies that use scenarios (eg, stories involving
characters) have the added challenge of developing scenarios
that areinclusive of marginalized populations, and may be more
appealing to users, we examined whether e-therapiesthat scored
in each of the eight domains were among those that used
scenarios. All of the therapies that had content in domains 1-5
and 7-8 were found to use scenarios. Thus, none of the
non-scenario therapies scored in these domains. In contrast,
only four of the 10 therapies that scored in content domain 6
(ie, avoided instances that assumed user heterosexuality) used
scenarioswhilethe remaining six therapies did not use scenarios.
Thus, all non-scenario therapies scored in this domain.

Assuming that better-evidenced e-therapiesare also more likely
to appeal to users, we further examined whether therapies that
scored in each of the eight content domains were among those
with research evidence. In all, therapies that scored in the
content domains were mostly those supported by research
evidence. In particular, all of the therapies that had content in
domains 1-5 and 7-8 had an evidence rating of 1 or 2, which
means that they were supported by at least some research
evidence. Of the 10 therapies that scored in content domain 6
(ie, avoided instances that assumed user heterosexuality), five
(50%) had an evidence rating of 1 or 2 and the remaining five
(50%) had an evidence rating of zero. Thus, e-therapies with
an evidence rating of zero did not score in any of the content
domains except for content domain 6. The three e-therapies
with an evidence rating of 2 or higher (ie, were supported by
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evidence from randomized controlled trials) each scored in one
domain, with one scoring in domain 1, one in domain 5, and
onein domain 6.

As suggested by the above results, there was considerable
overlap between therapies that were supported by research
evidence and those that used scenarios. Specificaly, of the 18
e-therapiesthat used scenarios, three (17%) had evidenceratings
of 2 or higher, eight a rating of 1 (44%), and seven (39%) a
rating of zero. Of the six e-therapies that did not use scenarios,
none had evidence ratings of 2 or higher, only one (17%) had
an evidence rating of 1, and five (83%) had arating of zero.

Discussion

Principal Findings

Overall, e-therapies seldom catered to the needs of lesbiansand
gay men. Most did not include content that explicitly covered
key experiences such as coming out or being in a same-sex
relationship. For the most part, the language used did not
account for same-sex attracted clients. Further, more than half
the e-therapies used content that assumed or suggested user
heterosexuality. It would appear that the experiences of leshians
and gay men were seldom considered in the development of
these e-therapies. This corroborates with past research in this
area, which has found that no existing computerized cognitive
behavioral therapy (cCBT) programs address challenges specific
to lesbians and gay men [16]. It also reinforces broader work
that demonstrates a shortage of mental health care that caters
to the needs of same-sex attracted populations[16,28,31]. This
is despite a comprehensive and growing body of research that
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showsthat therapy modesthat fail to do so can alienatelesbians
and gay men and lead to diminished therapeutic outcomes
[27,29-31,34].

Interestingly, whether or not atherapy used scenarios (ie, stories
and examples involving other characters) resulted in markedly
different content domain scores. All of the non-scenario
therapies did not assume sexual orientation in their language
and content, but they also did not record a positive score across
any of the other content domains. On the other hand, only 42%
of scenario therapies avoided instances that assumed user
heterosexuality, but some scored positively in other content
domains. This is attributable to distinctions in the structural
characteristics of the two therapy types. All therapies—both
scenario and non-scenario—were careful to address their
audience in neutral language, to cater to both sexes if nothing
else. The locus of content that assumed heterosexuality wasin
the extralayer of content in scenario therapies. These scenarios
included stories about nuclear families, heterosexual dating,
and so forth. Audio-visual content often exemplified the text
and was also problematic. This content tended to be prominent
and pervasivein therapies and failed to present non-heterosexual
alternatives. Non-scenario therapies avoided the issue of
assuming heterosexuality by not having this layer. They aso
tended to present content in a broader way; where a scenario
therapy may discuss the financia strain on John’'s marriage, a
non-scenario therapy may discuss “building positive
relationships’. Issues such as coming out or homonegativity
were too narrow to fall within the scope of the latter, just as
content specifically about heterosexual relationships was too
narrow to be explicitly addressed. This contrasted with scenario
therapies, which frequently covered heterosexual issues and
addressed specific problems such asdating or partnering. Thus,
on the one hand, non-scenario therapies expressed content
broadly, which had the effect of not excluding specific
sexualities but also not dealing with sexuality-specific content.
On the other hand, scenario therapies dealt with
sexuality-specific content but largely omitted same-sex
attraction.

In our sample, the scenario therapies were more common and
scored better on Beacon ratings of research evidence than
non-scenario therapies. In fact, the majority were supported by
research evidence, as compared to only one-sixth of
non-scenario therapies. Scenario therapies appear to bethe more
prominent therapy type, certainly within our sample, and given
that individualsare morelikely to bereferred to evidence-based
e-therapies by health professionals, the low content domain
scores and high frequency of heteronormative language in
scenario therapies may need attention in future devel opment of
programs.

Asour results show, only oneto two therapiesincluded content
that specifically addressed mental health challenges experienced
by leshians and gay men. Big White Wall (BWW) is the
program that accounted for the majority of these cases. BWW
isaUK-based therapy designed to help treat stress, depression,
and general anxiety. Beacon described it as a service that
“utilizes the principles of socia networking” [12]. This is
because while BWW offers a range of professionally created
self-help material and guided activities, it also integrates
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user-created socia support groups composed of BWW clients.
They can start forum discussions and express themselves
through art and writing. The convergence of professional and
user-generated content isintegral in BWW, which is composed
of polygenic content organized in a non-linear structure. This
differentiates it from major therapies like MoodGym, Beating
the Blues, and AnxietyOnline. Such aformat may be significant
for leshians and gay men, as positive networks have been
identified as core resilience drivers for same-sex attracted
persons [43-45].

BWW's positive scores, and the fact that user content was
largely responsible, highlights two important points. First, the
level of user posts pertaining to same-sex attraction demonstrates
the merit of incorporating social network-styled structures into
e-therapies to assist in catering to leshians and gay men. For
the many therapiesthat cater to the general population, this may
be an efficient way to provide at least some content that targets
lesbians and gay men. However, the second point is that the
stark contrast between the level of professiona and
user-generated content illustrates a disparity between supply
and demand for content that is specific to lesbians and gay men.
The volume of topics raised, many of which paralleled our
content domains, demonstrate a need by lesbians and gay men
for information and guidance that is not currently being
delivered by professional content. It also highlights that such
issues as coming out, family acceptance, and inclusivity are
important parts of the mental health experiences of leshiansand
gay men, and there is a demand for therapies to address them.
One of the particular advantages of e-therapies as a delivery
mode is their capacity to deliver tailored, targeted content,
perhaps using adaptive logic. Harnessing this capacity by
targeting specific content to a user according to their sexual
orientation isoneway of catering to lesbians and gay men within
e-therapies, but so far this appears to have been underutilized.

Limitations and Future Directions

Findings of this review are limited to e-therapies we selected.
While we chose selection criteriathat enabled adiverse sample
of e-therapies, they were nonetheless limited to those that used
therapeutic modalities (eg, CBT, ACT), targeted depression and
anxiety, were open access, and were in English. Language in
particular isanotable limitation, as there are many instances of
e-therapiesin other languages. That said, we are confident that
our sample was large and diverse enough for our findingsto be
broadly applicable to e-therapies, at least in English-speaking
countries.

Our findingswere also limited to e-therapi esthat were available
on November 2013. The etherapy landscape is changing
rapidly, with existing e-therapies constantly being modified and
new therapies being devel oped. For example, some e-therapies
that would have fit our selection criteria were not included in
the analysis because they were in research trial phases at the
time. It should be noted that SPARX—an adventure computer
game that treats depression—has recently been trided in a
“Rainbow” version for adolescents who are same-sex attracted
or questioning [16,46]. This therapy was not available at the
time of our analysis, and is only available on CD-ROM and not
currently available online. App-based interventions are
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propagating even more quickly, and we suspect that at the time
of publication of this article there will be a significantly larger
number of app-based interventions that might have fit our
selection criteria. Finally, our findings and review protocol are
limited to lesbians and gay men. We felt this limitation was
necessary because issuesfaced by other sexual minorities, such
as people who identify as bisexual or pansexual, are often
different compared to leshians and gay men [23,37,38] and may
therefore need to be handled somewhat differently in e-therapies.
In future, studies are needed to examine ways in which
e-therapies might be further improved to accommodate the
specific needs of other sexual minorities.

Degspite its limitations, our work drew a relevant sketch of the
deficiencies of current e-therapies in catering to lesbians and
gay men, and may help to guide future projectsto improvethis.
On the whole, it is clear that greater attention to the needs of
lesbians and gay men is desirable in the design of e-therapies.
Consideration should be given to the construction of
language—verbal and audio-visua—that does not precludethe
experiences of same-sex attracted persons. We acknowledge
that developers of e-therapies that are intended for a genera
audience may be concerned that adding content specifically
tailored to leshians and gay men might be off-putting to
predominantly heterosexua users. Tailoring to all eight of our
content domains may not be appropriate for all therapies, but
it may be valuable to consider whether minor changes such as
including gay or leshian-specific helplines or some
acknowledgement of same-sex attracted persons may makethe
e-therapy more attractive for these populations. As noted earlier,
using adaptive logic to tailor content to a user’s sexual identity
could be aparticularly powerful way of ensuring content meets
the needs of specific sexual identity groups without deterring
other groups. In fact, our review protocol could be useful to
developersasatool to assesstheinclusivity of their therapeutic
programs, by repeating the steps outlined in our methodol ogy
to conduct a review of their own e-therapy and to identify
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potential areas where content could be improved or tailored. In
terms of future research, we believe that further inquiry is
needed from the perspectives of same-sex attracted persons to
identify specific kinds of content that would make them feel
moreincluded and that address the specific mental health needs
of these populations.

Conclusions

In this article, we presented the findings of a review of
Web-based and app-based interventions for the prevention and
treatment of depression and anxiety with regard to the degree
to which they catered to lesbians and gay men. The majority
did not address many of the key additional factorsfor depression
and anxiety experienced by leshiansand gay men. They largely
did not acknowledge lesbians and gay men, or address core
issues like coming out, dealing with discrimination and
prejudice, or same-sex relationships. Many of the therapiesthat
used scenarios to deliver content, which tended to be the more
prominent type of e-therapy in terms of numbers and evidence
of effectiveness, also contained instances of language and
content that assumed user heterosexuality. Aswe have outlined,
past research indicates that many therapies may exclude lesbians
and gay men and in doing so may inadvertently contribute to
minority stress. This is particularly an issue given that these
populations already experience comparatively high rates of
mental health problems, are less likely to engage with therapy,
and are known to express concerns around fears of
discrimination. Our findings suggest that e-therapies could do
more to address the needs of |eshians and gay men, thusenabling
these populations to benefit more greatly from the rise of
e-therapy for depression and anxiety and to therefore contribute
to reducing disparities in mental health between heterosexual
and non-heterosexual populations. To this end, we suggest that
the review protocol developed for this study could be utilized
by developers to help monitor and improve the applicability of
e-therapies for lesbians and gay men.
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Abstract

Background: Medical progress depends on the evaluation of new diagnostic and therapeutic interventions within clinical trials.
Clinical trial recruitment support systems (CTRSS) aim to improve the recruitment processin terms of effectiveness and efficiency.

Objective: Thegoaswereto (1) create an overview of all CTRSS reported until the end of 2013, (2) find and describe similarities
in design, (3) theorize on the reasons for different approaches, and (4) examine whether projectswere abletoillustrate the impact
of CTRSS.

Methods: We searched PubMed titles, abstracts, and keywordsfor termsrelated to CTRSS research. Query resultswere classified
according to clinica context, workflow integration, knowledge and data sources, reasoning algorithm, and outcome.

Results: A total of 101 papers on 79 different systems were found. Most lacked details in one or more categories. There were
3 different CTRSS that dominated: (1) systems for the retrospective identification of trial participants based on existing clinical
data, typically through Structured Query Language (SQL) querieson relational databases, (2) systemsthat monitored the appearance
of akey event of an existing health information technology component in which the occurrence of the event caused acomprehensive
eligibility test for a patient or was directly communicated to the researcher, and (3) independent systems that required a user to
enter patient datainto an interface to trigger an eligibility assessment. Although the treating physician was required to act for the
patient in older systems, it is now becoming increasingly popular to offer this possibility directly to the patient.

Conclusions: Many CTRSS are designed to fit the existing infrastructure of a clinical care provider or the particularities of a
trial. We conclude that the success of a CTRSS depends more on its successful workflow integration than on sophisticated
reasoning and data processing algorithms. Furthermore, some of the most recent literature suggest that an increase in recruited
patients and improvements in recruitment efficiency can be expected, although the former will depend on the error rate of the
recruitment process being replaced. Finally, to increase the quality of future CTRSS reports, we propose a checklist of items that
should be included.

(J Med Internet Res 2014;16(7):€161) doi:10.2196/jmir.3446

KEYWORDS
automation; clinical trials as topic; decision support systems, clinical; patient selection; research subject recruitment

of each clinical trial depends on the successful recruitment of
patientswithin alimited time frame. The number of participants
must be sufficiently large to allow for scientifically and
gatigtically valid analysis. Unfortunately, many trials experience

Introduction

Medical progress depends on the evaluation of new diagnostic
and therapeutic interventions within clinical trials. The value
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gaps between initially planned and finally achieved participant
numbers or they need to prolong their recruitment period. Slow
recruitment delays medical progress and leads to unnecessarily
high study costs [1-3].

The main stakeholdersin the recruitment process are the patient,
the treating physician, the study nurse, and the principal
investigator. But when it comes to the details of how
responsibilities and tasks are distributed and how stakeholders
interact with one another, recruitment processes start to show
large variability. These specifics are influenced by a multitude
of factors, including whether the trial is prospective or
retrospective, the number of patientsto be screened, thefraction
of potential participants among the screened patients, the number
of participating clinics, the urgency of recruiting a patient after
discovering €ligibility, the local data protection laws, the
available funds or the organization, and infrastructure of the
clinical ingtitutions which pursue the trial.

Because of this variability in the recruitment processes,
numerous reasons for failure to include sufficient participants
into a trial were found [4-6]. On the most abstract level, these
are overoptimistic feasibility estimations of future eligible
patient numbers [7,8], the inability to motivate physicians to
approach their patients [9-12], and the inability to motivate
patients to participate [13,14].

Following increased levels of patient data capture in digital
systemsand the advent of clinical decision support systems, the
early 1990s al so saw the use of computersfor matching patients
and trial protocols. These clinical trial recruitment support
systems (CTRSS) aim to solve the issue of false feasibility
estimations, to generate a positive impact on the treating
physicians enrollment efforts, and to reduce the resources
required to set up a successful recruitment process. Although
many CTRSS have been proposed, the problemsin recruitment
persist [15,16].

In this context, Cuggia et al [17] raised the question “What
significant work has been carried out toward automating patient
recruitment?’ and reviewed the literature published between
1998 and October 2009. They found a comparatively small
number of papers related to 28 distinct CTRSS. Most of these
projects had focused on the technological feasibility of the
search algorithm and neglected assessments of the system’s
impact on recruitment in real-life scenarios. Cuggia et al
concluded “that the automatic recruitment issue is till open”
and that in 2009 it was still “difficult to make any strong
statements about how effective automatic recruitment is, or
about what makes a good decision support system for clinical
trial recruitment.”

Since then, CTRSS have become even more popular. Many
independent institutions have tackled the challenge to improve
their local recruitment processes. Large European collaborations,
such as Electronic Health Records for Clinical Research
(EHRACR) [18], and national collaborations, for example in
Germany [19], have been initiated to create information
technology (IT)-supported patient recruitment architecturesand
platforms. For the related but broader challenge of extracting
meaningful patient information from electronic health record
(EHR) data, a plethora of publications have been published in

http://www.jmir.org/2014/7/e161/
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recent years and the term patient phenotyping has been coined
[20]. Recently, Shivade et a [21] presented a review on
phenotyping techniques. They observed “arise in the number
of studies associated with cohort identification using electronic
medical records”

The rapidly growing knowledge about and the importance of
electronic patient recruitment systems warrants a new review
of the existing literature. Our objectives were to (1) create an
overview of all papers published until the end of 2013, (2) find
and describe similarities in CTRSS design, (3) discuss the
reasons for different approaches, and (4) examine whether new
projects were able to illustrate the impact of CTRSS.

Methods

Search Strategy

One of the authors (FK) searched the database PubMed with 2
queries. The first query contained keywords for publication
titles and Medical Subject Headings (MeSH) terms. Because
most recent articleswerenot yet completely indexed with MeSH
terms, a second query performed a more profound keyword
searchin all fields. Neither query was limited to a specific time
period:

1. PubMed query 1. (“clinical tria”[Title] OR “clinical
trials’[Title] OR “Clinical Trials as Topic’[MESH]) AND
(“eligibility”[Title] OR “identification’[Title] OR
“recruitment”[Title] OR “Patient Selection”[MESH] OR
“cohort”[Title] OR “accrual”[Title] OR “enrollment”[Titl€]
OR “enrolment” [Title] OR *“screening”[Title]) AND

(“electronic’[Title] OR “computer”[Title] OR
“software’[Titl€] OR “Decision Making,
Computer-Assisted’[MESH] OR “Decision Support

Systems, Clinical”[Mesh] OR “Medical Records Systems,
Computerized” [Mesh])

2. PubMed query 2: (“clinical trial”[All Fields] OR “clinical
trials’[All Fields]) AND (“eigibility”[All Fields] OR
“identification” [All Fields] OR “recruitment”[All Fields]
OR “accrua”[All Fields] OR “enrollment”[All Fields] OR
“enrolment” [All Fields] OR “screening”[All fields]) AND
(“participants’[All Fields] OR “cohort”[All fields] OR
“patients’[All Fields]) AND (“electronic’[All fields] OR
“computer”[All fields] OR “software’[All fields] OR
“automatic”[All Fields])

Both querieswere executed on January 15, 2014. After removing
all duplicates from the combined result sets of both queries, FK
screened titles and abstracts for the inclusion criteria. We then
tried to obtain the full text of al included articles for a second
screening. Finally, FK reviewed all references of the included
manuscriptsfor additiona articles. In case of uncertainty about
theinclusion of an article, it was discussed with HUP for afinal
decision.

Inclusion Criteria

Our review covers primary research articles and conference
proceedings on computer systems that compared patient data
and €dligibility criteria of a clinical trial to identify either
potential participants for a given trial or suitable trials for a
given patient. The system must have employed a computer to
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determine patient eligibility; that is, the utilization of
electronically captured datawasinsufficient if the matchmaking
processitsalf was done manually (eg, [22,23]). Manual processes
before and after eligibility determination were otherwise
accepted. Articles on the construction and processing of
eligibility criteria, although closely tied to the construction and
usage of CTRSS, were not part of this review (eg, [24,25]).
Although technically the same, we also excluded decision
support systems that identified patients for other purposes than
clinical trialsrecruitment (eg, for diagnosing [26] or phenotyping
[27]).

Classification

The classification of CTRSS was roughly based on that of a
previous review by Cuggia et a [17] to render results
comparable with one another. They included (1) the clinical
context or setting to which the system was deployed, (2) the
manner of integration into the existing clinical or recruitment
workflow, (3) the source and format of patient data and
eligibility criteria, (4) the reasoning method employed to derive
eligible patients, and (5) the outcome obtained by the system’s
application to one or more clinical trials.

Figure 1. Flow diagram on the process of literature selection.
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Results

Included Studies

The 2 PubMed queries together yielded 1693 articles. A total
of 1581 articles were removed from the literature pool based
on their titles and abstracts. After removal of 8 articles that
could not be obtained as full text and 21 duplicates, we arrived
at 83 digtinct articles, of which 60 were included in the
qualitative analysis after review. Inall, 5 of the excluded articles
described other supportive measures for tria recruitment, 4
were deemed nonscientific (eg, commentaries), 6 described
manual systems or the mode of eligibility determination was
not clearly stated, 3 constituted general contributions without
arelation to aspecific CTRSS, 3 focused on the representation
of eligibility criteriain acomputableformat, and 2 articles dealt
with other topics (eg, phenotyping, personalized medicine). We
obtained 41 additional articles through references and arrived
at afinal pool of 101 articles[3,28-127] on 79 different systems.
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram [128] in Figure 1 shows
the different phases of the article selection process.
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Results Structure

Multimedia Appendix 1 shows alist of al articles grouped by
system and ordered by first publication date (objective 1). It
also summarizes the CTRSS characteristics according to the
categories described subsequently. In the following sectionson
CTRSS characteristics, weidentify and describe CTRSS groups
with similar features (objective 2). We aso speculate on
environmental characteristics that led the devel opersto favor a
group or reject another (objective 3). All evidence for theimpact
of CTRSS on patient recruitment is presented in Outcomes
(objective 4).

Figure 2. Number of publications on CTRSS per year.
12
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Characteristics of Included Articles

Regarding system maturity, 12 articles reported on a CTRSS
concept that was not implemented yet. A total of 42 articles
described a prototypical implementation, often including
performance tests, but no application to arunning clinical trial.
Another 47 articles described fully matured systems that were
used to recruit patientsinto at least 1 trial. First publicationson
CTRSS dated back to 1990. However, there were no more than
3 publications per year until 2003. Since then, 7 articles per
year were published on average, so that nearly 80% of all articles
were from the past 10 years (Figure 2).
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Clinical Context and Scope of Application

CTRSS have been implemented and used in trials in a wide
variety of clinical domains. Still, many systemswere evaluated
for only 1 trial or trialsfrom the same domain. With 17 CTRSS
in this domain, oncology (especially breast cancer) was found
particularly often. This domain may be favorable becauseit is
research intensive with many open trialsand exceptionally large
available volumes of patient data and funding. The
functionalities and algorithms of the CTRSS seemed largely
independent from the clinical domain. Thus, no author precluded
the use of their system for clinical trials from other domains
and many actually suggested it.

The accuracy of aCTRSS depends on the available patient data
and its effect depends on the organizational environment in
which it operates. Therefore, each CTRSS should be evaluated
for alarge number of trials and at multiple sites to increase the
reliability of reported resultsif possible. Many authors observed
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this: 43 articles reported on using their system for more than 1
trial (11 did not name an exact figure) and 14 CTRSS were
intended for use at multiple sites. In comparison, 37 reports
evaluated a CTRSS for asingle trial and 62 CTRSS were used
at asingleingtitution. Inall, 11 papersfailed to give the number
of trialstheir CTRSS had been evaluated or used for.

Wor kflow Integration

Overview

Every CTRSS has 2 points of contact with the recruitment
workflow of aclinical trial. The first is the trigger that causes
the system to assess the eligibility of one or more patients. The
second is the communication of the assessment’s results (eg, a
list of potential trial participants) to the system’s user.

Trigger
Oneway to trigger the eligibility assessment isto have the user
or an administrator execute a manual process. Manual triggers
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are both the easiest to implement and the most commonly found.
They are sufficient for cases in which patient data are entered
into the CTRSS by the user who can subsequently view patient
eligibility in an interactive fashion. The user can be aphysician
[38,88] or the patient [59,79,112]. Manual triggers are aso
sufficient for casesin which an eligibility assessment isrequired
only once to generate a patient list, which is not expected to
change during the tria’s recruitment phase. The latter is
generally the casefor retrospectivetrials and feasibility studies.
Typical examplesinclude Payne et al [97], Thadani et a [115],
and Kdpcke et al [69] who required an administrator to develop
a Structured Query Language (SQL )-based query. Based on 16
years of COSTAR research queries, Murphy [85] created the
graphical interface Informatics for Integrating Biology and the
Bedside (i2b2) to allow investigators to parameterize query
templates themselves.

For trialsthat require regular re-eval uation of patient eligibility
because of changing patient data over time, manual triggersare
generaly inefficient and are replaced by automatic triggers.
Automatic triggers can start eligibility assessments periodically
at giventimeintervals[40,122] or in reaction to particul ar events
in the hospital information system (HIS) [28,44,48,60].
Time-based triggers are generally easier to implement than
event-based triggers. The interval length between assessments
depends on the requirements of each trial and the computing
time required for an assessment. It is usually set to a value
between several minutes and 1 day. For trials that require an
immediate reaction to new patient data by trial staff and for
trials with comparatively rare potential participants, trigger
events are preferred. Such triggers include the availability of
new data or the admission of a patient.

Communication

Theresults of an eligibility assessment must be communicated
somehow to the CTRSS user. The primary factor of influence
when choosing a mode of communication is the target user
group. If patients are supposed to use the CTRSS, it is most
common to offer a separate user interface that interactively
displays potentially fitting trials and/or a score indicating the
patient's fit with a certain trial [32,59,72,79,109,112,125].
Exceptions are found if the patient is interested in future trials
instead of ones that are currently recruiting. In these cases,
patients enter their health datainto aregistry or apersona health
record and they are notified by email as soon as afitting trial
isdetected [61,125]. If the CTRSS has no clinical/research user
(ie, the direct user is IT staff), it usually transforms the raw
result of the reasoning algorithm into a patient list which is
subsequently handed out to the researcher
[60,80,103,105,115,119]. This is the preferred mode of
communicationif eligibility assessmentsare only required once
[69,97]. However, when the target users are either treating
physiciansor clinical investigators, the mode of communication
also needs to accommodate data security regulations and the
trial’ stemporal requirements. Pagers seem to be the only option
if the user needs to react immediately to new patient data, such
as critical laboratory values [41,63]. When time is of less
importance, emails are chosen to deliver both proposals for
single patients and patient sets alike [34,45,106,124]. A
recurring scenario is that the physician or nurseis reminded of
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atrial during their first consultation. To achieve this, alerts or
flags are placed in the EHR which appear at a convenient
moment and often alow direct evaluation of the patient’s
eligibility [104,121].

When coupled with simultaneous messages, automatic triggers
have the disadvantage of easily initiating alerts or prompts at a
time when the user is not prepared to answer them. Untimely
messageswill causethe receiver to ignore them. The same effect
occurs for systems with a large share of false positive alerts.
This alert fatigue is regularly mentioned as a problem for
CTRSS efficiency and acceptance. Numbersfor the fraction of
alertsthat are actually reviewed by thereceiver range from 25%
[60], more than 30% to 40% [52], and 56% [105] to less than
70% [62]. For Ruffin [105], even “numerous prompts and
remindersand customized requests’ could not solve the problem.
Additionally, Embi and Leonard [52] found that response rates
declined at arate of 2.7% per 2-week time period.

Knowledge Representation and Data Sour ces

Overview

The core technical functionality of aCTRSS isthe comparison
of eligibility criteria with the electronically available patient
data. According to Weng et a [124], the processis characterized
by 3 aspects. “the expression language for representing
eigibility rules, the encoding of eligibility concepts, and the
modeling of patient data” The underlying problem is that
eligibility criteriaare amost alwaysgivenin narrativeformand
need to be trandated into a structure that can be interpreted by
the CTRSS. The sameistrue for the patient data, which needs
to be analyzed to identify concepts that match the eligibility
concepts before devel oping the eligibility rules themselves.

Source of Patient Data

Most authors choose the data source for their CTRSS according
to availability and accessibility. Few CTRSS designs are based
on a comparison of different potential data sources (eg, for
timeliness or comprehensiveness). Nevertheless, the reuse of
existing patient data for the purpose of recruitment is common
practice: 64 CTRSS relied on data that was collected for other
purposes originally. A total of 5 monitored the health level 7
(HL7) messages of aclinical information system, 46 of them
read patient data directly from the EHR of the hospital or general
practitioner, 12 used a data warehouse, and 1 used a clinical
registry. In this order, these data sources increasingly collect
and integrate patient data over time, software applications, and
institutions, which makes accessto the data of large patient sets
comparatively easy. However, more integrated data often means
the data source becomes increasingly detached from its origin
as well (ie, some information is lost during processing and
delays between the documented event and availability of the
corresponding data grow). For some trials, such delays are
unacceptable because trial staff need to be notified as soon as
possible for specific events. Specialty subsystems, such as an
electronic tracking board [3,29] or the messages exchanged
between these systems[54,76,98,101,121], need to be monitored
directly in these cases. A total of 3 CTRSS preloaded patient
characteristics from the EHR and prompted the physician to
complete missing data [90,94,95]. Wilcox et a [125]
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conceptualized a CTRSS that integrated EHR data and the
personal hedlth record of a patient. Only 16 CTRSS made
exclusive use of datathat were entered directly into the system
itself by the physician (n=8), the patient (n=7), or an investigator
(n=1).

Terminologies

The CTRSS devel oper can choose the terminology for clinical
concept names arbitrarily if patient dataare entered only for the
purpose of eligibility assessment. However, if patient data are
taken from an already existing data source, most developers
chose to reuse the terminologies found there. A total of 66
articles did not mention the use of any terminology. Of these,
5 performed pure free-text analysis and did not necessarily
require terminol ogies. Of those papers that did mention the use
of a specific terminology, 16 named the International
Classification of Diseases (ICD). This makes sense because it
is aso the terminology most commonly used within EHRSs.
Therewere no other widespread terminologies used for CTRSS.
The Unified Medical Language System (UMLS) appeared in 6
publications and the Medica Entities Dictionary (MED),
Systematized Nomenclature of Medicine Clinical Terms
(SNOMED CT), and Logical Observation Identifiers Names
and Codes (LOINC) in only 3, respectively. In al, 10
terminologieswere each used in only 1 CTRSS, such as Cerner
Multum, Nationa Drug Code, Hospita International
Classification of Diseases Adapted, Read, NCI-Thesaurus
(NCI-T), and 837 hilling data, or in 2 CTRSS, such as MeSH,
NCI Common Data Elements (CDE), and Current Procedural
Terminology.

Intermediary Criteria Format

Terminologies are usually chosen to suit the available patient
data, whereas the intermediary criteria format is strongly
associated with the reasoning method of the CTRSS. The SQL
is the most frequently found representation of criteria logic.
Unfortunately, the CTRSS literature lacks details on the
representation of criteria expressions. A comparison of the
eligibility criteria as given in the study protocol and their
representation in the CTRSS is rare; 49 papers gave no
information on the chosen format of eligibility expressions.

Translation Process

With afew exceptions, thetrand ation processto make eligibility
criteria processable for the computer seemed to be a manual
one. For 51 CTRSS, the administrator was responsible for
reading thetria protocol, mapping clinical conceptsto thetarget
terminology, and creating eligibility expressions. This is the
most efficient processin clinical settingsthat generatefew trials
per researcher because teaching costs are minimized and
experience is concentrated in 1 person. Yet, a notable fraction
of the CTRSS offered the user an interface to select eligibility
criteria autonomously from a small [38] or large [43] set of
predefined criteria. Having the user trandate the eligibility
criteriaof atrial is primarily meaningful for feasibility studies,
giving aresearcher the meansto dynamically modify the criteria
for anew trial and to instantly receive feedback for the change's
influence on the expected number of participants.
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Lonsdaleet a [75] proposed natural language processing (NLP)
to support the trand ation process. They read digibility sentences
fromthetrial registry Clinical Trials.gov, parsed themto retrieve
logical forms and mapped concepts to standard terminologies
to generate executable Arden syntax Medical Logic Modules
(MLMs). The process succeeded for 16% of all criteria from
85 randomly chosentrials[74,75]. Zhang et a [127] and Kdpcke
et a [70] proposed case-based reasoning algorithmsfor free-text
and structured patient data, respectively. These algorithms did
not require the tranglation of eligibility criteria into rules, but
tried to determine the unknown eligibility of new patients by
comparing them with a set of patients with known eligibility
status.

Reasoning

Overview

Closely tied to the previously described CTRSS characteristics
isthereasoning processitself (ie, the method to assess whether
the available data for a patient suffices for the conditions set by
the trial’s digibility criteria). Almost al CTRSS “perform
‘pre-screening’ for clinical research staff” [115] instead of trying
to determine the actual €eligibility of a patient. They do not
replace manual chart review, but act as a filter that limits the
number of patientswho require such by selecting the most likely
candidates. The presentation of reasoning details, such as a
probability of eligibility or missing patient characteristics
together with the screening list, can facilitate the manual
screening process even further.

Thedominance of relational databasesfor the storage of patient
data entails that most CTRSS employ database queries
somewhere in the reasoning process. Consequentially, most
CTRSSare based on an elaborate query or aset of subsequently
executed queries per trial [3,45,64,126]. If the result set of
potentially eligible patients is sufficiently accurate, no further
processing is required.

Some authors demonstrated the feasibility of more exotic
reasoning methods. A total of 4 CTRSS used Arden syntax to
control the reasoning process|[64,75,91,95]; 3 CTRSS employed
an ontologic reasoner after transforming eligibility criteriaand,
in 2 cases, patient data into separate ontologies [35,72,96].
However, although technically interesting, the authorsfailed to
convey the advantages of these algorithmswhen compared with
the af orementioned simpler ones.

Dealing With I ncomplete Data

Some CTRSS designers paid particular attention to missing
patient data. Tu et a [119] developed 2 methods for dealing
with this problem. In their qualitative method, each criterion
was attributed 1 of 5 qualities according to a patient’s concrete
data: patient meets the criterion, patient probably meets the
criterion, no assertion possible, patient probably fails the
criterion, and patient fails the criterion. Specific rules for each
criterion derived one of these qualities from the patient’s data
or assign default values. In their probabilistic method, a
Bayesian belief network was manually constructed for each
trial. The network represented variables as nodes and
dependencies aslinks between nodes. All nodes and linkswere
given probabilities based on legacy data or experts. If data for
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a variable were found, the variable was given a probability of
1 or zero; otherwise, the default probabilities were used. When
all available data for a patient were retrieved, a probability for
the patient’s eligibility could be calculated. This probabilistic
approach was applied again later by Papaconstantinou et al [94]
and Ash et al [31]. Bhanja et al [36] suggested that scalability
aswell astime and design complexities discouraged the use of
probabilistic approaches.

Natural Language Processing

The wish to include unstructured (ie, free-text) data could also
warrant the utilization of complex reasoning agorithms.
Keyword searches were often employed when no structured
data elements were available [29,41,73,93,101,106,110]. They
could easily be added to complement queries of structured
patient data[3,66,98,124]. Pakhomov [93] compared akeyword
search with 2 other NL P methods: naive Bayes and perceptron.
Naive Bayesyielded the best sensitivity (95% vs 86% and 71%
for perceptron and keyword search, respectively) and perceptron
offered the best specificity (65% vs 57% and 54% for naive
Bayesand keyword search, respectively). Although performing
worst of all methods, the advantage of using a simple keyword
search liesinits easy implementation (no need for training data)

Kopcke & Prokosch

and transparency. In a similar comparison, Zhang et a [127]
found regular expressions outperformed a vector space method
and latent semantic indexing to achieve accuracy similar to a
specifically developed method called subtree match. However,
they also proposed algorithms for automatic keyword and
subtree generation, which could offer distinct potential for
automation.

Sensitivity-Versus-Specificity Tradeoff

Independent from the chosen reasoning, the inclusiveness of
each CTRSS s subject to the desires of its user. Ultimately, the
setup of a CTRSS “requires sensitivity-versus-specificity
tradeoffs’ for each trial [119]. The upper limit to specificity
might be determined by the fit between available patient data
and eligibility criteria, whereas its lower limit is simply
determined by what the user iswilling to accept (Figure 3). The
required level of sensitivity islimited by the availability of trial
participants. Sensitivity should be chosen aslow as possible to
increase specificity and, thus, reduce recruitment workload. In
practice, however, when the CTRSS is motivated by alack of
participants for a specific trial, maximum sensitivity is
imperative and low specificity must be accepted [49].

Figure3. Thesensitivity and specificity of patient proposals from most CTRSS depends on the configuration of the reasoning a gorithm. The devel oper
isfreeto favor specificity over sensitivity or vice versa, depending on conditionsthat arelikely to be different for each trial. Frequently relevant conditions
are user acceptance, the availability of patient data, and the availability of participants compared to the required number.
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Outcome

Overview

All studiesin this review shared the common goal to improve
the recruitment process of clinical trials. However, calculating
the performance of the CTRSS in terms of specificity and
sensitivity aloneis, at best, a secondary indicator for its effect.
Direct comparison with the manual recruitment process with
regard to its effects on one or more of the following 3 variables
should be favored: (1) the pure number of trial participants (ie,
the effectiveness of the recruitment process), (2) the cost to
recruit a given number of patients in terms of money and/or
time (ie, the efficiency of the recruitment process), and (3) the
quality of the collective of trial participants (eg, measures for
selection bias and dropouts). All reported system effects were
weighted according to the scientific quality of the evaluation
as (1) reliable quantitative measurement, (2) quantitative
measurement with insufficient description of or flawed method,
or (3) survey or estimation (corresponding to A-C in Multimedia
Appendix 1, respectively).

I mpact on Recruitment Effectiveness

We found 5 papers that reliably quantified differences in
recruitment effectiveness between manual and CTRSS-supported
recruitment. Embi et al [49] reported on a doubling of
physician’s enrollment rate from 3 to 6 per month, which was
attributed to a concurrent significant increase in the number of
referring physicians from 5 to 42. The CTRSS presented by
Cardozo et al [41] increased identification of eligible patients
from 1 in 2 months to 6 in 2 months after physicians failed to
generate pager notifications in time. Herasevich et a [63]
doubled monthly enrollment ratesfrom 37 in approximately 8.5
months to 68 in approximately 9 months in a time-critical
setting. They attributed the effect to the change from imprecise
clinical notes (manual process) to specific physiologic criteria
(automated process) as the basis for eligibility evaluation.
Beauharnais et al [34] also doubled recruitment, in this case
from 11 patientsin 63 daysto 20 patientsin 62 days. The effect
seemed to correlate with an increase in screening efficiency that
similarly doubled the number of screened patients. A
comparatively minor increasein recruited patients of 14% from
306 to 348 in the same week was reported by Képcke et al [69]
who addressed pure oversight of otherwise well-organized
manual recruiters. They also found 7% of the manually included
patients did not fulfill the trial’s eligibility criteria.

Laneet al [71], Tu et a [119], and a research group from the
University of South Florida [55,56,68,88] ran their respective
CTRSS on legacy patient dataand eval uated how many of those
patients found potentially eligible by their system were actually
enrolled in the past. These works only showed an upper limit
of CTRSS effectiveness because it was unclear whether
“physicians actually missed the matches, rather than having
undocumented reasons for omitting them” [56]. Similarly,
Weiner et al [122] described an increase in the number of
eligibility aerts sent to the trial investigator. Again, these can
only bean upper limit for the effect of the CTRSS on enrollment
because the physician’sreasonsfor not alerting the investigator
were unclear. It is possible that the physicians judged patients
unfit for the trial for reasons beyond the criteria that were
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considered by the CTRSS or that the patients were unwilling
to participate. Séroussi and Bouaud [108], Weng et a [124],
and Treweek et al [118] compared the effectiveness of their
CTRSS with conventional methods of recruitment by running
themin parallel over the whole study period. However, the lack
of enrollment numbersfor apreceding phase without the CTRSS
made it impossibleto quantify the effect of the CTRSS. Finally,
Ferranti et a [54] reported an increase in recruitment numbers
by 53%. Although we found their methodology suitable, the
authors failed to discuss reasons for a sharp increase in
recruitment numbers 2 months before introduction of the
CTRSS.

Impact on Recruitment Efficiency

We judged 4 papers to reliably quantify differences in the
efficiency of a CTRSS and the manua recruitment process.
Thompson et a [117] reduced the screening time required per
eigible patient from 18 to 6 minutes (66%) in a 2-week
evaluation of their CTRSS prototype. This reduction was
achieved solely through a higher fraction of eligible patients
among screened patients, whereastheindividual screening time
was actualy higher for patients proposed by the CTRSS.
Penberthy et al [98] verified this circumstance for 5 additional
trials, achieving screening time reductions of 95%, 34%, 86%,
and 34% in 4 trials and an increase of 31% in 1 trial. Again,
time savings resulted from screening fewer noneligible patients,
whereas individual screening time remained unchanged.
Therefore, the benefit in efficiency was found to depend on the
specificity of the CTRSS. Nkoy et a [3] decreased screening
time from 2 to zero hours daily with no manual control of the
patient list generated by their CTRSS. They trandated these
time savings into cost savings of US $1200 per month.
Beauharnais et al [34] halved screening time from 4 to 2 hours
daily, measuring manual and CTRSS-aided recruitment over
60 subsequent days, respectively. They concluded that “the use
of an algorithm is most beneficial for studies with low
enrollment rates because of the long duration of the accrual
period.”

Following a proposition by Ohno-Machado et a [90], the
aforementioned research group from the University of South
Florida [55,56,68,88] presented a unique approach to increase
screening efficiency. Through ordering of the necessary clinical
tests for eligibility determination in such a way that cheap but
decisivetestsweredonefirst, they expected areduction of costs
by 50%. The cost of each test and the number of clinical trials
and eligibility criteriathat required atest’sresultswereincluded
in the caculation. Unfortunately, the evaluation of the
methodology was based on retrospective data and it remained
unclear how the cost for tests without reordering were
calculated. Seyfried et al [110] reported decreased screening
time, but used the same dataset with the same test physicians
for both manual and CTRSS-aided screenings (50 patients,
1-week interval). Furthermore, the CTRSS appeared to be
trained with the same dataset on which it was tested later.
Thadani et a [115] and Schmickl et al [106] did not directly
measure screening time decreases, but stated that they could
imagine screening only patients proposed by their respective
CTRSS to be sufficient, reducing the patient pool by 81% and

JMed Internet Res 2014 | vol. 16 | iss. 7 [e161 | p.105
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

76%, respectively. Obviously, such a strategy would require
the CTRSS to feature a sufficiently high sensitivity.

Impact on Recruitment Quality

Only Rollman et al [104] compared the characteristics of patient
sets after manual and CTRSS-aided recruitment. To this end,
they observed 2 subsequent trialswith similar eligibility criteria,
the same recruitment period of 22 months and the same 4
recruiting primary care physicians. They found that usage of
the CTRSS significantly increased the proportion of male
nonwhite patients, as well as the fraction of patients with more
severe disease grades.

Discussion

Principal Findings

There are some CTRSS setups that reappear on aregular basis.
Firstly, for the retrospective identification of trial participants
based on existing clinical data, database queries are designed
and executed once or on aregular basis. They create alist of
potentially eligible patientsthat is printed on paper or otherwise
delivered to the researcher. Secondly, for trials with short
windows of opportunity for recruitment, akey event inthe EHR
or another health IT component is constantly monitored. Its
occurrence causes amore comprehensive eligibility test for the
concerned patient and is communicated to the researcher via
pager. Thirdly, if no patient data exist yet, it is entered directly
into the CTRSS, which assesses and communi catesthe patient’s
eligibility directly after completion of data entry. Although the
treating physician was required to act for the patient in older
systems, it is now becoming increasingly popular to offer this
possibility directly to the patient via dedicated websites. Our
review confirmsthe findings of Weng et al [129] who also gave
names to these CTRSS types: (1) mass screening decision
support, (2) EHR-based recruitment alerts, and (3) computerized
research protocol systems and Web-based patient-enabling
systems (depending on the user).

The setup of aspecific CTRSSisrarely chosen on atheoretical
background (ie, after an evaluation of different options for
triggering the system and communicating the results). Instead,
the setup isdictated mostly by the existing clinical environment,
available IT tools, and the needs of a specific trial or group of
researchers. Because CTRSS are a subset of clinical decision
support systems (CDSS), it will generally be possible to
configure existing CDSS such that they assume CTRSS
functionalities (eg, [50,64,86]).

Limitations of the Review

Our review is limited in that the collection of publications and
extraction of information from these publications was done by
only 1 author. We reduced the impact of this approach by
refraining from any interpretation of the given information in
this step. Nevertheless, we cannot preclude mistakes, especialy
when stating that no or unclear information on acertain CTRSS
characteristic was found in an article. Furthermore, all
unreferenced statements made in this review reflect only the
opinion of the 2 authors and are subject to discussion by the
research community.
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Comparison With Previous Review

Our review of 101 CTRSS publications offers the most
comprehensive and up-to-date overview on CTRSS. Compared
to the previous review paper by Cuggia et a from 2011 [17],
which analyzed 28 CTRSS from articles published before
October 2009, we identified an increase of publications in the
subsequent years. These more recent publications present more
dataon theimpact of CTRSS on the recruitment process, which
we discuss subsequently. Of the 7 tendenciesin CTRSSresearch
formulated by Cuggia et a, al but the exclusive reliance on
structured dataappear to continue. We found many CTRSSthat
include unstructured data as a data source, although many of
them are limited to keyword searches. There are 3 additional
lessons we believe can be learned from the existing research,
which are described subsequently.

Lack of standards is not limited to the terminologies of the
patient data source, but also applies to the computational
representation of eligibility criteria. Although researchers have
proposed independent languagesto encode the free-text criteria
of a trial’s protocol (eg, ERGO [130], EliXR [131]), most
CTRSS bind the representation of eligibility criteriain 2 ways
to the specifics of their environment: (1) to the terminology of
the patient data source and (2) to the chosen reasoning method.
We believe independent and exchangeable eligibility criteriato
be desirable because multisite trials have become the norm.
However, judging from the experience so far, readily encoded
criteriawill need to be the norm in tria protocols before they
will be adopted by CTRSS designers. Tools to help translate
the criteria into SQL statements could speed up the adoption
process.

The choice of the reasoning method should consider its
pervasiveness (ie, how easily third parties interested in its
deployment can learntoinstall and administrateit). Considering
this, no other method seemsto be as suitable for CTRSS as SQL
querieson relationa databases. Queries can make use of existing
datafrom the EHR, adatawarehouse (DWH), or aregistry and
their administrators are likely to be experienced creators and
users of such queries. Resistance to adopt and maintain an
additional query-based system is likely to be small compared
to CTRSS that require additional training in one of the less
widespread technol ogies, such as probabilistic methods or Arden
syntax. Although complex reasoning methods have been shown
to achieve high accuracy, it is unclear whether they lead to an
increased CTRSS impact compared to queries.

Using patient care data promises efficiency and effectiveness
gains for a CTRSS. But, because it is collected for other
purposes, it alsointroduces new challenges[131]. It isimperfect
from the viewpoint of eigibility assessments because it lacks
uniformity (the sasmeinformation can be documented differently
for 2 patients), timeliness (information might be documented
too late), and completeness (information might be missing for
some or al patients). Uniformity and completeness problems
can lead to severe selection bias and increase the cost of
eigibility rule creation. For example, low uniformity
necessitates an analysis of documentation habits; low
completeness might enforce the use of proxy data [78] or
estimates [90]. Timeliness must be ensured by the
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documentation process, which might resist change. Untimely
data will severely limit the possibility to support a tria,
especiadly in outpatient settings [46]. Thus, unfit data can
congtitute amajor limitation to CTRSS impact.

First Conclusionson Clinical Trial Recruitment
Support Systems | mpact

We suggested that theintroduction of a CTRSS can be motivated
by 3 expectations: (1) an increase in the number of participants
for agiven clinical trial or aset of trials, (2) areduction of trial
costs through decreased screening costs, and (3) the guarantee
to select a representative set of patients (ie, the reduction of
selection bias). Many authors do not elaborate on the
shortcomings of the manual recruitment process that led to the
development of their CTRSS.

Whether aCTRSSisableto increase the number of participants
for atria depends little on its setup, but rather on the deficits
of the manual recruitment processit is set to replace. To begin
with, an untapped group of potentia participants (ie, a gap
between those patients who are eligible and those who are asked
to participate) needs to exist. This gap originates from some
patients not being screened at al or from communication
problems between the different actors of the recruitment process.
Thus, a CTRSS can close this gap if it can ensure that every
patient is screened and that the necessary information on the
patient and the trial isavailablein time.

Often, aCTRSS s expected to close the gap between estimated
and realized participant numbers or that between eligible and
recruited patients or even the gap between needed and available
patients. These expectations are likely to be disappointed. They
disregard that many causes for insufficient recruitment are out
of the scope of a CTRSS or simply cannot be addressed by an
IT intervention. The most important is a willingness of the
patient to participate and motivation of physiciansto participate
in recruitment. The analysis of the existing recruitment process
and its weaknesses should, therefore, be part of every CTRSS
design process. Weng et al [123,124] give examples on how to
do this. They characterize patient eligibility statusin different
categories, such as potentialy eligible, approachable,
consentable, eligible, and ultimately enrolled. By comparing
the ratio of patients in each category, such taxonomy can be
used to identify the weak spots in recruitment that need to be
addressed by the CTRSS.

Although the effectiveness of a CTRSS is determined by its
setting, improvements in screening efficiency might be more
generally achievable. Many successes to reduce screening time
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are based on using existing data to reliably exclude patients
fromthe screening list (ie, the CTRSS generates no or few false
negatives). In this way, the CTRSS can be used to reduce the
number of patients that must be screened manually. Under the
reasonable assumption that documented data are correct, but
not all patient characteristics are documented, we believe
CTRSS should focus on the exclusion criteriaof aclinical trial
to maximize efficiency gains. No final eligibility decision should
be based on thetrial’sinclusion criteria because this can reduce
the sensitivity of the CTRSS and motivate the screeners to use
other screening methodsin parallel. To realize efficiency gains,
the CTRSS must completely replace the former screening
process. This also means that the aim to increase recruitment
efficiency is opposed to the other 2 potential aims of a CTRSS
which profit from running multiple screening methods in
parallel.

Thepotential benefit of a CTRSS on the composition of atria’s
participants has been insufficiently explored so far. Because
patient demographics should be easily obtainable for all
experiments comparing manual and CTRSS-aided recruitment,
we suggest including them in future publications.

Future Directions

Wefound most articles describe the characteristics and operating
principles of their CTRSS reasonably well, but all lacked in
someregard. Intermediary criteriarepresentation, terminologies
of the patient data, and an evaluation of the system'’s effects
were often missing. Many authors present prototypes of their
CTRSS directly after finishing its design and fail to report on
its outcome and usage. We encourage more follow-up
publications on the experiences with existing CTRSS such as
those by Embi et a [51], Embi and Leonard [52], and Dugas et
al [47]. To strengthen the comprehensibility and usefulness of
future reports, we propose alist of essential elementsthat should
beincluded (Textbox 1).

In their review of patient cohort identification systems in
general, Shivade et a [21] found a“growing trend in the areas
of machine learning and data mining” and believe these
necessary to develop generalizable solutions. For CTRSS in
particular, this trend has not yet manifested in the literature.
Only Zhang et a [127] and Kdpcke et a [70] report on
experimentsto exploit these techniquesfor recruitment purposes,
but both are still in aprototype stage. Machinelearning promises
moreindependence from theindividual representation of patient
data in a hospital and better portability. Still more data are
needed to assess advantages and disadvantages and to explore
hybrid solutions.
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Textbox 1. Essential elements to be included in future CTRSS studies.

Kopcke & Prokosch

Clinical Context

1. Number of trialsthat the CTRSS has been evaluated for
2. Length of time the CTRSS has been in use

3. Brief description and number of sites that use the CTRSS

Input
Representation format of dligibility criteriain the CTRSS

Details on the trandlation process

Representation of patient datain the CTRSS

o o o~ W NP

Details on the patient data source (eg, purpose, terminologies)

Working Principle
1.  What triggers an eligibility assessment?
2. How are€ligibility criteriaand patient data compared?

3.  How istheresult of the assessment communicated, when isit communicated, and to whom?

Outcome

1. Recruitment process before introduction of CTRSS including perceived problems

2. Recruitment process following introduction of CTRSS

3. Patient numbers and time spent for each step

Comparison of original and computable eligibility criteriafor an exemplary trial

Summary of how well the eligibility criteria could be translated for al other trias (if any)

Current publicationsin the area of CTRSS are till too focused
on—and sometimes limited to—technical aspects of system
setup and the accuracy of itseligibility assessment. After review
of most of the existing literature, we believe that the impact of
a CTRSS on a given recruitment process is determined more
by the context of the CTRSS (ie, the available patient data, its
integration in trial, and clinical workflows and its attraction to
users). Therefore, what is needed are research projects to
evaluate how a CTRSS can be embedded in different recruitment
workflows, the characteristics of trialsthat profit from CTRSS,
different designs for user interaction, and the outcomes of
CTRSS in relation to these parameters.
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Abstract

Background: The number of medical studies performed through online surveys has increased dramatically in recent years.
Despite their numerous advantages (eg, sample size, facilitated access to individuals presenting stigmatizing issues), selection
bias may exist in online surveys. However, evidence on the representativeness of self-selected samplesin online studiesis patchy.

Objective: Our objective wasto explore the representativeness of a self-selected sample of online gamers using online players
virtual characters (avatars).

Methods: All avatars belonged to individuals playing World of Warcraft (WoW), currently the most widely used online game.
Avatars' characteristics were defined using various games' scores, reported on the WoW'’s official website, and two self-selected
samples from previous studies were compared with arandomly selected sample of avatars.

Results: We used scores linked to 1240 avatars (762 from the self-sel ected samples and 478 from the random sample). The two
sel f-selected samples of avatars had higher scores on most of the assessed variables (except for guild membership and exploration).
Furthermore, some guilds were overrepresented in the self-selected samples.

Conclusions:  Our results suggest that more proficient players or players more involved in the game may be more likely to
participate in online surveys. Caution is needed in the interpretation of studies based on online surveys that used a self-selection
recruitment procedure. Epidemiological evidence on the reduced representativeness of sample of online surveys is warranted.

(J Med Internet Res 2014;16(7):€164) doi:10.2196/jmir.2759

KEYWORDS
Internet; bias; online survey; self-selection; random sample; World of Warcraft; massively multiplayer online role-playing

data collection can be simpler and more reliable compared to
traditional paper-and-pencil dataentry procedures. Some studies
suggest that the quality of the data provided by Internet-based

Introduction

Anincreasing number of medical and psychological studiesare
performed through online surveys. Compared with face-to-face
interviews, Internet-based surveys can quickly reach more
potential participants, reduce measurement error and biasrelated
to answers on stigmatizing topics, and enhance the inclusion of
least represented or “quasi-secret” and stigmatized population
groupsthat are usually difficult to reach and recruit [ 1-5]. Costs
can be more easily contained with Internet-based surveys, and

http://www.jmir.org/2014/7/e164/

surveysis at least as good as in those collected by traditional
paper-and-pencil methods on self-selected samples [6-8].

Some Web surveys have been based on the assessment of a
whole population or on samples obtained using random sampling
procedures (ie, a sampling technique whereby al individuals
in the population have an equal chance of being selected, eg,
emailing a random sample of students in a university). For
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instance, Internet-based surveys among students enrolled by
email have generated valid and reliable estimations of substance
use[3,9,10], comparableto those obtained in studiesthat applied
ordinary mail invitation letters or phone calls to recruit
participants.

Many Web studies are, however, self-selection surveys [11]
that are not based on probability sampling [12], particularly in
health-related studies. Websitesand online social networks such
as Facebook appeared to be a viable recruitment option for the
assessment of health behaviors [13,14]. However, lack of
researchers’ knowledge about the website members’ contacts
leads to the impossibility of obtaining arandom sampling. The
survey questionnaire is then usualy put on the Web. Potential
participants are among those people with Internet access who
visit the website, find the study information, and decide to
complete the survey. In the case of self-selection surveys, the
researcher then has no control over the selection process and
can work only on the design of the study advertisement (such
asgraphicsand content, length of questions, possibleincentives)
or on aselection of an appropriate website or forum to promote
the response rate to electronic questionnaires [15]. Online
self-selection surveys are thus particularly subject to coverage
and selection bias, which undermines the external validity of
studies and the interpretation of findings [12].

Coverage bias is possibly influenced by patterns related to
Internet access or to specific website access (ie, differences
between people with or without Internet access) and to the
possibility of being particularly interested in the study for
reasons that may or may not be related to the content and/or
objective of the survey itself. Furthermore, exposure to the
advertisement is influenced by the time spent on a specific
website, and chain sampling biasmay al so occur because heavy
users may be more prone to share information about the study
with other contacts than light users [16].

Self-selection bias (individuals who select themselves for the
survey) may be of great importance [12], notably, in
consideration of the usually relatively low participation rate
[16]. It is difficult to estimate the impact of any selection bias
because information on non-participantsisusually not available,
and comparisons between theincluded and the excluded samples
are not feasible [12].

There is some evidence that the self-selected samples of
Internet-based surveys may systematically differ from samples
drawn from the general population using other sampling
procedures [16,17]. One study showed that an Internet-based
study sample had higher past month rates of alcohol and
marijuana use than those found in other similar and
non-self-selected samples of smokers (behaviors also possibly
more easy to disclose online) [17]. Similarly, comparison of
registry-recruited cancer survivors with an online recruited
sample found that the Internet sample has lower social support
and greater mood disturbances than the cancer-based
registry-recruited one [18]. Another study found also that
participants who preferred online surveys to paper-pencil
questionnaires differed from their counterparts on a number of
sociodemographic variables[19]. The effect of the self-selection
biasis also possibly important in large sample size studies, as
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suggested from differences in actual election results and a
number of online opinion surveys[12].

To the best of our knowledge, studies are lacking on the possible
differences between “pure or perfect” random samples and
self-selected samples of users of specific Internet services such
as online games or social network websites. This weakness is
possibly explained by the difficulty for researchers,
independently from websites owners, to obtain random samples
of Internet users on specific websites.

The online game World of Warcraft (WoW) offers some
possibilities to approach the question of selection and
self-selection bias in online surveys. WoW gamers have been
specifically studied in online self-selected surveys in attempts
to assess motivationsto play and possible psychological factors
associated with gaming addiction [20-23].

In WoW, players assume the role of afictional character, or
“avatar”. An avatar is characterized by a number of elements
such asname and visual representation. The avatar’s progression
isacore attribute of WoW, implying that an avatar will develop
new skillsand powers asrewardsfor the success obtained during
in-game missions or quests (eg, beating a monster, finding
something specific, exploring areas of the game). Each avatar’'s
progression isaccessibleviathe“Armory”, an official database
reporting the achievements related to each avatar evolving in
WoW [24]. Players commonly regroup themselves in guilds
(hierarchical organizations of avatars with shared objectives
and backgrounds). Each guild has its particular regulations.
Players who want to join a given guild usually need to contact
the guild’s chief and explain their motivationsto join the guild
and to give some evidence that their avatar meets the guild's
conditions [22].

Furthermore, the psychological characteristics of the gamers,
such as motivation to play [21,23,25], have been shown to be
associated with actual in-game behaviors and achievements as
reported by the Armory scores [22]. Accordingly, the Armory
scores of a given avatar, to some extent, reflect the game style
and commitment of a given WoW player (ie, details of the
achievements reached). The variables assessed in the present
study were extracted from the armory and could be considered
as an “ecological measure” (the measures automatically
collected during game play represent direct in-game behaviors)
of both the commitment of the players and their playing
preferences [22].

WOoW thus offers the possibility of comparing characteristics
of the progression of self-selected avatarsto a“pure or perfect”
random sample of avatars. A sample is considered pure or
perfect in the sense that every randomly selected avatar is
actually included in the sample, whereas in classic studies (ie,
non-self-selected samples), subjects are alowed to refuse to
participate, which could induce a selection bias.

The aim of the current study was to compare the armory
characteristics of two self-selected samples with a random
sample of WoW avatars.
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Methods

Summary

The study compared a random sample of avatars with two
different self-selected samples. Only the avatars at the maximum
level of the game version at inclusion wereincluded in the study.
The mechanicsof “leveling” isasfollows. When aplayer starts
to play with an avatar, this avatar automatically starts at level
1. While playing, avatars gain experience points and these points
allow the avatar to reach new levels (10,000 points to reach
level 2; 25,000 to reach level 3, etc). Each new game version
allows avatars to gain higher maximum levels. At the creation
of the game, the maximum level an avatar could reach was 60.
Each time that an expansion pack is released, the highest
reachable level israised (80 for Wrath of the Lich King and 85
for the Cataclysm versions of the game).

As described below, most of the avatars of the self-selected
samples were at the maximum level. This level is not the
maximum of the possible in-game achievements (reflected by
the armory scores) but something like a mandatory “pass’ for
certain important tasks in the game (especialy raids). To be
considered asaseriously involved player, an avatar hasto reach
this maximum. So, including only avatars at this maximum level
makes the avatars more comparable in terms of game
“involvement”.

First Self-Selected Sample

Thefirst self-selected sampl e (self-selected sample 1) of avatars
was from a study on the relationships between players
self-reported motivesto play and their in-game behaviors[21].
The study was performed between June and December 2010
and was approved by the ethical committee of the Psychology
Department of the University of Geneva. Inclusion criteriawere
French-speaking WoW playerswho were aged 18 yearsor ol der.
Participants were recruited through advertisements posted in
dedicated French-language forums: a guilds forum, an official
Blizzard WoW forum, and more general online and video games
forums. Some participants also joined the study after having
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heard about it in the local press or from television interviews.
All participants gave online consent prior to starting the online
survey. So, the sample included the avatars of online gamers
who actively participated in the study given theidentity of their
avatars. Concomitant avatars' in-game behaviorswere collected
through the French Armory website [24].

The WoW avatar achievements studied here and reported in the
Armory (Figure 1) are asfollows: general achievements, quests
(progression in the various available quests in the game),
exploration (exploring each area in the game), player versus
player (fighting other players), dungeons and raids (raids or
dungeon crawling, ie, specific missions needing a group of
playersto achieve acommon objective), profession, reputation,
word events, and total completed. These achievement scores
(Figure 1) were reported in the following format: score,
maximum score (maximum possible score), and percentage of
the maximum score. This percentage is calculated as the ratio
of the scores gained by the player to the maximum possible
score of the achievement in question multiplied by 100. For
instance, a player who has obtained a score of 20 for quests out
of a maximum of 127 is credited with a percentage of 15.75.
All other percentages considered for the analysis were also
calculated in the same way, and their means were compared
across samples. Taking the percentage allows comparison of
the avatars in different time periods despite possible
modification in the WoW game. Some achievements such as
“feats of strengths’ and “total points’ were not expressed as a
percentage and were therefore not included in the study because
of the difficulty in interpreting these scores in the case of game
modifications.

Of a total of 1601 participants who started the survey
(self-selection), 690 completed it (43.10%) and concomitantly
provided the names of their avatar and the realmsin which they
play (ie, the name of their server, which is necessary to identify
the avatar). Among these avatars, only those with alevel of 80
wereincluded in the present study, which represents 663 avatars
of 690 (96.1%). This level was the higher one at the time of
inclusion of the self-selected sample.
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Figure 1. Example from the Armory.
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Second Self-Selected Sample

The second self-selected sample (self-selected sample 2) of
avatars was from a study performed between December 2011
and April 2012. Similarly, the sample included the avatars of
online gamers who actively participated in the study given the
identity of their avatars. Concomitant avatars in-game behaviors
were collected in the same way as for the first self-selected
sample.

The study, approved by the ethical committee of the Psychology
Department of the University of Geneva, had similar purposes
to thefirst study and similar recruitment procedures. The sample
was assessed with the same measures from the Armory. One
important added value of this smaller sample was the time of
recruitment, which took place after the rel ease of the Cataclysm
version of the gamein December 2010; it istherefore aversion
of the game similar to the one related to the random sample
described in the next section. At that time, the maximum level
was raised from 80 to 85.

Furthermore, response bias is considered as an “individual”
characteristic of a given sample; replication of the results on
different samples could be considered as away to increase the
validity of a given study conclusion [26].

In total, 104 participants participated in the survey; of these, 99
avatars (95.2%) had a level of 85 (the maximum) and were
included in the present study.

Random Sample of Avatars

The list of avatars was found on a public website of game
players[27] on February 25, 2012. On this website [27], each
server was presented with numbered avatars.

Dueto the fact that the two self-sel ected sampleswere recruited
among French speaking WoW players, only the French-speaking
population of avatars (found on French servers) was considered
in order to ensure group comparability.
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Given that most of the avatars of the two self-selected samples
(96.1% of the first one, 637/663 avatars, and 95.2% of the
second one, 94/99 avatars) were at the maximum level of the
game version at thetime of recruitment, only those avatarswere
included in our study and compared with a random sample of
avatars. For the sake of comparability, al avatars included in
the study were at the 85 level, which is the maximum level
related to the Cataclysm version.

To form the random sampl e, 600 avatars were randomly drawn.
The number of selected avatars from each server was
proportional to the contribution of each server to the total
population. The random allocation was made using aspecialized
website [28]. The avatars selected by this procedure were then
searched for and assessed in the WoW official comprehensive
database [24]. Only avatars considered as still active by the
WoW game were registered in this database.

Statistical Analyses

Statistical analyses were performed using SPSS, version 18.0.
An initial exploratory analysis involved the calculation of
percentages, as well as means and standard deviations of the
above-mentioned outcome measures.

To addressthe research question, analysis of variance (ANOVA)
or t tests are appropriate in comparing mean percentages across
groups. However, although F tests are robust against departure
from normality, the homogeneity of variance is a strong
assumption that must be satisfied for the ANOVA results to be
reliable. Aspercentages and proportions variablesare not likely
to meet normality and homogeneity of variance assumptions,
the arcsine-transformation is often used with this type of data
and servesthe purpose of normalizing them and stabilizing their
variance. First, all variableswere expressed as proportions, that
is, between 0 and 1, and then they were transformed according
to thefollowing formula: y=2arcsin (SQRT(p)), where p stands
for proportion.The combined effect of the square root with the
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inverse sine compresses the upper tail of the distribution and
stretches out both tails relative to the middle. The ANOVAS
and t tests were done on the transformed variables after visual
inspections of their normality and Q-Q plots excluded
inacceptable patterns. But for the sake of completeness, the
tables also display the variablesin their original scale. In afirst
step, the three samples were compared (self-selected sample 1
vs self-selected sample 2 vs random sample) using a one-way
between-group ANOVA to explore the impact of each sample
on a list of 10 selected variables. In a second step, the two
self-selected samples were merged, since they did not differ
(shown by post hoc comparison tests), and two-sample t tests
were done, comparing the random sample with the merged
self-selected samples. To account for multiple comparisons
testing (10 multiple ANOVAs and t tests), we performed
Bonferroni corrections deflating alpha type | error so that the
adjusted significance level is alpha/10 (here .005). Finally, a

Khazaal et al

chi-squaretest was carried out to compare proportions of avatar
per guild between the two types of samples.

Results

Table 1 showsthe ANOVA resultsfor each variable of interest.
Except for “ guild membership”, overall, statistically significant
differences at the .005 level between the three samples were
found for all assessed variables. Bonferroni post hoc tests
showed that these differences mainly occurred within each
self-selected sample compared with the random sample.
However, these differences were not statistically significant
between the self-selected sample 1 and the random sample for
exploration (P=.6), between the self-selected sample 2 and the
random samplefor total completed (P=.1), and between neither
one of the self-selected samples and the random sample for
guild (P=1.0 respectively).

Table 1. Comparison of mean values between three sampl es: self-selected sample 1 (n=663), self-selected sample 2 (n=99), and random sample (n=478)

by one-way ANOVA performed on the transformed variables.

WoW characteristics Variables successively presented intheir ~ Self-selected sam-  Self-selected sam-  Random sample, P value
original and transformed values plel, mean (SD) ple2, mean(SD) mean (SD)
Dungeons and raids Origina mean proportion 0.40 (0.20) 0.42 (0.24) 0.28 (0.18)
Arcsine-transformed value 1.36 (0.44) 1.38 (0.54) 1.07 (0.43) <.001
Word events Origina mean proportion 0.40 (0.33) 0.43 (0.34) 0.21 (0.25)
Arcsine-transformed value 1.34(0.81) 1.38(0.83) 0.85 (0.61) <.001
Exploration Origina mean proportion 0.62 (0.35) 0.76 (0.26) 0.64 (0.27)
Arcsine-transformed value 1.91 (0.85) 2.23(0.66) 1.91 (0.67) <.001
Genera Origina mean proportion 0.60 (0.18) 0.60 (0.18) 0.48 (0.15)
Arcsine-transformed value 1.81(0.44) 1.81(0.44) 1.54(0.32) <.001
Player versus player Origina mean proportion 0.35(0.19) 0.27 (0.18) 0.20 (0.14)
Arcsine-transformed value 1.24 (0.42) 1.04 (0.44) 0.88 (0.37) <.001
Profession Origina mean proportion 0.48 (0.29) 0.42 (0.28) 0.27 (0.23)
Arcsine-transformed value 1.54 (0.67) 1.40 (0.68) 1.02 (0.56) <.001
Quests Origina mean proportion 0.50 (0.25) 0.40 (0.27) 0.26 (0.19)
Arcsine-transformed value 1.61 (0.61) 1.38 (0.69) 1.04 (0.43) <.001
Reputation Origina mean proportion 0.35 (0.25) 0.39 (0.30) 0.23(0.22)
Arcsine-transformed value 1.24 (0.60) 1.33(0.75) 0.94 (0.57) <.001
Total completed Origina mean proportion 0.43 (0.19) 0.54 (0.27) 0.37 (0.22)
Arcsine-transformed value 1.42(0.42) 1.73 (0.70) 1.31(0.50) <.001
Involvement in guilds Origina mean proportion 0.87 (0.34) 0.86 (0.35) 0.88 (0.32)
Arcsine-transformed value 2.73 (1.06) 2.70 (1.10) 2.77 (1.01) 7

Comparing the two self-selected samples, Bonferroni’s post
hoc tests showed that they differed on the following variables:
exploration, player versus player, and quests (P<.001
respectively). No further difference was observed for the other
variables. We merged these two self-selected samples into one
bigger sample, which in turn was compared to the random
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sample. Table 2 shows the two-sample t tests between the new
self-selected sample and the random sample. Both samples
differed significantly at the .005 level on each variable, except
for guild membership and exploration, with the random sample
having a similar mean to that of the self-selected sample.
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Table 2. Comparison of mean values between the merged self-selected sample (n=762) and the random sample (n=478) by t test performed on the

transformed variables.

WoW characteristics  Variables are successively presented in their  All self-selected Random sample, Mean difference (99.5% P value

origina and transformed values sample players, mean (SD) Cl)

mean (SD)

Dungeonsand raids  Original mean proportion 0.40 (0.20) 0.28 (0.18)

Arcsine-transformed value 1.36 (0.45) 1.07 (0.43) 0.29 (0.22-0.36) <.001
Word events Original mean proportion 0.40 (0.33) 0.21(0.25)

Arcsine-transformed value 1.34(0.81) 0.85 (0.61) 0.49 (0.38-0.60) <.001
Exploration Original mean proportion 0.64 (0.34) 0.64 (0.27)

Arcsine-transformed value 1.95 (0.83) 1.91 (0.67) 0.05 (-0.08t0 0.17) 3
Genera Original mean proportion 0.60 (0.18) 0.48 (0.15)

Arcsine-transformed value 1.81(0.44) 1.54(0.32) 0.27 (0.21-0.33) <.001
Player versusplayer Original mean proportion 0.34 (0.19) 0.20 (0.14)

Arcsine-transformed value 1.21 (0.43) 0.88 (0.37) 0.33 (0.26-0.39) <.001
Profession Original mean proportion 0.48 (0.29) 0.27 (0.23)

Arcsine-transformed value 1.52 (0.67) 1.02 (0.56) 0.50 (0.40-0.60) <.001
Quests Origina mean proportion 0.49 (0.25) 0.26 (0.19)

Arcsine-transformed value 1.58 (0.62) 1.04 (0.43) 0.55 (0.46-0.63) <.001
Reputation Original mean proportion 0.36 (0.26) 0.23(0.22)

Arcsine-transformed value 1.26 (0.63) 0.93 (0.57) 0.32 (0.23-0.42) <.001
Total completed Original mean proportion 0.44 (0.21) 0.37 (0.21)

Arcsine-transformed value 1.46 (0.48 1.31 (0.50) 0.15 (0.07-0.22) <.001
Involvement in Origina mean proportion 0.87(0.34) 0.88(0.32)
guilds Arcsine-transformed value 2.73 (1.06) 2.77 (1.01) 004(-02110012) 5

Some guilds were overrepresented in the self-selected samples
(a form of guild effect: people from the same guild may
encourage their partners to participate in the study). Table 3
shows the number of avatars per guild. The sample sizes here
are lower since not every avatar belongs to a guild. The range

is between 1 and 11, with one guild from the self-selected
sample having 11 participating avatars. A chi-squaretest reveals
that the distribution of avatar per guild is different between the
two types of samples.

Table 3. Observed (expected) number of avatars per guild: random sample (n=421) and self-selected samples (n=662).

Number of avatars per guild Random sample? All self-selected sample X22 P value
1 363 (345.0) 393 (411.0)

2 29P (35.6) 49 (42.4)

311 0(11.9) 26 (14.1) 25.8 <.001

3N umber of avatars with aguild affiliation.
bog guilds with 2 avatars per guild.

Discussion

Principal Findings

In the French-speaking community of WoW players, three
samples of avatars, one purely random and two self-selected,
were used to assess the potentia self-selection bias of
I nternet-based studies. To our knowledge, thisisthefirst study
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toinclude aperfect random sample, since all randomly selected
subjects (avatars) were incorporated in the sample.

The method used in this paper is somewhat new, dealing with
the opportunity given by the development of online avatars of
Internet users. Table 4 gives some details about the similarities
and the differencesrelated to Internet surveys, surveysononline
gamers, and studies on avatars.
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Table 4. Comparison of Internet surveys, online game surveys, and studies on avatars.
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Internet survey

Survey on online gamers

Study on avatars from a
self-selected sample

Study on avatarsfrom arandom sample

Included

Active participationin

the survey

Possible data obtained

Self-selection hias

Internet users

Mandatory for study partici-
pation

Data on the participant (hu-
man) Internet user profile
(eg, psychological measures,
reported | nternet use)

Possible self-selection bias.
The participant (human) is
or is not informed about the
survey and decidesto or not
to participate and to com-

On-line game users

Mandatory for study par-
ticipation

Data on the participant
(human) Internet-game
user (eg, psychological
measures, reported | nter-
net use)

Possible self-selection
bias. The participant (hu-
man) isorisnotin-
formed about the survey
and decides to or not to

Fictive character (video
game players’ avatar)
linked to agiven user who
self-selected for study par-
ticipation (asin the two
self-selected samples of
our study)

The characteristics of a
given avatar are drawn
from the Web. Active par-
ticipation islinked to the
fact that the user decided
to disclose their avatar's
information for the study.

Dataautomatically collect-
ed related to the avatars
(eg, achievements) or data
chosen by the player (eg,
avatar name, gender, guild
affiliation) likein our
study for the self-selected
samples. It remains possi-
bleto link the characteris-
tics of the avatar with the
user who self-selected him
or herself (not availablein
our study).

The human user decided to
include their avatar in a
study (self-selection bias,
like for the 2 self-selected
samples of our study)

Video game players avatar selected
randomly from adatabaseincluding all
characters (like the random sample of
our study)

No possible active participation to a
survey. The characteristics of agiven
avatar are drawn from the Web (like
the achievements characteristics of the
random sample).

Data automatically collected related to
the avatars (eg, achievements) or data
chosen by the player (eg guild affilia

tion) like in our study for the random

sample.

The avatar is selected randomly from
adatabase (like for the random sample
of our study).

plete the survey.
plete the survey.

participate and to com-

The samples were compared on the basis of the in-game
achievements of the avatars expressed in percentages. This
allows comparison of avatars despite possible game
modifications, as shown by the lack of differences between the
two self-selected samples recruited at two different times. The
second self-selected sample and the random sample were both
included during the same Cataclysm version of the game,
whereas the first self-selected sample was included before this
game version.

According to the hypothesis of a self-selection bias, it appears
from the study results that a self-selected sample of website
users differs from a “pure or perfect” random sample. The
self-sel ected samples had higher scores than the random sample
on most of the assessed in-game behavior variables. The
self-selected samples appear to be more involved in the game
than the random sample avatars. This could occur for different
reasons.

To self-select, a player needs first to see the advertisement for
a study (eg, “We are looking for active World of Warcraft
players, >18 yearsold, to participatein an online survey on your
motivesto play and your psychological profile. We will ask the
name of your main avatar and match your answers to Blizzard
armory’s data. The questionnaire will take approximately 15
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minutes of your time”). Second, a player needs to consider
participating and to agree to it. Therefore, having the will to be
involved in a study could lead to the selection of specific
subjects with certain characteristics (eg, personality, game
involvement, special interest in the purpose of the study).
Because the participants responded to an I nternet advertisement
for the study, highly involved players are more likely to seethe
ad than occasiona players because of the time spent on
WoW-related websites. On the other hand, one could also
assumethat thewill to participateisrelated to both involvement
in the game and an interest in the proposed studies.

The study finding is consistent with those of other studies
linking survey participation with involvement (greater interest,
connection, and concern related to the given behavior or possibly
to the study results) in the assessed behaviors [19,29].

One may hypothesize that the statistically significant results of
the study were due to the large sampl e size and that type | error
(finding a difference when in fact there is none) could not be
ruled out. But the magnitude of the differences found between
the groups (asdisplayed in Table 2) cannot beimputed to chance
alone and therefore does not support this point of view.
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Limitations

Some limitations warrant further consideration. First, the
specificity of WoW, including the guild effect (players organized
in aguild), may increase the inclusion of participants who are
highly involved in the game via a chain sampling bias. This
may limit the generalizability of the resultsto other domains of
Internet use—related behaviors. However, most Internet-related
activitiesinvolve someform of social networking that promotes
chain sampling activities and a possibly similar bias.

Second, the study was done on avatars and not directly on
people. People may have more than one avatar on WoW. Thus,
we cannot exclude the possibility that the results may be partly
explained by differences between the avatar chosen by the
self-sel ected sampl e asrepresentative and the randomly selected
avatars. Inclusion of active avatars at the maximum level related
to each game extension and particularly lack of statistically
significant differences in guild involvement and exploration
(for the first self-selected sample) and on total completed (for
the second self-selected sample) suggest, however, that the
random sample is composed of at least reasonably credible
avatarsinvolved in the game.

Although most of the avatars were dffiliated with guilds,
affiliation was not an inclusion criterion. However, it was used
toassessaform of guild effect (ie, higher proportions of avatars
from the same guilds in the self-sel ected groups in comparison
to the random one). Furthermore, guild participation could be
considered asauseful index of “serious’ avatar in-game activity
(ie, the avatar was accepted by a guild).
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Conclusions

Because of the important differences between the self-selected
samples and the randomly selected sample, and despite the
acknowledged limitations, the study invites careful consideration
of the conclusions made from online self-selected samples and
the possibility of an overrepresentation of subgroups of more
involved or more concerned users.

Therefore, it does not appear possible to draw genera
epidemiological conclusionsfrom I nternet-based self-selection
surveys (eg, on the prevalence of game addiction among website
users or the general population). However, the studies may be
of high interest to subgroups of users who are more involved
in the game and the study purpose. In particular, such studies
may allow the linking together of different assessed variables
(such as mood, motives, or personality and a given behavior)
in the studied sample. This remains important, particularly
because of the possible advantages of online studies (eg, large
sample sizes, possible access to people who are usually more
difficult to reach, access to stigmatized behaviors).

The possible collaboration with webmasters may further improve
understanding of the representativeness of self-selected samples
by the random selection of the users (ie, contacting users by
email to build a random sample as control group) or by
comparison of the responders to non-responders regarding
general characteristics such as features related to website use
or, to some extent, potential biases regarding clinical variables
(eg, game addiction).

We thank Guillaume Britte and Derya Cetinkaya for their work related to the recruitment of the second self-selected sample. A
specia acknowledgement of gratitude is extended to Professor Emiliano Albanese, who provided many suggestions that helped

the authors.

Conflictsof I nterest
None declared.

References

1. Schonlau M. Will web surveys ever become part of mainstream research? JMed Internet Res 2004 Sep 23;6(3):e31 [FREE

Full text] [doi: 10.2196/jmir.6.3.631] [Medline: 15471757]

2. Rhodes SD, Bowie DA, Hergenrather KC. Collecting behavioural data using the world wide web: considerations for
researchers. J Epidemiol Community Health 2003 Jan;57(1):68-73 [FREE Full text] [Medline: 12490652]

3. McCabe SE, Boyd CJ, Couper MP, Crawford S, D'Arcy H. Mode effects for collecting alcohol and other drug use data:
Web and U.S. mail. J Stud Alcohol 2002 Nov;63(6):755-761. [Medline: 12529076]

4.  McCabe SE, Boyd CJ, Young A, Crawford S. Feasibility study for collecting alcohol and other drug use data among
secondary school students: a web-based survey approach. J Drug Educ 2004;34(4):373-383. [Medline: 16117249]

5. McCabe SE. Comparison of web and mail surveysin collectingillicit drug use data: arandomized experiment. J Drug Educ

2004;34(1):61-72. [Medline: 15468748]

6. Godling SD, Vazire S, Srivastava S, John OP. Should we trust web-based studies? A comparative analysis of six
preconceptions about internet questionnaires. Am Psychol 2004;59(2):93-104. [doi: 10.1037/0003-066X.59.2.93] [Medline:

14992636]

7. Whitehead L. Methodological issuesin Internet-mediated research: a randomized comparison of internet versus mailed
questionnaires. JMed Internet Res 2011;13(4):e109 [FREE Full text] [doi: 10.2196/jmir.1593] [Medline: 22155721]

8. Ritter B LorigK, Laurent D, Matthews K. Internet versus mailed questionnaires: arandomized comparison. JMed Internet
Res 2004 Sep 15;6(3):€29 [FREE Full text] [doi: 10.2196/jmir.6.3.e29] [Medline: 15471755]

http://www.jmir.org/2014/7/e164/

JMed Internet Res 2014 | vol. 16 | iss. 7 [e164 | p.123
(page number not for citation purposes)


http://www.jmir.org/2004/3/e31/
http://www.jmir.org/2004/3/e31/
http://dx.doi.org/10.2196/jmir.6.3.e31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471757&dopt=Abstract
http://jech.bmj.com/cgi/pmidlookup?view=long&pmid=12490652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12490652&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12529076&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16117249&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15468748&dopt=Abstract
http://dx.doi.org/10.1037/0003-066X.59.2.93
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14992636&dopt=Abstract
http://www.jmir.org/2011/4/e109/
http://dx.doi.org/10.2196/jmir.1593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155721&dopt=Abstract
http://www.jmir.org/2004/3/e29/
http://dx.doi.org/10.2196/jmir.6.3.e29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471755&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Khazaal et al

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

Kypri K, Gallagher SJ, Cashell-Smith ML. An internet-based survey method for college student drinking research. Drug
Alcohol Depend 2004 Oct 5;76(1):45-53. [doi: 10.1016/j.drugal cdep.2004.04.001] [Medline: 15380288]

McCabe SE. Screening for drug abuse among medical and nonmedical users of prescription drugs in a probability sample
of college students. Arch Pediatr Adolesc Med 2008 Mar;162(3):225-231 [FREE Full text] [doi:
10.100V/archpediatrics.2007.41] [Medline: 18316659]

Eysenbach G, Wyatt J. Using the Internet for surveys and health research. J Med Internet Res 2002;4(2):E13 [FREE Full
text] [doi: 10.2196/jmir.4.2.€13] [Medline: 12554560]

Bethlehem J. Selection biasin web surveys. International Statistical Review 2010;78(2):161-188. [doi:
10.1111/j.1751-5823.2010.00112.X]

Ramo DE, Hall SM, Prochaska JJ. Reaching young adult smokers through the internet: comparison of three recruitment
mechanisms. Nicotine Tob Res 2010 Jul;12(7):768-775 [EREE Full text] [doi: 10.1093/ntr/ntq086] [Medline: 20530194]
Ramo DE, Prochaska JJ. Broad reach and targeted recruitment using Facebook for an online survey of young adult substance
use. JMed Internet Res 2012;14(1):€28 [FREE Full text] [doi: 10.2196/jmir.1878] [Medline: 22360969]

Edwards PJ, Raberts I, Clarke MJ, Diguiseppi C, Wentz R, Kwan |, et al. Methods to increase response to postal and
electronic questionnaires. Cochrane Database Syst Rev 2009(3):MR000008. [doi: 10.1002/14651858.M RO00008.pub4]
[Medline: 19588449]

Fenner Y, Garland SM, Moore EE, Jayasinghe Y, Fletcher A, Tabrizi SN, et al. Web-based recruiting for health research
using a social networking site: an exploratory study. J Med Internet Res 2012;14(1):e20 [FREE Full text] [doi:
10.2196/jmir.1978] [Medline: 22297093]

Ramo DE, Prochaska JJ. Prevalence and co-use of marijuana among young adult cigarette smokers: An anonymous online
national survey. Addict Sci Clin Pract 2012;7(1):5 [FREE Full text] [doi: 10.1186/1940-0640-7-5] [Medline: 23186143]
Owen JE, Bantum EO, Criswell K, Bazzo J, Gorlick A, Stanton AL . Representativeness of two sampling procedures for
an internet intervention targeting cancer-related distress: a comparison of convenience and registry samples. JBehav Med
2013 May 4:-. [doi: 10.1007/s10865-013-9509-6] [Medline: 23645145]

Mayr A, Gefeller O, Prokosch HU, Pirkl A, Fréhlich A, de Zwaan M. Web-based data collection yielded an additional
response bias--but had no direct effect on outcome scales. J Clin Epidemiol 2012 Sep;65(9):970-977. [doi:
10.1016/j.jclinepi.2012.03.005] [Medline: 22742911]

ZanettaDauriat F, Zermatten A, Billieux J, Thorens G, Bondolfi G, Zullino D, et al. Motivationsto play specifically predict
excessive involvement in massively multiplayer online role-playing games: evidence from an online survey. Eur Addict
Res 2011;17(4):185-189. [doi: 10.1159/000326070] [Medline: 21494046]

Kuss DJ, Louws J, Wiers RW. Online gaming addiction? Motives predict addictive play behavior in massively multiplayer
online role-playing games. Cyberpsychol Behav Soc Netw 2012 Sep;15(9):480-485. [doi: 10.1089/cyber.2012.0034]
[Medline: 22974351]

Billieux J, Van der Linden M, Achab S, Khazaal Y, Paraskevopoulos L, Zullino D. Why do you play World of Warcraft?
An in-depth exploration of self-reported motivationsto play online and in-game behavioursin the virtual world of Azeroth.
Comput Human Behav 2013;29(1):103-109.

Yee N. Mativations for play in online games. Cyberpsychol Behav 2006 Dec;9(6):772-775. [doi: 10.1089/cpb.2006.9.772]
[Medline: 17201605]

World of warcraft-Site officiel. URL: http://eu.battle.net/wow/fr/ [accessed 2014-06-26] [WebCite Cache ID 6Qd2EhVIB]
Billieux J, Chanal J, Khazaal Y, Rochat L, Gay P, Zullino D, et a. Psychological predictors of problematic involvement
in massively multiplayer online role-playing games: illustration in a sample of male cybercafé players. Psychopathology
2011;44(3):165-171. [doi: 10.1159/000322525] [Medline: 21372629]

Jonathon R, Halbesleben B, Whitman M. Evaluating Survey Quality in Health Services Research: A Decision Framework
for Assessing Nonresponse Bias. Health Serv Res 2013 Jun;48(3):913-930. [doi: 10.1111/1475-6773.12002]

WOoW heroes. URL : http://www.wow-heroes.com/ [accessed 2014-06-19] [WebCite Cache ID 6QRsSUT2cG]

Research randomizer. URL : http://www.randomizer.org/ [accessed 2014-06-19] [WebCite Cache ID 6QRsWJ2B(]
Cranford JA, McCabe SE, Boyd CJ, Slayden J, Reed MB, Ketchie JM, et a. Reasons for nonresponse in a web-based
survey of alcohol involvement among first-year college students. Addict Behav 2008 Jan;33(1):206-210 [FREE Full text]
[doi: 10.1016/j.addbeh.2007.07.008] [Medline: 17728069]

Abbreviations

ANOVA: analysis of variance
Cl: confidence interval
WoW: World of Warcraft

http://www.jmir.org/2014/7/e164/ JMed Internet Res 2014 | vol. 16 | iss. 7 [e164 | p.124

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.drugalcdep.2004.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15380288&dopt=Abstract
http://europepmc.org/abstract/MED/18316659
http://dx.doi.org/10.1001/archpediatrics.2007.41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18316659&dopt=Abstract
http://www.jmir.org/2002/2/e13/
http://www.jmir.org/2002/2/e13/
http://dx.doi.org/10.2196/jmir.4.2.e13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12554560&dopt=Abstract
http://dx.doi.org/10.1111/j.1751-5823.2010.00112.x
http://europepmc.org/abstract/MED/20530194
http://dx.doi.org/10.1093/ntr/ntq086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20530194&dopt=Abstract
http://www.jmir.org/2012/1/e28/
http://dx.doi.org/10.2196/jmir.1878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22360969&dopt=Abstract
http://dx.doi.org/10.1002/14651858.MR000008.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19588449&dopt=Abstract
http://www.jmir.org/2012/1/e20/
http://dx.doi.org/10.2196/jmir.1978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22297093&dopt=Abstract
http://www.ascpjournal.org/content/7/7/5
http://dx.doi.org/10.1186/1940-0640-7-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23186143&dopt=Abstract
http://dx.doi.org/10.1007/s10865-013-9509-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23645145&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2012.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22742911&dopt=Abstract
http://dx.doi.org/10.1159/000326070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21494046&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2012.0034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22974351&dopt=Abstract
http://dx.doi.org/10.1089/cpb.2006.9.772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17201605&dopt=Abstract
http://eu.battle.net/wow/fr/
http://www.webcitation.org/6Qd2EhVIB
http://dx.doi.org/10.1159/000322525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21372629&dopt=Abstract
http://dx.doi.org/ 10.1111/1475-6773.12002
http://www.wow-heroes.com/
http://www.webcitation.org/6QRsUT2cG
http://www.randomizer.org/
http://www.webcitation.org/6QRsWJ2Bq
http://europepmc.org/abstract/MED/17728069
http://dx.doi.org/10.1016/j.addbeh.2007.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17728069&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Khazaal et al

Edited by G Eysenbach; submitted 13.08.13; peer-reviewed by P Coorevits, Z Yan, | Moore; comments to author 31.10.13; revised
version received 14.01.14; accepted 01.05.14; published 07.07.14.

Please cite as:

Khazaal Y, van Snger M, Chatton A, Achab S Zullino D, Rothen S, Khan R, Billieux J, Thorens G

Does Self-Selection Affect Samples’ Representativenessin Online Surveys? An Investigation in Online Video Game Research
J Med Internet Res 2014;16(7):€164

URL: http://www.jmir.org/2014/7/e164/

doi:10.2196/jmir.2759
PMID: 25001007

©Yasser Khazaal, Mathias van Singer, Anne Chatton, Sophia Achab, Daniele Zullino, Stephane Rothen, Riaz Khan, Joel Billieux,
Gabriel Thorens. Originaly published in the Journal of Medical Internet Research (http://www.jmir.org), 07.07.2014. Thisisan
open-access  article  distributed under the terms of the Creative Commons  Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2014/7/e164/ JMed Internet Res 2014 | vol. 16 | iss. 7 [e164 | p.125
(page number not for citation purposes)

RenderX


http://www.jmir.org/2014/7/e164/
http://dx.doi.org/10.2196/jmir.2759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25001007&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jeromeet &

Original Paper

Longitudinal Accuracy of Web-Based Self-Reported Weights:
Results From the Hopkins POWER Trial

Gerald J Jerome™?, PhD; Arlene Dalcin?, RD; Janelle W Coughlin®, PhD; Stephanie Fitzpatrick®, PhD; Nae-Yuh
Wang?, PhD; Nowella Durkin? Hsin-Chieh Yeh? PhD; Jeanne Charleston?, RN; Thomas Pozefsky®, MD; Gail L
Daumit?, MD, MHS; Jeanne M Clark?, MD, MPH; Thomas A Louis’, PhD; Lawrence J Appel?, MD, MPH

lDepartment of Kinesiology, Towson University, Towson, MD, United States

2Division of Generdl Internal Medici ne, Johns Hopkins University School of Medicine, Baltimore, MD, United States
3Department of Psychiatry and Behavioral Sciences, Johns Hopkins University School of Medicine, Baltimore, MD, United States
4Department of Preventive Medicine, Rush University Medical Center, Chicago, IL, United States

SDivision of Endocrinol ogy and Metabolism, Johns Hopkins University School of Medicine, Baltimore, MD, United States
6Department of Biostatistics, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United States

Corresponding Author:
Gerald J Jerome, PhD
Department of Kinesiology
Towson University

8000 York Road

Towson, MD, 21252

United States

Phone: 1 410 704 5283

Fax: 1410 704 3912

Email: gjerome@towson.edu

Abstract

Background: Websitesand phone appsareincreasingly used to track weights during weight lossinterventions, yet thelongitudinal
accuracy of these self-reported weights is uncertain.

Objective: Our goa was to compare the longitudinal accuracy of self-reported weights entered online during the course of a
randomized weight loss trial to measurements taken in the clinic. We aimed to determine if accuracy of self-reported weight is
associated with weight loss and to determine the extent of misclassification in achieving 5% weight |oss when using self-reported
compared to clinic weights.

Methods: This study examined the accuracy of self-reported weights recorded online among intervention participants in the
Hopkins Practice-Based Opportunities for Weight Reduction (POWER) tria, a randomized trial examining the effectiveness of
two lifestyle-based weight | ossinterventions compared to acontrol group among obese adult patientswith at least one cardiovascul ar
risk factor. One treatment group was offered telephonic coaching and the other group was offered in-person individual coaching
and group sessions. All intervention participants (n=277) received adigital scale and were asked to track their weight weekly on
astudy website. Research staff used astandard protocol to measure weight in the clinic. Differences (self-reported weight —clinic
weight) indicate if self-report under (-) or over (+) estimated clinic weight using the self-reported weight that was closest in time
to the clinic weight and was within awindow ranging from the day of the clinic visit to 7 days before the 6-month (n=225) and
24-month (n=191) clinic visits. The absolute value of the differences (absolute difference) describes the overall accuracy.

Results: Underestimation of self-reported weightsincreased significantly from 6 months (mean -0.5kg, SD 1.0kg) to 24 months
(mean -1.1kg, SD 2.0kg; P=.002). The average absolute difference also increased from 6 months (mean 0.7kg, SD 0.8kg) to 24
months (mean 1.3, SD 1.8kg; P<.001). Participants who achieved the study weight lossgoal at 24 months (based on clinic weights)
had lower absolute differences (P=.01) compared to those who did not meet thisgoal . At 24 months, there was 9% misclassification
of weight loss goal success when using self-reported weight compared to clinic weight as an outcome. At 24 months, those with
self-reported weights (n=191) had three times the weight loss compared to those (n=73) without self-reported weights (P<.001).

Conclusions: Underestimation of weight increased over time and was associated with lessweight loss. In addition to intervention
adherence, weight loss programs should emphasize accuracy in self-reporting.
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Introduction

The use of technology to support lifestyle-based treatment of
obesity iscommonplacein both research studiesand commercial
programs [1,2]. Specifically, self-monitoring of weight is a
frequently recommended weight-loss strategy that can be
facilitated by either websites or mobile phone apps[3]. Although
self-monitoring of weight is a commonly identified,
evidence-based strategy for weight loss, both technol ogy-based
and traditional paper-based cross-sectional studiesindicate that
individuals underestimate their weight and that the accuracy
can vary for different demographic groups [4-8].

Few studies have examined the accuracy of self-reported weight
over time. A 12-week weight management study (N=27) found
self-reported weights recorded on a mobile phone were
underestimated but were strongly correl ated with weightstaken
in the clinic at both baseline and 12 weeks [9]. Results from a
6-month weight-loss trial (N=234) indicated that self-reported
weights underestimated observed weights and those participants
who lost more weight had more accurate self-report [10]. The
accuracy of self-reported weight has not been examined in the
context of aweight-loss study beyond 6 months.

The current study compared self-reported weight from a study
website to clinic weights at 6-month and 24-month follow-up
in the Hopkins Practice-Based Opportunities for Weight
Reduction (POWER) tria, athree-arm randomized weight-loss
trial with gender and race diversity [11,12]. The study also
examined the association of accuracy of self-reported weight
with the extent of weight loss and determined the rate of
misclassification in achieving 5% weight loss when using
self-reported compared to clinic weights asthe follow-up weight.

Methods

Overview

The POWER trial at Hopkinswasarandomized trial examining
the effectiveness of two lifestyle-based weight-lossinterventions
(n=277) compared to a control group (n=138) among obese
adult patientsat six primary care practices[11,12]. Participants
were at least 22 years of age, with a body mass index (BMI)
>30 kg/m? and at | east one additional cardiovascular risk factor.
An ingtitutional review board approved the study and all
participants provided informed consent. Detailed descriptions
of intervention design, methods, and main results have been
published [11,12].

Intervention Summary

Intervention participants had a 5% weight-loss goal and access
to a study website that included learning modules and tools for
self-monitoring weight, caloric intake, and exercise. They aso

http://www.jmir.org/2014/7/e173/

received adigital scalefor home useand directionsto (1) weigh
themselves at the same time of day, in the same amount of
clothing with the same scale, and (2) enter this weight on the
study website at least weekly while trying to lose weight and
daily during weight maintenance.

During the first 6 months, those in the Call-Center Directed
intervention were offered 15 coaching calls and those in the
In-Person Directed intervention were offered 21 groups and
nineindividua coaching sessions. From Month 7 to the end of
the study, call-center participants were offered monthly calls
and in-person participants were offered both individual and
group sessions monthly.

Primary Outcome

Aspreviously reported, mean changein clinic measured weight
(24 months — baseline) was —0.8 kg in the control arm, —4.6 kg
in the call-center arm (P<.001 compared to contral), and —5.1
kg in the in-person arm (P<.001 compared to control) [11].
There was no significant difference in weight loss between
call-center directed and in-person directed arms. At 24 months,
37.9% (105/277) of the intervention participants achieved 5%
weight loss.

Measures

Demographics were self-reported at baseline. The number of
completed coaching contacts and weight |og-inswere recorded.
Trained research staff, masked to intervention assignment,
measured weights in the clinic at the randomization visit
(baseline) and at the 6-month and 24-month follow-up visits.
Following a standard protocol that included removing shoes
and emptying pockets, weight was measured on a high-quality
calibrated digital scalewith the participant wearing light indoor
clothes. Two weights were taken at each time point, and if
needed, a third weight was taken to resolve any discrepancies.
The assessment of weight during aclinic visit was independent
of al intervention efforts. The accuracy of the clinic scaleswas
verified annually by athird party.

Self-reported weight was based on the self-reported weight
entered on the study website that was closest intimeto theclinic
weight and was within a window ranging from the day of the
clinic visit to 7 days before the clinic visit. The intervention
goal was to record a self-reported weight at least weekly,
although the website allowed for daily self-report.

Analytic Plan

Weights are reported in kilograms. Differences (self-reported
weight —clinic weight) indicate under (=) or over (+) estimation
of clinic weight. The absolute value of the difference (absolute
difference) describesthe overall accuracy. We regressed absolute
difference on weight change and controlled for age, sex, race,
baseline BMI, intervention arm, number of coaching contacts
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completed, number of weeks with a self-reported weight, and
the difference in days between the self-reported and clinic
weights.

In the main results paper, follow-up clinic weight was used to
determine weight outcomes—both the amount of weight change
and classifications of participants as either achieving or not
achieving the study goal of 5% weight loss. In the current
analyses, the same approach was used (ie, using clinic weights)
to determine the gold standard for weight loss and subsequent
classifications. We al so used self-reported weights at 24-month
follow-up to calculate an alternative weight loss and wei ght-1oss
classification. Misclassification refersto the aternative method
(using self-reported follow-up) providing adifferent weight-loss
classification compared to the gold standard (using clinic
follow-up weight). We reported Cohen's kappa comparing
classifications using clinic weight compared to self-reported
weight a follow-up to determine weight change. A
Bland-Altman plot is presented comparing clinic and
self-reported weights at 24 months. The intraclass correlation
between self-reported and clinic weight at 24 months was al so
reported.

Results

There were 277 participants in the active interventions. At 6
months, 28 did not have a self-reported weight within the target
window and 24 were missing clinic weights resulting in 81.2%
(225/277) with differences calculated. At 24 months, 83 did not
have a self-reported weight within the target window and 13
were missing clinic weights resulting in 69.0% (191/277) with
differences cal culated.

Compared to those with missing data, the sample with
differences calculated at 24 months had a higher percentage of
men (P=.02), higher average contact completion (P<.001), and
higher average number of self-reported weights (P<.001). Those
with differences cal culated at 24 months had an average age of

55 (SD 9.9) years, average BMI of 36 (SD 5.0) kg/m?, average
weight of 104 (SD 18.7) kg, 59.2% werewomen (113/191), and
38.7% were black (74/191).

The average number of contacts was 14 (SD 3.4) at 6 months
and 30 (SD 9.3) at 24 months. The average number of weeks
with at least one weight log-in was 22 (SD 5.12) at 6 months
and 71 (SD 26.4) at 24 months.

At 6 months, 61.8% (139/225) of self-reported weights were
lower, 22.2% (50/225) were equivalent, and 16.0% (36/225)
were higher than the clinic weights. At 24 months, 77.5%
(148/191) of self-reported weights were lower, 9.4% (18/191)
were equivalent, and 13.1% (25/191) were above the clinic
weights. As seen in Table 1, the degree of underestimation
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increased from 6 months (mean —0.5kg, SD 1.0kg) to 24 months
(mean -1.1kg, SD 2.0kg; P=.002). The average absolute
difference also increased from 6 months (mean 0.7kg, SD 0.8kg)
to 24 months (mean 1.3kg, SD 1.8kg; P<.001). Achieving the
5% weight loss goal was not associated with differences at 6
months (P=.24) or 24 months (P=.09). Participantswho achieved
5% weight loss had lower absolute differences at 24 months
(P=.01), but not at 6 months (P=.13) compared to those who
did not meet this goal.

Figure 1 displaysadistribution of the days between self-reported
and clinic weights with a minimum score of -7 (self-reported
weight was 7 days before the clinic weight) and a maximum
score of O (self-reported and clinic weight were on the same
day). At 6 months, 91.6% (206/225) of the self-reported weights
were within 2 days of the clinic weight. At 24 months, 79.6%
(152/191) of the self-reported weights were within 2 days of
the clinic weight.

At 6 months, greater absolute difference between self-reported
and clinic weight was associated with females, higher baseline
BMI, less 6-month weight loss, fewer weeks with self-reported
weights, and days between weights (Table 2). At 24 months,
more weight loss and fewer days between weights were
associated with smaller absolute differences. Significant
associations among the independent and dependent variables
were similar when examining differences rather than absolute
differences as the outcome variable (data not shown).

When using self-reported weight at 24 months to calculate
weight change from baseline clinic weight (see Table 3), there
was 9% misclassification in achievement of weight-loss goal,
99% senditivity, and 84% specificity compared to using clinic
weights at 24 months. Cohen’'s kappa was used to determine
level of nonrandom agreement comparing the use of
self-reported weight to the use of clinic weight at 24 monthsto
determine weight loss classifications (k=.82). Those included
in Table 3 had greater 24-month weight loss (mean —6.0kg, SD
9.2kg) compared to those who did not have a self-reported
weight within the target window at 24 months (mean -2.1kg,
SD 5.3kg; P<.001).

Figure 2 is a Bland Altman Plot comparing self-reported and
clinic weights at 24 months. A mgjority of the extreme
differences between self-reported and clinic weights occur
between 80 kg and 130 kg. Theintraclass correl ation comparing
self-reported and clinic weights at 24 months was .99.

Figure 3 displays differences between self-reported and clinic
weights by the percent weight change at 24 months. Percent
weight change was based on clinic weights. As seen in the
figure, a majority of the self-reported weights were below
compared to above the clinic weight. The spread of the
differences increased as weight |oss decreased.
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Table 1. Differencein weights (self-reported — clinic) by attainment of 5% weight-loss goal at 6 and 24 months.

Difference 6 months 24 months
All Achieved 5% weight Did not achieve 5%  All Achieved 5% Did not achieve 5%
(n=225) loss weight loss (n=191) weight loss weight loss
(n=112) (n=113) (n=82) (n=109)
Difference®inkg, mean ~ ~0.5 (1.0) -0.4(0.8) -0.6 (1.1) -11(2.0) -0.8(1.2) -1.2(24)
(SD)
Absolutedifference®inkg, 07 (0-8) 0.6(0.7) 0.8(1.0) 13(1L9) 10(1Y) 15(22)
mean (SD)

Difference (self-reported — clinic weight).
bAbsol ute difference = |self-reported weight — clinic weight|.

Table 2. Association of absolute difference in weights (self-reported — clinic) with weight change, demographic characteristics, and participation at 6
and 24 months.

Independent varizble Absolute difference®

6 months 24 months

B (sE)° P B (SE)° P
Weight change® in kg .04 (0.01) <.001 .05 (0.02) .01
Female .38(0.11) .001 .19 (0.28) 50
Black .06 (0.11) 58 53(0.28) .06
Age .003 (0.01) 55 .02 (0.01) 27
Body Mass Index (baseline) .03(0.02) 02 .03(0.03) 31
Intervention arm -.10(0.11) .36 -.45(0.27) .10
Coach contacts completed -.00 (0.02) .64 .02 (0.02) 44
Self-reported weight, frequency .04 (0.01) .01 .00 (0.01) .81
Days between weights -.24(0.04) <.001 -.24 (.08) .003

@Absol ute difference = |self-reported weight — clinic weight|.
bB=peta coeffici ent, SE=standard error; adjusted for all variableslisted.
“Weight change = follow-up clinic weight — baseline clinic weight.

Table 3. Weight loss goal attainment at 24 months based on final weight from clinic and self-reported weight (n=191).

Self-reported weight Clinic weight
Achieved 5% weight loss, Did not achieve 5% weight |oss,
n (%) n (%)
Achieved 5% weight loss 93 (48.7) 16 (8.4)
Did not achieve 5% weight loss 1(0.5) 81 (42.4)
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Figure 1. Time between self-reported and clinic weights at 6 and 24 months.
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Figure 3. Accuracy of self-reported weight by percent weight change at 24 months.
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Discussion

Principal Findings

To our knowledge, thisisthe first study to document decreases
in accuracy of self-reported weights over long-term foll ow-up.
Specifically, participants’ self-report resulted in a modest, yet
significant underestimation of weight consistent with previous
findings from cross-sectiona studies and weight-loss trias
[4,5,9,10]. The magnitude of underestimation doubled between
Months 6 and 24. Moreover, weight loss was positively
associated with accuracy; those who achieved the 5%
weight-loss goal had more accurate self-reports. These results
are congruent with findings from a study with 6 months of
follow-up [10]. Strengths of the current analyses include a
relatively large sample of obese adults with gender and ethnic
diversity and along duration of follow-up (ie, 24 months).

There are a number of possible sources of variation between
self-reported weight and clinic weights. There was likely a
differencein the accuracy of the scales provided to participants
and the clinic scale that had annua accuracy verification.
Another possible source of variation was diurnal weight
fluctuations and other factors associated with the time lag
between weights (eg, actual weight change, menstrual cycle).
However, the regression anal yses found a significant association
among absolute difference and weight change even after
controlling for length of time between measures. Although the
participants were encouraged to weigh themselves under the
same conditions experienced in the clinic, there may have been
differencesin procedures (eg, amount of clothing, placing scale
on hard surface) associated with differences.

One alternative to manually entering self-reported weights on
a website is the use of scales with wireless connections to a
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computer that can automatically upload data. However, littleis
known about the accuracy of this method and sources of
variation may be similar to those outlined above. Pronk et a
demonstrated that participants can improve the accuracy of
salf-reported weights with regular feedback [13]. Improvements
in the accuracy of self-reporting may help individuals with
long-term adherence to lifestyle-based programs.

Although short-term fluctuation in weight is expected, the extent
towhich small changesand the tracking of subtletrendsimpacts
weight loss is unclear. During weight-loss maintenance, it can
be difficult to reverse the trgjectory of even minor weight gains
[14]. Less accurate self-assessment could create challengesin
identifying small changes. It is possible that the tendency to
underestimate weight and increased error over time create
additional barriersto long-term weight-loss efforts.

The underestimation of clinic weightsin the current study was
modest, and the sensitivity and specificity appears acceptable.
Other studies have reported strong correlations between
self-reported and clinic weights and describe the differences
between self-reported and clinic weights as relatively small
[9,13]. However, researchers should be cautious in using
self-reported weight as a clinical outcome. The current results
are consistent with a previous report of modest but significant
differences between weight change cal cul ated with self-reported
versus clinic values [10]. Moreover, the generalizability of the
findings are limited by the completer analysis. In the current
study, 95% of the sample had 24-month clinic weights, yet only
69% had both self-reported and clinic weights. Those with
self-reported weight had three times the weight loss compared
to those without self-reported weights at 24 months, and thisis
concordant with previous reports [10].
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Conclusions of the tendency for decreased accuracy of self-reported weight
over time and the association of accurate self-report with
achievement of weight-loss goals. Increased emphasis on
accurate self-weighing may be an important addition to
lifestyle-based weight-1oss programs.

Although it is not clear if accurate self-weighing facilitated
weight loss or if weight loss encouraged more exacting
sel f-assessment, those in wel ght-loss programs should be aware
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Abstract

Background: Recent eHealth developments have elevated the importance of assessing the extent to which technology has
empowered patients and improved health, particularly among the most vulnerable populations. With noted disparities across
racial and social groupsin chronic health outcomes, such as cancer, obesity, and diabetes, it is essential that researchers examine
any differencesin the implementation, uptake, and impact of eHealth strategies across groups that bear a disproportionate burden
of disease.

Objective: The goal was to examine eHealth use by sociodemographic factors, such as race/ethnicity, socioeconomic status
(SES), age, and sex.

Methods: We drew datafrom National Cancer Institute’s 2012 Health Information National Trends Survey (HINTS) (N=3959)
which is publicly available online. We estimated multivariable |ogistic regression models to assess sociodemographic predictors
of eHealth use among adult Internet users (N=2358) across 3 health communication domains (health care, health
information—seeking, and user-generated content/sharing).

Results:  Among online adults, we saw no evidence of a digital use divide by race/ethnicity. However, there were significant
differencesin use by SES, particularly for health care and health informati on—seeking items. Patients with lower levels of education
had significantly lower odds of going online to look for a health care provider (high school or less: OR 0.50, 95% CI 0.33-0.76)
using email or the Internet to communicate with adoctor (high school or less: OR 0.46, 95% CI 0.29-0.72), tracking their personal
health information online (high school or less: OR 0.53, 95% CI 0.32-0.84), using awebsite to help track diet, weight, and physical
activity (high school or less: OR 0.64, 95% CI 0.42-0.98; some college: OR 0.67, 95% CI 0.49-0.93), or downloading health
information to a mobile device (some college: OR 0.54, 95% CI 0.33-0.89). Being female was a consistent predictor of eHealth
use across health care and user-generated content/sharing domains, whereas age was primarily influential for health
informati on—seeking.

Conclusions; Thisstudy illustrates that lower SES, older, and male online US adults were less likely to engage in a number of
eHealth activities compared to their counterparts. Future studies should assess issues of health literacy and eHealth literacy and
their influence on eHealth engagement across social groups. Clinical care and public health communication efforts attempting to
leverage Web 2.0 and 3.0 platforms should acknowledge differential eHealth usage to better address communication inequalities
and persistent disparitiesin health.

(J Med Internet Res 2014;16(7):€172) doi:10.2196/jmir.3117

KEYWORDS
health communication; communication barriers; Internet; consumer heath information

http://www.jmir.org/2014/7/e172/ JMed Internet Res 2014 | vol. 16 | iss. 7 [e172 | p.134
(page number not for citation purposes)


mailto:emily_kontos@dfci.harvard.edu
http://dx.doi.org/10.2196/jmir.3117
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

The movement in the past decade toward patient-centered care
has increasingly emphasized patient empowerment in health
care. In particular, the Chronic Care Model, characterized by
theinteraction between an “informed and activated patient” and
a“prepared and proactive practice team” has been highlighted
as afundamental model for optimum care [1,2]. Alongside the
changing tidein health care delivery, there has been arevolution
in information technology. With the development of new
technology and Web 2.0 and 3.0 communication media, the
field of eHealth has emerged and with it a plethora of new
opportunities for individuals to access and exchange health
information, manage their health through electronic platforms,
and participatein “ peer-to-peer health care” [3-5]. Theseonline
opportunities have been identified as a means to better enable
patient empowerment and self-management of care [6].

The field of eHealth has enabled public health and medical
practitioners to communicate with patients in both traditional
and novel ways to address health concerns such as diabetes
management [ 7], heart health [8], cancer prevention and health
promotion activities [9-11], and smoking cessation [12,13].
Online strategies range from adaptations of more traditional
communication methods, such as the delivery of tailored
information and the creation of support networks[14], to more
innovative developments, such as the implementation of
smartphone applicationsfor disease prevention and management
[15-17].

These eHealth developments have elevated the importance of
assessing the extent to which technology has empowered
patients and improved health in general and among the most
vulnerable populations in particular [18-21]. With noted
disparities across racial and social groups in chronic health
outcomes, such as cancer, obesity, and diabetes, it is essential
that researchers thoughtfully examine any differences in the
implementation, uptake, and impact of eHealth strategies across
groupsthat bear adisproportionate burden of disease[20,22,23].
Current eHealth studies are limited in that many, such as those
published by the Pew Internet & American Life Project, report
national percentages without rigorous statistical control to
determine what factors may be true drivers of any eHealth
disparities. Other research has focused on issues of access to
technology based on the original concept of the digital divide,
which formulated 2 groups—those with access to the Internet
and those without [5,24]. Gaps in access to the Internet have
been persistent in that lower socioeconomic status, minority
racial/ethnic groups, older age, and poorer health, among others,
are associated with decreased access to the Internet
[19,21,25-29]. These access patterns can lead to differential
access to hedth information that might intensify health
disparities [30]. Yet, this dichotomous oversimplification
wrongly suggests that all “haves’ use the Internet in a similar
manner.

However, the limited number of published studies focused on
use of the Internet for health point to noted communication
inequalities or differences in use and engagement across
important racial and social groups [18,22,31]. For example,
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those in the lowest income and education brackets are shown
to be considerably less likely to seek out health information
online compared to those in higher income and education
brackets. Similarly, non-Hispanic blacks and Hispanics are
significantly less likely to seek out health information online
compared to their non-Hispanic white counterparts, yet these
differences by race/ethnicity have begun to narrow overall.
Recent unadjusted Pew Internet & American Life Project data
highlight differences in topic-specific seeking behavior in that
more non-Hispanic blacks and Hispanics report using the
Internet to find information on how to lose weight and
preghancy compared to non-Hispanic whites, whereas a larger
percentage of non-Hispanic whites report using the Internet to
find information on a specific disease or problem [5,20,32,33].
These differences in eHealth use are of importance to public
health practitioners and health care providers in that these
communication behaviors could lead to significant health-related
disparities[22].

Evidence in support of communication inequalities in
health-related Internet use is building [20,34,35]; however, we
lack a clear understanding of comprehensive differences by
sociodemographic factors, such asrace/ethnicity, socioeconomic
status (SES), and sex in the utility of the Internet for eHealth
tasks. Past studies have primarily examined online disparities
in isolation, have not adequately adjusted for confounding
factors that could drive use, or have used older datasets that do
not reflect the ever-changing digital landscape [5,34,36-38].

This study aims to employ an up-to-date, comprehensive
examination of eHealth use by sociodemographic factors to
illustrate potential profiles of disparities across a number of
communication domains. We hope this work will assist future
health communication interventions and efforts that seek to use
the Internet, email, and social media to reach and engage
underserved populations.

Methods

Data for this study were drawn from the National Cancer
Institute’'s 2012 Health Information National Trends Survey
(HINTS). HINTS is a nationally representative survey of the
US noninstitutionalized adult population that collects data on
the American public's need for, access to, and use of
health-related information [39]. HINTS is publicly available
online[40]. Data used in thisstudy arefrom HINTS 4 Cycle 1,
collected from October 2011 to February 2012 (N=3959)
through mailed questionnaire. The sample design was a 2-stage
stratified sample with addresses sel ected from acomprehensive
United States Postal Service national residential file, and
individual respondents were selected per each household in the
sample. The final response rate for HINTS 2012 was 36.7%.
Further details on survey design and sampling strategies are
published elsewhere [41].

To assess hypothesized differences in eHealth usage and
engagement, we used 11 HINTS variables that were asked of
those respondents who reported yes to ever going online to
access the Internet or World Wide Web or to send and receive
email (N=2358). The 11 eHealth tasks are presented in 3
domains relevant to health communication (health care, health
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information-seeking, and user-generated content/sharing). Items
were grouped into domains in effort to illustrate trends across
eHealth tasks and for purposes of informing future health
communication-related interventions [42]. The categorization
of items into domains was informed by both mass
communication theory, such as uses and gratifications theory,
aswell asrecent health care policies, specifically the Affordable
Care Act and Healthy People 2020, in which thereisinterest to
track progress in goal achievement [43-45]. For example, one
of the goals outlined in Healthy People 2020 is aimed at
improving accessto comprehensive, quality health care services,
research isemerging that correlatesincreased engagement with
the Internet and accessto health care services[46]. TheeHealth
items assessed in this study were “In the past 12 months, have
you used the Internet to look for health or medical information
for yoursdf?’ (yes/no) and “In the past 12 months, have you
used the Internet for any of the following reasons?’ (yes/no) as
listed in Figure 1.

For the purpose of this analysis, primary predictor variables
included in each model represent sociodemographic
characteristics: place of birth, race/ethnicity, home ownership,

Figure 1. Health communication domains.
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education, income, age, and sex. Hot-deck imputation was used
to replace missing responses with imputed datafor the race and
ethnicity variables in HINTS 2012. With this approach, the
resulting distribution preserved the distribution of values
observed for respondents.

All models adjusted for occupational status, marital status,
children, health information—seeking (ever sought health
information from any source), regular access to a health care
provider, insurance status, health status, personal cancer history,
and family cancer history.

We used multivariable logistic regression to model the fitted
oddsthat SES (education and income), race/ethnicity, age, and
sex independently and differentially predicted eHealth usagein
the population of online US adults. We used SAS-callable
SUDAAN 10.0.1 to account for the complex sampling design
used in HINTS and to incorporate jackknife replicate weights
needed to compute accurate standard errors. All analyses were
weighted to provide nationally representative estimates. We
calculated weighted percentages, odds ratios (OR), and 95%
confidence intervals (ClI) utilizing compl ete case analyses with
listwise deletion for each model (N=2358).
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Results

Summary

Weighted and unweighted unadjusted prevalence estimates for
each dependent variable are presented in Table 1 (demographics)
and Table 2 (eHealth tasks). For health care—related tasks, the
prevadlence of eHedth usage is generally low, with
approximately 18.95% (509/2358) of online US adultsreporting
ever having engaged in activities such as emailing providers,
19.29% (501/2358) tracking health information online, and
17.67% (459/2358) buying medicine online. Slightly more
people have used the Internet to search for ahealth care provider
(38.42%, 861/2358). For health information—seeking tasks,
eHealth usage is notably more prevalent. Nearly 80% (79.04%,
1833/2358) of online American adults have used the Internet
to look for health information for themselves and 57.04%
(1342/2358) have used the Internet to look for health information
for someone else. Approximately 42.98% (925/2358) have used
the Internet in the past year to help with diet, weight, or physical
activity, but far fewer have used it to download health
information to a mobile device (11.70%, 261/2358). In terms
of engagement with user-generated content, only a small
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proportion of the population (3.26%-4.63%, 76-110/2358 of
online US adults) took advantage of interactive Web features,
such as participating in an online support group or health-related
blog. Use of social networking sites (SNS) for health is a bit
higher, with 16.80% (345/2358) of online Americans saying
they have visited sites such as Facebook or Linkedin to read or
share about medical topics.

Pursuant to our central research question on potential
communication inequalities in eHealth usage, results for our
multivariable logistic regression analyses are presented by the
domains of health care, health information—seeking, and
user-generated content/sharing. Among online adults, therewas
little evidence of a digital use divide by race/ethnicity.
Generally, non-Hispanic blacks, Hispanics, and people of other
races were no more or less likely than non-Hispanic whites to
engagein eHealth activities. Being of other race was predictive
of ailmost a 3-fold increase in the odds of downloading health
information to a mobile device and twice the odds of using the
Internet to look for a health care provider. However, the most
significant differences in eHealth use were across SES (either
by education, income, or both) and by age and sex. Findings
are summarized subsequently.
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Table 1. Weighted and unweighted unadjusted prevalence estimates for sample demographics, Health Information National Trends Survey (HINTS)
4 Cycle 1, October 2011 to February 2012 (N=2358).

Sociodemographics n Unweighted % Weighted %
Agegroup

18-34 440 18.66 35.21

35-49 680 28.84 30.07

50-64 824 34.94 24.63

65-74 292 12.38 7.03

>75 122 517 3.05

Highest level of school completed

<High school 401 17.01 23.58
Some college 761 3227 35.25
College graduate or more 1196 50.72 41.17
Race/ethnicity (imputed)

Non-Hispanic white 1657 70.27 70.43
Hispanic 215 9.12 11.50
Non-Hispanic black 322 13.66 10.39
Non-Hispanic other 164 6.96 7.69

Annual household income

Less than $20,000 329 13.95 16.79
$20,000 to <$35,000 313 13.27 14.33
$35,000 to <$50,000 313 13.27 11.27
$50,000 to <$75,000 437 18.53 18.69
>$75,000 821 34.82 33.04
Missing 145 6.15 5.88
Sex

Male 931 39.48 48.36
Female 1427 60.52 51.64

Ever diagnosed as having cancer?
Yes 311 13.19 7.34
No 2047 86.81 92.66

Any family members ever had cancer?

Yes 1506 63.87 62.92
No/not sure/missing 852 36.13 37.08
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Table 2. Weighted and unweighted unadjusted prevalence estimates for eHealth tasks, Health Information National Trends Survey (HINTS) 4 Cycle
1, October 2011 to February 2012 (2012) (N=2358).

eHealth Task n Unweighted % Weighted %
Ever looked for information about health or medical topicsfrom any source?
Yes 2132 90.42 88.79
No 226 9.58 1121
In the past 12 months, used email or Internet to communicate with a doctor or doctor’s
office?
No 1849 78.41 81.05
Yes 509 21.59 18.95

In the past 12 months, bought medicine or vitamins online?
No 1899 80.53 82.33
Yes 459 1947 17.67
In the past 12 months, used the Internet to look for a health care provider?
No 1497 63.49 61.58
Yes 861 36.51 38.42
In thelast 12 months, used the Internet to keep track of personal health information
No 1857 78.75 80.71
Yes 501 21.25 19.29
In the past 12 months, used a website to help with diet, weight, or physical activity?
No 1433 60.77 57.02
Yes 925 39.23 42.98
Inthelast 12 months, used the I nternet to download health-related info to a mobile device

No 2097 88.93 88.30
Yes 261 11.07 11.70
In the past 12 months, used the Internet to look for health or medical information for
self?
No 525 223 21
Yes 1833 7.7 79
In the past 12 months, used the Internet to look for health or medical information for
someone else?
No 1016 43.09 42.96
Yes 1342 56.91 57.04

In the past 12 months, participated in an online support group for peoplewith a similar
health or medical issue?

No 2248 95.34 95.37
Yes 110 4.66 4.63
In the past 12 months, visited a social networking siteto read and share about medical
topics?
No 2013 85.37 83.20
Yes 345 14.63 16.80

In the past 12 months, wrotein an onlinediary or blog about any type of health topic?

No 2282 96.78 96.74
Yes 76 3.22 3.26
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Health Care

Online adults with the lowest levels of education were
significantly less likely to use the Internet to look for a health
care provider compared to those with a college degree or more
(OR 0.50, 95% CI 0.33-0.76) (Table 3). The youngest adults
surveyed (18-34 years) had more than twice the odds of
engaging in online provider searches compared to the oldest
group aged 65 years and older (OR 2.24, 95% Cl 1.20-4.16).
Whereas, women were more likely than men to search for a
health care provider online (OR 1.53, 95% Cl 1.14-2.04).

Among online adults, we again saw evidence of ausage gap by
education and sex with regard to using email or the Internet to
communicate with a doctor or doctor’s office. Those with a
high school degree or less were less likely to engage in this
activity compared to those with a college degree or more (OR
0.46, 95% CI 0.29-0.72). Additionally, women were more likely
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than men to have communicated with a provider by email or
Internet (OR 1.52, 95% CI 1.06-2.19).

Education and sex were aso significant predictors of tracking
personal health information online. High school graduates and
thosewith lower level s of education werelesslikely than college
graduates to have tracked this information online (OR 0.53,
95% Cl 0.32-0.84), whereaswomen were 1.5 times aslikely to
have done so than men were (OR 1.52, 95% Cl 1.06-2.19).

We saw different patternsin use when examining who purchased
medicine or vitamins online. Income level and place of birth
weresignificant predictors; those earning <$20,000 and between
$20,000 and <$35,000 annually were significantly less likely
than those in the highest income category to have made medicine
or vitamin purchases online (OR 0.34, 95% CI 0.12-0.95 and
OR 0.38, 95% CI 0.16-0.90, respectively), whereas those not
born in the United States had more than 2.5 times the odds of
having done so (OR 2.64, 95% CI 1.37-5.09).
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Table 3. Multivariable logistic regression models for odds? of reporting yes to eHealth usage by socioeconomic status and race/ethnicity, Health

Information National Trends Survey (HINTS), 2012.

Sociodemographics Looked for hedthcare  Used email or Internetto Bought medicineor vita-  Tracked personal health
provider communicatewithdoctor minsonline information online
OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI

Education

<High school degree 0.50 0.33,0.76 0.46 0.29,0.72 0.67 0.34,1.32 0.53 0.32,0.84

Some college 0.73 0.49, 1.09 0.71 0.50, 1.02 0.99 0.67, 1.46 0.75 0.50, 1.13

>College degree (ref) 1.00 1.00, 1.00 1.00  1.00,1.00 1.00  1.00, 1.00 1.00 1.00, 1.00
Born in United States

No 1.29 0.73, 2.26 1.03 0.49, 2.14 2.64 1.37,5.09 1.19 0.58, 2.46

Yes (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Race/ethnicity

Hispanic 0.73 0.44,1.16 121 0.69, 2.13 101 0.49, 2.10 1.04 0.60, 1.81

Non-Hispanic black 1.52 0.72,3.18 0.94 0.49,1.79 1.39 0.50, 3.91 1.23 0.73, 2.06

Other race 2.02 1.01, 4.04 1.68 091,311 0.79 0.43, 1.46 1.82 0.81, 4.07

Non-Hispanic white (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Home owner ship

Rent or occupy without rent 1.06 0.67,1.68 1.04 0.72,1.51 0.81 0.51,1.28 1.19 0.86, 1.64

Own (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Annual household income

<$20,000 0.86 0.38, 1.97 0.37 0.13, 1.02 0.34 0.12,0.95 0.78 0.31,1.94

$20,000 to <$35,000 0.70 0.35, 1.38 0.49 0.23, 1.06 0.38 0.16, 0.90 0.81 0.45, 1.46

$35,000 to <$50,000 151 0.95, 2.40 0.67 0.40, 1.13 0.70 0.32,1.54 0.64 0.36, 1.15

$50,000 to <$75,000 1.00 0.64, 1.58 0.71 0.47,1.06 0.91 0.60, 1.37 131 0.80, 2.14

>$75,000 (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Age

18-34 224 1.20,4.16 0.91 048, 1.70 0.85 0.46, 1.58 124 0.69, 2.22

35-49 1.55 0.91, 2.63 0.77 0.47,1.24 0.68 0.40, 1.14 0.90 0.58, 1.39

50-64 150 0.90, 2.51 0.84 0.51, 1.37 0.73 0.46, 1.16 0.91 0.65, 1.28

>65 (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Sex

Female 1.53 1.14,2.04 1.47 1.03, 2.09 0.98 0.65, 1.47 1.52 1.06, 2.19

Male (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

8A|| estimates are weighted. All models control for occupational status, marital status, children, health information—seeking (ever sought health information
from any source), regular access to a health care provider, insurance status, health status, personal cancer history, and family history of cancer.

Health I nfor mation—-Seeking

Age was the sole predictor of whether online adults used the
Internet in the past 12 months to search for health information
for themselves (Table 4). Adults aged 18-34 years were 3.5
times as likely and adults aged 35-49 years were nearly 2.5
times as likely as those 65 years and older to use the Internet
to search for health information (OR 3.51, 95% CI 1.66-7.44
and OR 2.35, 95% CI 1.17-4.72, respectively).

Age and sex were differentially predictive of using the Internet
to search for health or medical information for someone else.

http://www.jmir.org/2014/7/e172/

Those aged 35-49 years were 1.5 times as likely to have used
the Internet for this purpose as those 65 years and older (OR
1.52,95% CI 1.00-2.31). Women were approximately 1.5times
aslikely as men to have done so (OR 1.46, 95% Cl 1.06-2.01).

Similarly, we identified gaps by age, education, and incomein
use of websites to help with diet, weight, or physical activity.
Overwhelmingly, those in younger age categories were
significantly more likely than those aged 65 and older to have
used a website for this purpose: age 18-34 (OR 3.37, 95% ClI
2.00-5.69), age 35-49 (OR 2.57, 95% CI 1.66, 3.99), and age
50-64 (OR 2.22, 95% 1.43-3.43). Those with a high school
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degree or less and those with some college were approximately
35% less likely than college graduates to have done so (OR
0.64, 95% Cl 0.42-0.98 and OR 0.67, 95% Cl 0.49-0.93,
respectively). Additionally, those making less than $20,000 per
year were nearly 50% less likely than those in the highest
income category to have used the Web for this purpose (OR
0.46, 95% Cl 0.24-0.86).

In terms of downloading health-related information to amobile
device, such as an MP3 player, cell phone, tablet computer, or

Kontos et al

electronic book device, we observed a few usage gaps by
education level and race/ethnicity. Those with some college
were 46% less likely than those with a college degree to have
gone online for this purpose (OR 0.54, 95% CI 0.33-0.89) and
those in the lowest education bracket were 58% less likely to
engage in this eHealth task, but this did not meet statistical
significance (OR 0.42, 95% CI 0.17-1.02). Those of other race
were nearly 3 times as likely to download health information
to a mobile device compared to their non-Hispanic white
counterparts (OR 2.78, 95% CI 1.33-5.86).

Table 4. Multivariable logistic regression models for odds? of reporting yes to eHealth usage, by socioeconomic status and race/ethnicity, Health

Information National Trends Survey (HINTS), 2012.

Sociodemographics Looked for healthinfor- ~ Looked for hedlthinforma-  Used website to help Downloaded hedthinfor-
mation for self tion for someone else track diet, weight, mation to mobile device
physical activity
OR 95% ClI OR 95% ClI OR 95% ClI OR 95%ClI

Education

<High school degree 0.64 041,1.01 0.72 0.46, 1.10 0.64 0.42,0.98 042 0.17,1.02

Some college 0.67 0.44, 1.02 0.70 0.46, 1.05 0.67 0.49,0.93 054 0.33,0.89

>College degree (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00,1.00
Born in United States

No 1.43 0.68, 2.99 129 0.67,2.48 1.39 0.77,2.49 136 0.65,2.88

Yes (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Race/ethnicity

Hispanic 0.62 0.27,1.45 0.89 0.51, 1.57 1.58 0.80, 3.11 147 0.57,3.82

Non-Hispanic black 121 0.66, 2.23 1.32 0.65, 2.68 1.00 0.55, 1.82 1.73 0.88,342

Other race 1.13 0.40, 3.20 1.78 0.94,3.34 1.40 0.75, 2.60 278 133,586

Non-Hispanic white (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00,1.00
Home owner ship

Rent or occupy without rent 0.89 0.59, 1.33 113 0.72,1.79 1.06 0.72,1.57 118 0.62,224

Own (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Annual household income

<$20,000 0.84 0.39, 1.80 1.06 0.52,2.15 0.46 0.24,0.86 1.28 0.59, 2.80

$20,000 to <$35,000 0.83 040, 1.74 1.45 0.72,2.90 0.72 0.39,1.32 0.88 0.37,2.13

$35,000 to <$50,000 0.94 0.50, 1.75 1.10 0.60, 2.00 0.59 0.34,1.05 081 0.38,1.75

$50,000 to <$75,000 0.87 0.47,1.59 1.02 0.68, 1.52 112 0.74,1.72 1.09 0.61,1.96

>$75,000 (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Age

18-34 351 1.66, 7.44 131 0.74,2.31 3.37 2.00, 5.69 178 0.77,4.09

35-49 2.35 1.17,4.72 152 1.00, 2.31 257 1.66, 3.99 0.89 043,184

50-64 1.62 0.87, 3.02 144 0.95, 2.19 2.22 1.43,3.43 132 0.66, 2.62

>65 (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00,1.00
Gender

Female 1.43 0.96, 2.12 1.46 1.06, 2.01 125 0.93,1.70 121 0.75,1.93

Male (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

8All estimates are weighted. All models control for occupational status, marital status, children, health information-seeking (ever sought health information
from any source), regular access to a health care provider, insurance status, health status, personal cancer history, and family history of cancer.
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Engagement in User-Generated Content and Social
Media

We saw differencesin health-related social media use by SES,
sex, and age among online adults (Table 5). Both lower
education and lower income were predictive of using SNS, such
as Facebook, to read or share about medical topics. Those with
some college were more than 1.5 times as likely as those with
a college degree to engage in this eHealth activity (OR 1.59,
95% CI 1.06-2.39). Similarly, those with household incomes
less than $20,000 were more than twice as likely to use SNSto
read or share about health (OR 2.12, 95% CI 1.04-4.29) and
those earning $20,000-$35,000 were also nearly twice aslikely
to engage in this activity compared to those with a household
income of $75,000 or more, although thisdid not meet statistical
significance (OR 1.82, 95% CI 0.99-3.32). Moreover, we saw
a fine gradation of effect from the youngest to oldest age
categories for SNS health use. Compared to those aged 65 and
ol der, those aged 18-34 were nearly 3 timesmore likely to have
gone online for this purpose and those aged 35-49 were more
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than twice aslikely to have done so (OR 2.81, 95% CI 1.13-7.00
and OR 2.27, 95% Cl 1.00-5.17, respectively).

Participation in an online support group for peoplewith asimilar
medical issuewas more prominent among women; women were
nearly 3timesaslikely to participatein an online support group
compared to men (OR 2.79, 95% CI 1.20-6.51). Those with a
household income of $50,000-$75,000 were more than twice
as likely compared to the highest income bracket to do so (OR
2.22, 95% CI 1.04-4.73). In terms of writing an online blog
about a health topic, women were more than 4 times as likely
as men to have done so (OR 4.31, 95% CI 1.78-10.42).

Having a connection to cancer was also predictive of engaging
in user-generated content for health. Respondentswith afamily
history of cancer were nearly 3 times as likely to have
participated in an online support group than those without a
family cancer experience (OR 2.96, 95% CI 1.00-3.83). Cancer
survivorswere nearly 3times aslikely to have writteninablog
about a health topic compared to those with no cancer history
(OR 2.93, 95% CI 1.00-8.63).
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Table 5. Multivariable logistic regression models for odds? of reporting yes to eHealth usage, by SES and racefethnicity, Health Information National
Trends Survey (HINTS), 2012.

Participated in an online sup-

Visited asocial networking site Used email or Internet to write POt group for people with a
to read and share about medical  in an online diary or blog about ~ Similar health or medical is-

Sociodemographics topics any type of health topic sue?
OR 95% ClI OR 95% ClI OR 95% ClI
Education
<High school 111 0.64, 1.92 1.05 0.38,2.90 0.90 0.27,3.00
Some college 1.59 1.06, 2.39 1.13 045, 2.85 1.44 0.79, 2.64
College degree or more (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

Born in United States

No 0.77 0.42,1.39 143 0.31, 6.68 1.96 0.36, 8.86

Yes (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Race/ethnicity

Hispanic 0.90 0.39, 2.09 0.62 0.12,3.20 191 0.61,5.95

Non-Hispanic black 1.24 0.57, 2.67 1.32 0.39, 4.53 0.57 0.17,1.88

Other race 1.08 0.48, 2.43 1.33 0.26, 6.83 1.80 0.50, 6.45

Non-Hispanic white (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

Home owner ship

Rent or occupy without rent 1.23 0.72,2.10 1.18 0.37,3.71 0.83 0.34,2.01
Own (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Annual household income
<$20,000 212 1.04,4.29 0.87 0.24,3.15 0.87 0.13,5.83
$20,000 to <$35,000 1.82 0.99, 3.32 241 0.73,7.95 131 0.33,5.26
$35,000 to <$50,000 1.56 0.82,2.94 1.18 0.40, 3.55 1.02 0.28, 3.79
$50,000 to <$75,000 112 0.59,2.13 1.28 0.50, 3.28 222 1.04,4.73
>$75,000 (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Age
18-34 281 1.13, 7.00 391 0.59, 25.94 1.99 0.47, 8.45
35-49 2.27 1.00, 5.17 1.65 0.27,10.23 1.38 0.34,5.65
50-64 1.59 0.72,3.49 1.70 0.25,11.68 0.86 0.15, 4.97
>65 (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Sex
Female 1.48 0.88, 2.49 431 1.78,10.42 2.79 1.20, 6.51
Male (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Cancer experience
Cancer diagnosis (seif) 1.07 0.63, 1.81 2.93 1.00, 8.63 1.36 0.62, 2.99
No cancer diagnosis (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Family history of cancer 1.08 0.72,1.62 114 0.52,2.53 2.96 1.00, 3.83
No family history (ref) 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00

8A|| estimates are weighted. All models control for occupational status, marital status, children, health information—seeking (ever sought health information
from any source), regular access to a health care provider, insurance status, health status, personal cancer history, and family history of cancer.

bFor the online support group model, high school degree and no high school degree were collapsed into 1 predictor variable to increase cell size for
analysis.
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Discussion

Being younger and female has consistently been predictive of
increased use of eHealth [5,21,25,47]. Younger generations
who have grown up with technology have been labeled “ digital
natives’ and they are more comfortable using technology for
everyday needs, including management of their health care
needs. In comparison, older generations, labeled “digital
immigrants,” have had to learn and acquire the necessary skills
needed to navigate the Internet and are generaly less
comfortable using technology [48]. Females a'so tend to have
increased eHealth utilization due in part to their higher
engagement in both health care-related online activities and
increased use of general socia media, such as SNS [3-5,49].
This could be because of their role asthe health care liaison for
their family members.

Our analysis identifies specific proxies of SES that are more
reliably associated with eHealth use. Education was more
consistently predictive of eHealth use acrossthe health careand
information-seeking domains, whereas household income was
somewhat less predictive across items and domains. Although
both education and income have been used to describe SES, in
considering technology use and health communication, our
analysis suggests that education may be a more salient proxy
as compared to income.

Furthermore, this distinction between common proxiesfor SES
may offer insight into the fundamental drivers of online use for
health and subsequently assist in the development of more
effective interventions and programs. Divides among those less
educated indicate that issues of health literacy and eHeath
literacy may be important factors. Research is emerging that
advocates matching eHealth technology to the eHealth literacy
(defined as “the ability to seek, find, understand, and appraise
health information from el ectronic sources and apply knowledge
gained to addressing or solving a health problem”) of the
intended user [50-52]. Future analyses of online
communication-based interventions should better investigate
and address issues pertaining to eHealth literacy in an effort to
reduce communication inequalities across low-SES groups.

It is also important to examine the direction of the relationship
between education and engagement in eHealth tasks. Lower
levels of education were associated with increased use of social
media for health, whereas higher levels of education were
associated with increased use of the Internet to engagein health
care-related activities and search for information—much like
the patterns we see for static Web 1.0 engagement. Similar
patterns are seen in the Pew Internet & American Life Project’s
2013 Health Online study in that higher percentages of
non-Hispanic blacks (35%) and Hispanics (38%) reported using
their mobile phones to access health information compared to
non-Hispanic whites (27%) [5]. These differencesin use across
domains may indicate potential inequalities in not only the
quality of information obtained, but also patients' engagement
with the health care system. Further empirical examination is
warranted to better objectively assess quality of health
information shared via social media compared with more basic
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Web 1.0 sitesaswell asquality and satisfaction of care between
those that engage in eHealth care and those that do not.

On the other hand, our study also indicates the potential for
eHealth technologies to aid in reducing communication
inequalities and disparities in health. Our data found no racial
divides among the most vulnerable groups in eHealth use once
access was achieved; there was only increased use of
downloading information to amobile device and looking online
for a health care provider among other race individuals. This
finding is consistent with several prior studies [5,25,35] and
points to the opportunity to better explore the association
between eHealth utilization and health outcomes among
Hispanic and non-Hispanic blacks more directly.

Although our research isan important addition to the literature,
we noteits limitations. First, the low survey response rate may
increase sampling error in our estimates, however, overall
sampling coverage was enhanced through the stratified design.
Also, because this was a cross-sectional survey study, it is
challenging to account for unmeasured confounding variables.
Future studies should examine potential factorsrelated to those
sociodemographic variables that were predictive of our
outcomes, such as literacy, to determine their role in eHealth
use. In addition, our study does not attempt to examine factors
that may moderate or perhaps mediate the main associations
presented within this analysis. For example, past research has
examined the role of trust in terms of patients' trust of the
Internet as well as their own physicians and/or the health care
system [53,54]. Examination of these psychographic variables
is an important addition in better understanding the complex
predictors of eHealth use. Yet, with such persistent inequalities
in health, we cannot underestimate the importance of
maintaining a constant understanding of eHeath use by
sociodemographic characteristics.

A more qualitative examination into the rationale offered by
patientsfor their eHealth utilization would build upon thiswork
and offer a more robust understanding of why certain groups
do and do not use the Internet for health purposes. A recent
study conducted by the Pew Internet & American Life Project
reports that 36% of non-Internet users cited that they did not
use the Internet because they did not think that it was relevant
to them, whereas 32% reported difficultly in use [55].
Investigation as to whether or not these reasons are applicable
to eHealth use is warranted.

This study illustrates that lower SES, older, and male online
US adults were less likely to engage in a number of eHealth
activities compared to their counterparts. In an effort to reduce
existing disparitiesin health outcomes, clinical and public health
communi cation strategies should be attuned to these differences
in online use.

Our results have important implications for clinical care and
public health communication efforts attempting to leverage
Web 2.0 and 3.0 platforms. It isevident that aone size/platform
would not fit all, as significant demographic and individual
factorsinfluence eHealth engagement. For example, campaigns
and interventionstargeting women or younger popul ations may
see successin utilizing user-generated content and sharing sites.
Whereas, in the current Chronic Care Model of medical care,
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offline materials should perhaps supplement online health to information across educational strata, age, and sex.
information if practitioners would like to ensure equal access
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Abstract

Background: The emergence of the Internet has increased access to health information and can facilitate active individual
engagement in health care decision making. Hispanics are the fastest-growing minority group in the United States and are al'so
the most underserved in terms of access to online health information. A growing body of literature has examined correlates of
online health information seeking behaviors (HISBs), but few studies have included Hispanics.

Objective: The specific aim of this descriptive, correlational study was to examine factors associated with HISBs of Hispanics.

Methods: The study sample (N=4070) was recruited from five postal zip codes in northern Manhattan for the Washington
Heights Inwood Informatics Infrastructure for Comparative Effectiveness Research project. Survey data were collected via
interview by bilingual community health workers in a community center, households, and other community settings. Data were
analyzed using bivariate analyses and logistic regression.

Results: Among individual respondents, online HISBs were significantly associated with higher education (OR 3.03, 95% Cl
2.15-4.29, P<.001), worse health status (OR 0.42, 95% CI 0.31-0.57, P<.001), and having no hypertension (OR 0.60, 95% ClI
0.43-0.84, P=.003). Online HISBs of other household members were significantly associated with respondent factors: female
gender (OR 1.60, 95% CI 1.22-2.10, P=.001), being younger (OR 0.75, 95% CI 0.62-0.90, P=.002), being married (OR 1.36,
95% Cl 1.09-1.71, P=.007), having higher education (OR 1.80, 95% Cl 1.404-2.316, P<.001), being in worse health (OR 0.59,
95% CI 0.46-0.77, P<.001), and having serious health problems increased the odds of their household members' online HISBs
(OR 1.83, 95% CI 1.29-2.60, P=.001).

Conclusions: Thislarge-scale community survey identified factors associated with online HISBs among Hispanics that merit
closer examination. To enhance online HISBs among Hispanics, health care providers and policy makers need to understand the
cultural context of the Hispanic population. Results of this study can provide afoundation for the devel opment of informati cs-based
interventions to improve the health of Hispanicsin the United States.

(J Med Internet Res 2014;16(7):€176) doi:10.2196/jmir.3499
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Introduction

Since the Internet has become a promising source of health
information for the general public and a target of health
information seeking behaviors (HISBs), the use of the Internet
for health purposesis an important topic [1-6]. Those living in
metropolitan areas with populations larger than 250,000 have
been more likely to access the Internet than residents of rural
communities [7-9]. Moreover, individuals residing in urban
areas are more likely to use the Internet to seek health-related
information [3,9]. Although use of the Internet differs by
geographic location, social and economic disparities such as
geographic distribution of race and ethnicity groups likely
account for those differences [9,10].

Hispanics are the most underserved population in the US in
terms of accessto online health information because of limited
opportunities for education and employment and an increased
prevalence of poverty [10-13]. According to the US Census
Bureau, 16% of the US population (50.5 million) identified
themselves as Hispanic or Latino in 2010 [14]. Of Hispanic
Internet users, 66% have used the Internet for searching health
information. However, non-Hispanic whites and African
Americans are more likely to seek health information through
the Internet: 73% and 69% respectively [15].

Reducing theinequality of accessto health informationislinked
to reducing and preventing an unequa burden of disease. In
2010, the Department of Health and Human Services launched
“Healthy People 2020”, which included an objective “to increase
the proportion of online health information seekers who report
that they can easily access health information” [16]. To meet
this objective, the characteristics of individuals who search for
health information via the Internet needed to be identified
[17,18]. A growing body of literature has examined correlates
of online HISBs; however, to our knowledge, there arefew such
studies about the Hispanic community.

As a part of a larger study, the Washington Heights Inwood
Informatics Infrastructure for Comparative Effectiveness
Research (WICER) project, our study aimed to examinefactors
associated with online HISBs among Hispanics.

Methods

Theoretical Framewor k

Bodie and Dutta's Integrative Model of eHealth Use [19]
informed the devel opment of the research question and selection
of study variablesfor our study: What demographic, situational,
and literacy factors (health and computer literacy) are associated
with online HISBs among Hispanic survey respondents and
other members of the same household?

According to the model, variables such as demographics,
situational, personal, and cultural factors affect the use of the
Internet for obtaining health information [19]. Differences in
these variables may contributeto health disparitiesand adigital

http://www.jmir.org/2014/7/e176/

divide between people who have and people who do not have
access to Internet technology [19]. This model suggests that
disparities in social structures such as socioeconomic factors
lead to individual-level differences in motivation and online
health information seeking ability. The difference in online
HISBs causes disparities in lifestyle that are related to health
outcomes and continue to contribute to health care disparities
[19].

Setting and Sample

The study setting included five zip codes (10031, 10032, 10033,
10034, and 10040) that represent the Washington Heights
Inwood community of Northern Manhattan. These communities
have been designated as medically underserved areas by the
Centers for Medicare and Medicaid Services since they meet
therelevant criteriaregarding thelevel of poverty, the proportion
of elderly, the incidence of infant mortality, and the ratio of
primary care providers to population [20,21]. Currently, 71%
of Washington Heights and Inwood arearesidents are Hispanic
[22]. The sample comprised 4070 residents, who completed the
WICER household survey between March 2011 and November
2012. Residentswho were 18 years or older, English or Spanish
speaking, and Hispanic were eligible for inclusion in the study.

Recruitment

After approval by the Columbia University Medical Center
Ingtitutional Review Board, recruitment of eligible participants
was initiated using multiple methods. Data were collected in
households, businesses, or at a designated community space,
the Columbia-Community Partnership for Health (CCPH). For
the CCPH sample, we recruited a convenience sample of
individuals who came to the Center for blood pressure checks
or becausethey werereferred by friends. Most of the participants
were recruited by a snowball sampling method using
respondents’ social networks. At the end of the survey interview,
interviewers asked participants if they were willing to refer
members of their social network for study participation.

Survey Procedures

All interviewers were bilingual and familiar with the
Washington Heights and Inwood community. They completed
relevant human subjectsresearch training and didactic and field
training with the interview guide. Their work was monitored
on a daily basis by the survey coordinator who reviewed all
interview data. The survey coordinator also conducted regular
spot checks of the data collection process in the field.
Interviewees were re-trained on an as-needed basis. Before
conducting interviews, thetrained interviewer obtained informed
consent from the participant in their language of choice (English
or Spanish). All survey itemswere self-reported. Theinterview
process took approximately 45 minutes to one hour, and
participants received US $25 compensation for their time.

Data M anagement

All survey data were entered into Lime Survey, a Web-based
data management tool, on a secure server. The baseline survey
from unique respondents was used in the analyses. Data were
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cleaned, and subjects with missing or invalid values for the
study variables were removed from the analysis. Data were
extracted from Lime Survey into SPSSv. 20.0 for analysis.

Study Variables

Based upon the theoretica framework for the study, the
correlates of interest in this study were demographic

Table 1. Conceptualization and measurement of study variables.

Leeetd

information, situational factors, health literacy, and computer
literacy (Table 1). The two dependent variables in the study
were online HISBs of respondents and online HISBs of their
household members.

Concept Variable Definition Datatype Instrument

Demographic informa-  Age, gender, employment, Categorical,

tion marital status, educational lev- Continuous

el, insurance
Situational factors Hypertension, health problems, The specific health situations faced by  Categorical Blood pressure question
general hedlth status apatient and their subsequent consumer [23], Chronic Burden
health information needs Scale[24], SF-8 health
survey [25]

Hedlth literacy Health literacy The degree to which individuals have  Continuous Newest Vital Sign En-
the capacity to obtain, process, and glish or Spanish [26]
understand basic health information
and services needed to make appropri-
ate health decisions

Computer literacy Experiences of social network- Computer skills and ability to use Categorical Use of social networking

ing technology toimprovelearning, produc- sites
tivity, and performance
Online health informa=  Online support group or com-  The interaction of anindividual with  Categorical Health Information Na-

tion seeking behaviors ~ munication with clinicians

or through an electronic device or
communication technology to access

tional Trends Survey
(HINTS) [27]

or transmit health information or to re-
ceive guidance and support on ahealth-

related issue

Instruments

Demographic and Situational Factors

As summarized in Table 1, demographic and situational data
regarding the househol d respondent and each household member
were obtained during theinterview. Hypertension was measured
by the question, “Have you ever been told by a doctor, nurse,
or other health professional that you had hypertension also called
high blood pressure or pressure?’ [23]. Serious health problems
were measured by a question, “Have you experienced any
serious persona health problems that have lasted for at least 6
months?’ from the Chronic Burden Scale [24]. Self-reported
general health status was recorded in five categories: excellent,
very good, good, fair, and poor. General hedth status was
measured on a 5-point Likert scale (1=excellent and 5=poor)
from the Short Form-8 Health Survey (SF-8) [25].

Health Literacy

The Newest Vital Signin either English or Spanish (NVS) was
used to assess health literacy in the study population. The NVS
includes 6 questionsto test reading, interpretation, and numeracy
skills based on a nutritional label from an ice cream container
[26]. This general measure was selected, rather than a more
specific measure of eHealth literacy, because of its wide use
and WICER's overall goal of understanding the health of the
community and social determinants influencing health.

http://www.jmir.org/2014/7/e176/

Computer Literacy

The US Department of Education defines computer literacy as
“computer skills and ability to use technology to improve
learning, productivity, and performance” [28]. However, the
definition of computer literacy changes with the technology
evolution [29], and several recent studies have demonstrated
the positive relationship between use of social networking sites
and compurter literacy [30,31].

Based on this evidence and the fact that computer literacy was
not directly measured inthe WICER study, use of social network
sites was used as a proxy measure for computer literacy. It was
measured by the question, “Do you belong to any social
networking sites like Facebook, MySpace, or Twitter?

Online Health I nformation Seeking Behaviors

Robinson et a (1998) defined interactive health communication
as “the interaction of an individual—consumer, patient,
caregiver or professional—with or through an el ectronic device
or communication technology to access or transmit health
information or to receive guidance and support on a
health-related issue” [32]. Based on the definition, this study
considered participation in an online support group, email
communication with physicians, and using the Internet to look
up health or medical information as online HISBsin this study.

Thus, to measure online HISBs, four questions from the Health
Information National Trends Survey (HINTS) were used [27].
Respondents' HISBs were measured using three questions: “In
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the past 12 months, (1) Have you participated in an online
support group for people with similar health or medical issues?
(2) Have you used email or the Internet to communicate with
a doctor or doctor’s office? (3) Have you used the Internet to
look up headth or medical information?” The HISBs of
respondents’ household memberswere measured using asingle
question: (4) “Does anyone in your household use the Internet
to look up health or medical information?” An affirmative
response to any of the first three questions was coded as “yes”
ononline HISBs. An affirmative response to the fourth question
was coded as “yes’ on household HISBs.

Statistical Analysis

Respondents' online HISBs and those of other household
members were analyzed separately. Education was coded as <
or = high school, insurance as yes/no, and birthplace as United
States or elsewhere. Health literacy scoresfrom NV Swere used
asacontinuous variable[33]. For the NV'S, “refused” or “don’t
know” and missing values were treated as wrong answers and
received O points.

Initially, univariate analyses were used to examine the frequency
and distribution of study variables, calculating mean and
standard deviation, range, frequency, and percentage as
appropriate. Correlates of respondents’ HISBs and those of
respondents’ household members were analyzed in separate
models. Bivariate analyses, including chi-squaretestsand t tests,

http://www.jmir.org/2014/7/e176/
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were used to examine differences between those reporting
HISBs and those who did not (separately for respondents and
for their household members) in terms of demographic,
situational, and literacy (health, computer) variables.

Binary logistic regression analyses were conducted to examine
factors associated with online HI SBs of respondent and online
HISBs of household members. Variables that were significant
in the chi-square or t test were selected for regression models
and entered hierarchically with demographic and situational
factors entered first followed by literacy factors. Level of
significance for testing of each model was set to an alpha of
.05.

Results

Characteristics of Respondents

Demographic Factors

The average age of respondents was 51.2 years old (SD 16.8,
range 18-104); 71.33% (2903/4070) were women and 88.80%
(3614/4070) were foreign born (Table 2). More than half of the
respondentswere unemployed (65.18%, 2653/4070), not married
(63.10%, 2568/4070), and had aless than high school education
(51.74%, 2106/4070). A majority of participants (77.00%,
3134/4070) were Medicare or Medicaid beneficiaries, 15.33%
(624/4070) had privete or other insurance, and 8.79% (358/4070)
were uninsured.
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Table 2. Descriptive characteristics of Hispanic participants (N=4070).

Variables Respondents, n (%)

Demographic factors

Gender
Men 1133 (27.84)
Women 2903 (71.33)
Employment status
Employed 1411 (34.67)
Unemployed 2653 (65.18)
Marital status
Married/living as 1457 (35.79)
Otherwise 2568 (63.09)
Education
<High school graduate 2106 (51.74)
>High school graduate 1906 (46.83)
Birthplace
Born in the United States 445 (10.93)
Born in other countries 3614 (88.79)
Insurance
Medicare/Medicaid 3134 (77.00)
Others (veterans, private, etc) 624 (15.33)
None 358 (8.79)
Situational factors
General health status
<Good 921 (22.63)
>Good 3055 (75.06)
Hypertension
Yes 1608 (39.50)
No 2426 (59.60)
Serious personal health problems
Yes 342 (8.40)
No 3696 (90.81)
Literacy factors
Social networking sites
Yes 867 (21.30)
No 2815 (69.16)
Online health infor mation seeking behaviors
Respondent 317 (7.89)
Household member 466 (11.45)
Demographic factors
Age, mean (SD) 51.2 (16.81)
Literacy factors
Health literacy, mean (SD) 2.1(1.96)
http://www.jmir.org/2014/7/e176/ JMed Internet Res 2014 | vol. 16 | iss. 7 [e176 | p.154
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Situational Factors

Most respondents reported their general health status as at least
“good” (75.06%, 3055/4070) and without serious hedlth
problems (90.81%, 3696/4070). A large proportion of
respondents (39.51%, 1608/4070) answered that they had been
diagnosed with hypertension by aclinician.

Literacy Factors

The mean NVS score was 2.2 (SD 1.96), indicating the
possibility of marginal or inadequate literacy. For computer
literacy, only 21.30% of respondents (867/4070) answered that
they had used social networking sites.

Online Health Information Seeking Behaviors

Only 7.79% of respondents (317/4070) reported at least one of
three HISBs (ie, online support group, email communication
with physician, used the Internet to search for health-related

Leeetd

information); 11.45% (466/4070) reported that a household
member had used the Internet to search for health-related
information.

Factors Associated With Online Health I nfor mation
Seeking Behaviors

Primary Respondent

Several demographic and situational factorswere independently
associated with respondent online HISBs, including having
higher education (OR 3.03, 95% CI 2.15-4.29, P<.001), being
in worse health status (OR 0.42, 95% CI 0.31-0.57, P<.001),
and having no hypertension (OR 0.60, 95% CI 0.43-0.84,
P=.003). Social networking site users were more than three
times more likely than non-users to seek health information
online (OR 3.78, 95% CI 2.78- 5.13, P<.001) (Table 3). Model

fit was poor (Hosmer and Lemeshow x%=17.78, P=.02).

Table 3. Binary logistic regression: correlates of respondents’ online HISBs (N=4070).

Respondent factors Model OR (95% ClI) P value
Demographic and situational factors
Gender 1.33(0.96-1.83) .08
Age 1.14(0.92-1.41) 25
General health status 0.42 (0.31-0.57)2 <.001
Hypertension 0.60 (0.43-0.84)° .003
Insurance 0.81 (0.54-1.22) 31
Employment status 1.17 (0.88-1.54) .29
Education level 3.03(2.15-4.29)% <.001
Nativity 1.25(0.88-1.77) 22
Literacy factors
Health literacy level (NV'S) 0.99 (0.93-1.07) 87
Useof SNS 3.78(2.78-5.13)2 <.001
Hosmer and Lemeshow x28 17.78° 02

3p<,001.
bp<.01.
®p<.05.

Other Household Members

Respondents’ use of social networking was a significant factor
(OR 2.24, 95% CI 1.74-2.89, P<.001), controlling for other
factors, in predicting household members HISBs. Additionally,
several respondents’ characteristics were associated with their
household members online HISBs: female (OR 1.60, 95% ClI
1.22-2.10, P=.001), younger (OR 0.75, 95% Cl 0.62-0.90,

http://www.jmir.org/2014/7/e176/

P=.002), married (OR 1.36, 95% CI 1.09-1.71, P=.007), higher
education (OR 1.80, 95% CI 1.404-2.316, P<.001), being in
worse health status (OR 0.59, 95% CI 0.46-0.77, P<.001), and
having serious health problem (OR 1.83, 95% CI 1.29-2.60,
P=.001) (Table 4). The model for household members' online

HISBsdemonstrated good fit (Hosmer and L emeshow )(28:6.31,
P=.66).
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Table 4. Binary logistic regression: correlates of household members’ online HISBs (N=4070).

Respondent factors Model OR (95% ClI) P value
Demographic and situational factors
Gender 1.60 (1.22-2.10)2 .001
Age 0.75 (0.62-0.90)2 .002
General health status 0.59 (0.46-0.77)° <.001
Hypertension 0.93 (0.72-1.21) .60
Marital status 1.36 (1.09-1.71)3 .007
Employment status 1.18 (0.94-1.49) .16
Education level 1.80 (1.40-2.32)° <.001
Serious health problem 1.83 (1.29-2.60)2 .001
Literacy factors
Hedlth literacy level (NV'S) 0.97 (0.91-1.03) 26
Useof SNS 2.24 (1.74-2.90)° <.001
Hosmer and L emeshow x28 5.85 66

3p<.01.
bp<.001.

Discussion

Principal Results

Summary

Most Hispanics have sought health information from family
and friends or community groupsin the past year [34]. Recently,
thereisincreased reliance on the Internet. The National Health
Interview Survey conducted by National Center for Health
Statistics showed that 28.8% of Hispanics aged 18-64 used the
Internet to find health-related information [35]. However, only
7.79% of our survey respondentsreported online HISBs, which
is significantly lower than the national data [35]. There are
several potential reasons for this difference. First, Washington
Height and Inwood are designated as medically underserved
areas. Another study conducted in amedically underserved area
showed that only 21% of respondents accessed to the Internet
for health information [21]. This suggests that there may be a
significant disparity in online HISBs between underserved
populations and the general population [21]. Second, there may
also beinequalitiesin accessto online health information within
Hispanics due to the heterogeneity of that population
[11,26,36,37], which may explain differences between our
findings and the national data.

This study provides new data regarding correlates of the use of
the Internet by Hispanics for seeking health information.
Findings are summarized and then discussed according to the
concepts from the Integrative Model of eHealth Use [19].

Higher education level, being in worse (poor/fair) health status,
having normal blood pressure (ie, no hypertension), and being
computer literate were positively associated with online HISBs.
However, the final model of respondents online HISBs
demonstrated poor fit. Given the relatively large sample size of

http://www.jmir.org/2014/7/e176/

this study (N=4070), small differences across the sample can
influence model fit [38]. Thus, thisis one potential reason for
the poor model fit. Other potential reasons for the poor model
fit are missing variables that are associated with online HISBs
and operationalization of the study measures.

Furthermore, respondents demographic, situational, and
computer literacy factors were associated with increased odds
of their household members' online HI SBs. Household members
weremore likely to seek health-related information through the
Internet when the respondents were female, younger, married,
highly educated, computer literate, in worse health status, and
had serious health problems. In contrast to the respondent model,
this model demonstrated good fit with the data.

Demographic Characteristics

Studies of the genera population in the United States have
shown that being femae [4,39-43], being younger
[4,7,40,43-47], and having more education are positively
associated with online HISBs [3,4,7,18,39-41,44-49]. Studies
on Hispanics have shown similar results [11,50]. Our findings
are consistent with previous studies that showed that
better-educated respondents were more likely to access health
information through the Internet. In particular, Miller et a found
that Hispanics had the strongest relationship between education
and online HISBs among ethnic and racial groups [51].

However, some of the findings were inconsistent with those
reported in the literature. Age did not influence respondents’
online HISBsin our study, whereas earlier studies showed that
younger age is positively related to online HISBs
[4,7,40,43-47,50]. This may be because the great majority of
the respondents were over 40 years old. Among the survey
respondents, 20.74 % were over 65 years old (844/4070), and
51.33% of respondents were between 40 and 64 years old
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(2089/4070). Recently, the older adultswho use the Internet as
asource of health information have been increasing. About 69%
of the population over age 65 report online HISBs[52,53]. The
number will continue to increase, since the majority of online
health information seekers are adults between 40 and 59 years
old [53,54]. In addition, the US census showed that among
Internet users, older people are more engaged in online HISBs
than younger people [55].

In contrast to our findings, previous studies showed that females
were more likely to search health information through the
Internet [4,11,39-43]. One study found that men and people
without children were more likely to seek health information
for themselves rather than others [56]. The relatively small
proportion of males (27.84%, 1133/4070) coupled with the low
online HISB may have influenced the ability to detect gender
differences even in our large sample. However, our findings
suggest that respondents gender and marital status are
associated with household members online HISBs. Women
play a key role in managing the health of the Hispanic family
[11]; for example, household members may seek health
infformation at a female family member's request. The
relationship between respondents’ marital status and their
household members online HISBs is consistent with
Sadasivam’sfinding that being married was positively associated
with surrogate-seekers' online HISBs [57]. In that study, a
surrogate seeker was defined as a person who looked for health
information for family members or friends [57].

Respondents’ higher education level was positively associated
with household members' online HISBs. Recent studies have
shown that children of less-educated parents are less likely to
seek health information [58]. In our study, about one third of
household memberswho had sought health-rel ated information
were sons, daughters, or grandchildren 33.9% (158/466) of the
respondent.

Situational Factors

Our study showed that individuals with poor health status were
more likely to seek health information through the Internet. This
is consistent with previous studies that have found that people
with poor health status may have stronger needsfor information
[59,60]. Online heath information can meet their higher demand
for health information because of easy access. Their needs for
health information may lead them to use online health
information to manage their health [60].

Respondents without hypertension (ie, normal blood pressure)
weremore likely to seek health information through the Internet.
Previous studies have found that having chronic disease
including hypertension was positively associated with online
HISBs[48,61]. However, Ayers and Kronenfeld suggested that
online HISBs are not merely affected by the presence of a
particular chronic illness, but rather by the total number of
chronic conditions[62]. Furthermore, several studieshavefound
that individualswho have hypertension seek health information
less than those with other chronic diseases[54]. A Pew Internet
survey showed that among the online health information seekers
with one or more chronic conditions, the percentage of
hypertension patients (57%) was|ess than that of cancer patients
(62%) or lung patients (68%) [63]. These findings provide a
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possible rationale for the association between hypertension
status and online HISBs.

For the household members, it isnot possible to determine from
thisstudy if the household member |ooked up health information
for themselves, the respondents, or another friend or family
member. Household members may have sought health
information for respondents since respondents suffered from
serious health problems and they perceived their health status
as poor. Familism, an important Hispanic cultural value with
implications for the engagement of family membersin the care
of a patient, is a possible rationale for this finding [11,36].
Furthermore, most survey respondentswere immigrants. Among
immigrants, the family playsan important rolein HISBs. Instead
of consulting with health care providers, they often ask their
family members about health information and for advice [64,65].

Literacy Factors

An individual who is computer literate is more likely to go to
the Internet for finding health information. Several studies have
shown that the ability to use a computer is related to online
HISBs [66]. In our study, computer literacy as measured by
socia networking was positively associated with online HI SBs.
Moreover, respondents’ computer literacy was also positively
associated with household members online HISBs. This is
consistent with astudy that found that parents' computer literacy
may affect children’s computer use [67]. Respondents in our
study answered that 33.9% of their household members who
went to the Internet for health information were their children.

Health literacy was not significantly associated with online
HISBs of respondents or their household members, although it
has consistently been identified in the literature as a challenge
when people use the Internet to search for health information
[68-71]. A possible explanation for the lack of significance is
the floor effect [33] because most respondents scored low on
the NVS.

Limitations

There are several limitations to this study. Generalizability isa
potential limitation of this study due to the non-probability
sampling method. Although the study adopted several sampling
methods for recruitment, most participantswererecruited using
non-probability sampling, and the resulting sample is more
Hispanic, female, and older than the Washington Heights and
Inwood population. Moreover, this study recruited Hispanics
who lived in urban areas in New York City; therefore, the
findings may not be generalizable to Hispanics living in rura
areas or in other cities.

Second, because our study relied on self-reported information,
socia desirability isapotential concern. Sometimes respondents
tend to answer in a way that they think the researcher wants.
They tend to over-report for the desired behaviors such as
physical activity and under- report undesirable ones such as
alcohol consumption [72]. Furthermore, the question regarding
household members’ online HISB was answered by respondents
on behalf of household members. Therefore, it is possible that
the percentage of online HISBs among household members
may not be accurate.
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Third, this study did not explicitly identify respondents who
accessed the Internet from their cell phones. A Pew Hispanic
Center reported that Hispanics are more likely than non-
Hispanics to access the Internet through mobile devices; 76%
of Hispanics access the maobile Internet compared to 60% of
non-Hispanics [73]. Therefore, this study may have
underestimated online HISBs among the survey respondents.
An aternative explanation is that our use of bilingual data
collectors resulted in a sample that included individuals not
typically included in other studies.

Implications

Online HISBs can lead patients to make informed health care
decisionsby increasing their participation in health management.
Those decisions may affect the relationship with health care
providers [62]. To assist patients, there is a need for a health
information infrastructure for shared decision making between
patients and the health care system [74]. However,
decision-making interventions may not be successfully
implemented if discrepancies exist across populations[75]. Our
study of online HI SBsamong Hispanics may suggest what needs
to be considered to resolve the discrepancy and to implement
an infrastructure in Hispanic community such as the one that
we studied.

However, we showed that overall access for online heath
information was|ower than national data. Government agencies
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and policy makers need to understand unique characteristics of
Hispanic communitiesto design strategies and interventionsfor
equitable accessto online health information among underserved
populations. This understanding may lead governments to
develop policiesto allocate and disseminate infrastructures and
resources [74,76]. Large-scale improvement in the Internet
technology infrastructure will reduce costs and barriers to
accessing health information [77]. To provide timely and
accurate health information across populations, policy makers
need to consider a broad spectrum of health literacy levels and
cultural issues of the designated population [78].

Conclusions

Thisisthefirst large-scal e study of online HISBsin the Hispanic
population. This study not only confirmed factors associated
with online HISBs identified in the literature but also revealed
findings that were not previously described. Also, this study
showed that respondents’ demographic, situational, and literacy
factors were significantly associated with their household
members online HISBs. Studies of online HISBs need to
consider various associated factorsto explain behavior [79]. To
increase the number of online health information seekers among
Hispanics, cultural values such as familism need to be
considered. Results of this study can provide a foundation for
the devel opment of informatics-based interventionsto improve
the health of Hispanicsin the United States.
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Abstract

Background: The number of older adultsin the global population isincreasing. This demographic shift leadsto an increasing
prevalence of age-associated disorders, such as Alzheimer’s disease and other types of dementia. With the progression of the
disease, therisk for ingtitutional careincreases, which contrastswith the desire of most patientsto stay in their home environment.
Despite doctors’ and caregivers awareness of the patient’s cognitive status, they are often uncertain about its conseguences on
activities of daily living (ADL). To provide effective care, they need to know how patients cope with ADL, in particular, the
estimation of risks associated with the cognitive decline. The occurrence, performance, and duration of different ADL areimportant
indicators of functional ability. The patient’s ability to cope with these activities is traditionally assessed with questionnaires,
which has disadvantages (eg, lack of reliability and sensitivity). Several groups have proposed sensor-based systemsto recognize
and quantify these activities in the patient’s home. Combined with Web technology, these systems can inform caregivers about
their patients in real-time (eg, via smartphone).

Objective: We hypothesize that a non-intrusive system, which does not use body-mounted sensors, video-based imaging, and
microphone recordings would be better suited for use in dementia patients. Since it does not require patient’s attention and
compliance, such asystem might be well accepted by patients. We present a passive, Web-based, hon-intrusive, assi stive technol ogy
system that recognizes and classifies ADL.

Methods: The components of this novel assistive technology system were wireless sensors distributed in every room of the
participant’s home and a central computer unit (CCU). The environmental data were acquired for 20 days (per participant) and
then stored and processed on the CCU. In consultation with medical experts, eight ADL were classified.

Results: In this study, 10 healthy participants (6 women, 4 men; mean age 48.8 years; SD 20.0 years; age range 28-79 years)
were included. For explorative purposes, one female Alzheimer patient (Montreal Cognitive Assessment score=23, Timed Up
and Go=19.8 seconds, Trail Making Test A=84.3 seconds, Trail Making Test B=146 seconds) was measured in parallel with the
healthy subjects. Intotal, 1317 ADL were performed by the participants, 1211 ADL were classified correctly, and 106 ADL were
missed. This led to an overall sensitivity of 91.27% and a specificity of 92.52%. Each subject performed an average of 134.8
ADL (SD 75).

Conclusions: The non-intrusive wireless sensor system can acquire environmental dataessential for the classification of activities
of daily living. By analyzing retrieved data, it is possible to distinguish and assign data patterns to subjects specific activitiesand
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to identify eight different activities in daily living. The Web-based technology allows the system to improve care and provides

valuable information about the patient in real-time.

(J Med Internet Res 2014;16(7):€175) doi:10.2196/jmir.3465

KEYWORDS

ADL classifier; forward chaining inference engine; rule-based; wireless sensor system; dementia; Alzheimer; behavior pattern;

activity monitoring; assistive technology; smart homes

Introduction

The number of older adultsinthe global populationisincreasing
both in absolute and relative terms due to increased life
expectancy [1]. This demographic shift hasledto anincreasing
prevalence of age-associated disorders, such as Alzheimer's
disease and other types of dementia. According to the World
Health Organization, today there are 35 million patients
worldwide suffering from dementia. By the year 2030, the
number of patients is expected to double to 66 million
worldwide [2]. Alzheimer's disease is a neurodegenerative
disease, and with its progression, the ability to cope with
activities of daily living decreases, |eading to reduced autonomy
and increased need for care [3]. With the progression of the
disease, therisk of institutional careincreases, which contrasts
with the desire of most patients who would like to live
autonomoudly in their familiar home environment as long as
possible [4]. Despite awareness of the patient’s cognitive status
by doctors and caregivers, they are often uncertain about its
consequences on activities of daily living (ADL). To provide
effective care, they need to know how good patients cope with
ADL, in particular when it comes to the estimation of risks
associated with the cognitive decline. It is not yet clear how
cognitive declineinfluences ADL. Inthisregard, the occurrence,
performance, and duration of different ADL are important
indicators of functional ability [3].

The patient’s ability to cope with ADL istraditionally assessed
with questionnaires (eg, Stanford Health Assessment
Questionnaire[5] or the Barthel ADL (activitiesof daily living)
Index [6]), and it is important information for professional
caregiversin order to optimize medication and personalize care
[3]. However, using questionnaires to assess behavioral datain
patients with cognitive impai rments has di sadvantages (eg, lack
of reliability and sensitivity), and several groups have proposed
sensor-based systems to recognize and quantify ADL [4,7-9]
in the patient’s home. Besides storing the occurrence, duration,
and location of ADL, when combined with Web technology,
these systems can also inform caregivers in real-time (eg, via
smartphone) about the current ADL of their patients [7-10].
Moreover, current and future clinical trials of new drug
interventions, in Alzheimer’s disease will need to prove their
effects on ADL function, and sensitive and reliable
measurements will be of great importance. Also, it has been
suggested that such systems could facilitate and support
aging-in-place and improve medical care [9,10].

One possible technical solution for recognizing ADL is using
comprehensive sensor networks to measure patient’s activities.
In so-called smart homes, several sensors, for example,
accelerometers, microphone arrays, pressure sensitive mats, gas

http://www.jmir.org/2014/7/e175/

sensors, and cameras are installed in the proximity of older
patients to determine specific activities and to monitor their
ability to cope with ADL [7,8]. Commercial smart-home
monitoring systems for dementia patients are already available
on the market. For example, ALARM-NET and CareWatch
have been devel oped to recognize ADL and to improve dementia
care provided by both formal and informal caregivers [9,10].
Other technical systems make use of detachable sensor arrays,
for example, wearable accelerometers, infrared sensors and
pressure sensors in furniture, wireless heart rate monitors, or
radio frequency technology. Such sensor networks are used for
automated ADL classification in dementia patients to maintain
their autonomy, for recognizing emergencies, and monitoring
the progression of their disease [11-16].

However, state-of-the-art technology systems have some
limitations. Smart homes, for example, are often very
comprehensive and require significant installation efforts, which
makes these systems costly and challenging to install in older
houses [17]. Also, most smart home systems use video-based
technology or microphone recordings, which might conflict
with the patient’s privacy [18]. Other approaches require that
the patient wear body-mounted sensorsor interact with asystem
for data acquisition [11,12,15]. Using these systems requires
patient compliance, which is not always assured when patients
with cognitive impairments are overloaded by technology
[19,20]. Furthermore, others have reported that too-intrusive
systems are not well accepted by patients or caregivers[21,22].

We hypothesize that a non-intrusive system, which does not
use body-mounted sensors, avoids video-based imaging and
microphone recordings, and does not require any interaction or
patient compliance would be better suited for use in dementia
patients. If small, easy to install, and not in need of patient’s
attention and compliance, such a system might be well accepted
by patients [23]. Furthermore, such a system, due to its low
cost, robustness, and easy-to-use approach, can be of interest
for other researchersfrom different fields. ADL can bearelevant
outcome measurement for future drug intervention studies.

In this paper, we present a novel passive, Web-based,
non-intrusive, assistive technology system that recognizes and
classifies ADL. Using the Web, the system can provide
information on current patient behavior that can hel p to quantify
the patient’s cognitive impairment, estimate the patient’s
self-dependency, and facilitate forma and informal care of
Alzheimer’s disease patients living alone. We present here the
results of the new Web-based, non-intrusive wireless sensor
system and an ADL classifier. We hope that the outcome of our
study, together with further investigation and research, will
justify further interventional studies.

JMed Internet Res 2014 | vol. 16 | iss. 7 [e175 | p.164
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.3465
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Methods

Overview

The components of this novel assistive technology system are
(1) anumber of sensorsthat are distributed in every room and
(2) acentral computer unit (CCU). The collected dataare stored

Table 1. Theeight ADL in detail, with definitions.

Stucki et al

and processed by an ADL classifier based on a rule-based
forward chaining inference engine. Eight ADL, such asdeeping,
grooming, toileting, getting ready for bed, cooking, eating,
watching TV, and seated activity were allotted for the ADL
classifier to determine. The ADL were chosen in consultation
with medical experts. Table 1 shows the eight ADL in detail,
along with a definition for each.

ADL Definition

Sleeping Includes: Night rest, taking a nap (either in bed or on the couch). Excludes: Lying down (not sleeping) for recovery.

Grooming Includes: Personal hygiene: Showering, toileting, shaving, brushing teeth, and styling as one activity. Excludes: Simple
toileting and hand washing.

Toileting Includes: Simple toileting with washing hands. Excludes: Other or additional personal hygiene.

Getting ready for bed  Includes: Personal hygiene before bedtime. Excludes. Pre-bedtime rituals.

Cooking Includes: Preparing food in the kitchen. Excludes: Cutting pizzafrom delivery service, making popcorn, etc, making tea or
coffee.

Eating Includes: Having a meal (also delivered food). Excludes: Snacking (eg, while watching TV), having just acup of coffee or
aglass of water.

Watching TV Includes: Watching TV with main focus on the TV. Excludes: Other activitieswhilethe TV isjust on.

Seated activity Includes: Sitting at atable or in an easy chair while reading, solving apuzzle, doing crosswords, embroidering, doing crafts,

or listening to the radio. Excluding: Taking a nap.

Participants

Healthy participants were recruited by advertisementsin local
newspapers. They were assessed with a standardized
paper-pencil test battery, which included the Montreal Cognitive
Assessment (MoCA) [24,25], the Trail Making Test A and B
(TMT-A, TMT-B) [26], and the Timed Up and Go test [27,28].
Exclusion criteria for the study were cognitive impairment
(MoCA score < 26), or significant motor impairment (Timed
Up and Go > 12 seconds). Participants sharing the house with
others and not living aone were a so excluded.

In total, 10 healthy mobile adults (6 women, 4 men; age 28-79
years) were included in the study. The study was carried out in
accordance with the Declaration of Helsinki and was approved
by thelocal ethicsboard. Written informed consent was obtained
from all participants prior to inclusion. No compensation for
participation was provided.

The Assistive Technology System

In each case, five sensors were mounted on a printed circuit
board (PCB) capturing ambient values. temperature in °C

(DS18B20, Dalas Inc), humidity in g/m® (SHT21P,
SENSIRION), luminescence in Ix (AMS302, Panasonic Inc),
motion (binary) (EKMB1101111, Panasonic Inc), and

acceleration in m/s> (ADXL 345, Analog Device). Each PCB

http://www.jmir.org/2014/7/e175/

was assembled in polyvinyl chloride (PV C) housing (Figure 1)
and was powered by a2900 mA AAA primary cell.

Intotal, 50 sensors were assembled to 10 wirel ess sensor boxes
(I x w x h=15mm x 30mm x 60mm, weight=80g), which
digitalizes the analog environmental data and sends it to the
CCU. A commercial available laptop, running customized
Microsoft Windows 7, buildsthe CCU and served as data server
with integrated Web link (Figure 1). The receiver unit (Figure
1), which is attached to the CCU, collected the data packages
sent from all 10 sensor boxes. It comes with a digital received
signal strength indication, an input sensitivity of 117 dBm, and
a programmabl e transmitter output power up to 13 dBm. The
CCU has the computing power to process the environmental
data but also to store the data for further analysis.

The environmental datawere acquired at a sampling rate of 0.2
Hz and assembled to data packages. Beside the five
environmental values, each data package includes a handshake
word composed of timestamp, date, node number, supply
voltage, and a status word. The data packages were sent to the
data server over an air link based on EZRadioPro-Technology
(Silabs). Therefore, a low byte order marked bidirectional
protocol placed on an 868 MHz carrier transmitted by frequency
modul ation was implemented. Even-parity error handling and
frame collision detection was implemented.
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Figurel. Wireless sensor box with housing (left) and an inside view of the same sensor box (middle) displaying PCB board with environmental sensors
and primary cell; receiver unit with antenna (right) is connected to the central computer unit serving as a data server and Web link (between the two

devices abidirectional data transmission is established).

System Set-up

The assistive technology system was installed in the home of
10 healthy subjects. Figure 2 shows the floor plan of a sample
2-bedroom apartment. In each apartment, each compartment
(room) was fitted with one sensor box, placed at a height of
approximately 2 meters, facing towards the middle of theroom.
Additional sensor boxes were placed in the kitchen (on the
fridge door) and in the bathroom (on the flush handle€).

Installation duration for the entire system depends on the
apartment layout and varied from 15-30 minutes. Once set up
and initialized, the system continuously recorded the five
ambient environmental values autonomously. Activities of the
10 subjects were recorded for 20 days each. The subjects were
told to ignore the system as much as possible and act naturally.
They were aso asked to touch the sensor boxes only if
absolutely necessary. The system was uninstalled after 20 days
of continuous measuring.

Figure 2. Example setup installed in a 2-bedroom apartment (sensor boxes indicated with red circles).

http://www.jmir.org/2014/7/e175/

XSL-FO

RenderX

JMed Internet Res 2014 | vol. 16 | iss. 7 |€175 | p.166
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Subject L og Book

For evaluation purposes, a wireless protocol device, built in a
housing with awearabl e belt clip, was provided to the subjects
(Figure 3). The protocol device was fitted with switches, each
corresponding to aspecific ADL. Theten switches provided on
the protocol box were “Sleeping”, “Grooming”, “Toileting”,
“Getting ready for bed”, “ Cooking”, “ Eating”, “Watching TV”,
“Seated activity”, “ receiving visitors’, and “cleaning”. Of the
ten switches, one activity (cleaning) and one state (receiving
visitor) were not included in the analysis. All subjects were

Stucki et &

instructed to record their activities throughout the day for the
duration of the 20 days measurement. For this purpose, they
were asked to flick the corresponding switch, labeled on the
protocol device case, during the performance (exact duration)
of thegiven ADL. The protocol devicewasintended to beworn
during the day. Only if the subjects were disturbed by wearing
the device (eg, during nighttime or when grooming) were they
allowed to take it off.

In addition, participants were provided with a paper-pencil log
book, to record every wrongly stated, forgotten, or missed ADL.

Figure 3. Wireless protocol device worn by participant (switches on top of the box are |abeled with 8 different activities such as "watching TV" or

"g%pi ngu).

Data Processing

First, two different sorting methods were used sequentialy to
increase the sorting efficiency of the acquired data (Figure 4).
A Bucketsort algorithm [29] wasfirst applied to the data, which
werelabeled with acompartment identifier by the system during
acquisition. Each data value was allotted to the compartment
(room) where the value was captured. Metaphorically, each
compartment was represented by one bucket. The datain each
bucket were then sorted with a Radixsort [30] algorithm. The
five bits considered by the Radixsort are related to the
intra-day-timeline. This sorting of datais needed to line up the
measured values chronologically.
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In summary, the data are bijectively matched to their origin
compartment by the Bucketsort, and then lined up in a
chronological order by Radixsort. A mathematical description
regarding the efficiency of the two sort algorithmsis presented
in MultimediaAppendix 1, and the open source codeis provided
in Multimedia Appendix 2.

In the second step, the data were classified using an ADL
classifier (Figure 5). The classification of the ADL is based on
the assumption that each subject follows adaily routine, where
specific patternswith nearly the same duration and course occur
throughout each day [31]. Considering the fact that numerous
data values are accumulating during the measurements, the
classifier was implemented as a rule-based inference engine.
The concept is ideal to handle numerous data, as it is widely
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used in the field of very-large-scale integration [32]. The
theoretical concept was adapted to match the needs of the ADL
classifier. It consists of (1) adatabase, (2) arule-repository, and
(3) aforward chaining inference engine. The database (1) holds
all the data sorted upfront by the Bucketsort and Radixsort
algorithms, but also all the classified ADL so far (historical
data). The rule-repository (2) provides the forward chaining
inference engine with a set of parameterized behavioral
knowledge (the parameterization was done in cooperation with
our medical experts) A parser trandates the parameterized
behavioral knowledge into a look-up table disposable in the
random access memory. The (3) forward chaining inference
engine charges all available facts according to the given rules.
The rules were defined manually and were the same for all
subjects. The daily routine itself (ie, the time of the activity)
was not considered within the rules; rather, the rules were
applied to the daily routine resulting from the specific behavior
pattern throughout the day. Nevertheless, the forward chaining
inference engine needs some conflict resolution strategy to
decide which information is the most important to process first
and in which order the rest of the information has to be taken
into account. Going the other way, the forward chaining
inference engine checks which condition information must be
fulfilled to state the given information as one specific ADL.

The used method is to obey the rules that the medical experts
defined first. The forward chaining inference engine, on the
other hand, works with three basic elements: (1) ambient value
matrices, (2) rules, and (3) behavioral parameters. For each
potential ADL, an ambient value matrix is composed of the

Stucki et al

sorted raw data. Each ambient value matrix is then compared
to a set of rules defined upfront for each of the eight ADL. The
rules are built under the premise of the behavioral parameter.
If the ambient value matrix fits the set of rules, the activity is
considered as the corresponding ADL.

For example, if one looks at “toileting”, the matrix consists of
the data from the five sensors in the bathroom and from the
flush handle. Hence, the ambient value matrix shows a specific
pattern associated with toileting. First, the forward chaining
inference engine verifies the activity’s duration for toileting.
Further, the forward chaining inference engine verifies if the
light conditions in the bathroom change, if the subjects sit on
the toilet, if the subjects flushes, and if the humidity and the
temperature do not change significantly. Having these
prerequisite (rules) fulfilled, the activity is stated as“toileting”.
The mathematical formulas and the source code of the forward
chaining inference engine are provided in Multimedia A ppendix
3.

Depending on the complexity of the ADL to be classified,
n-steps of iteration can be done. By processing the daily routine
with the devel oped classifier algorithm, the system allots specific
patterns to one of the 8 selected ADL. The output of the
classifier (the conclusion) isthe ADL asubject performed at a
given time throughout the day. Thisinformationisstored in the
database.

The calculation and algorithms were implemented in Matlab
R2007b (MathWorks, Inc).

Figure 4. Combined sort algorithm consists of a Bucketsort and a Radixsort algorithm applied to the data.
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Figure5. Block diagram of the ADL classifier algorithm based on aforward chaining inference engine.
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The subject log book was updated by superimposing the data
of the wireless protocol device with the paper-pencil log book.

Figure 6. Correlation of the ADL classifier output with the ADL protocols.
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Data Collection With an Alzheimer Patient

In addition to the 10 healthy subjects, one dementia patient was
measured for explorative purpose. Thiswas doneto understand
the acceptance of the system in the target group of dementia
patients and also to estimate the further clinical implications.
The measurement was performed similarly in all respectsto the
measurement in the healthy subjects. The patient was an

http://www.jmir.org/2014/7/e175/

XSL-FO

RenderX

Journalized ADL

84-year-old female. She was receiving home care twice aweek
for 1 hour, and she was on her own for the rest of the time.

Results

Demographics
Table 2 shows the demographics of 10 healthy participants (6
women, 4 men; mean age 48.8 years, SD 20.0 years; age range
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28-79 years) included in the study. The test performance in
MoCA (score range 27-30), TMT-A (time range 15.3-81.4
seconds), TMT-B (time range 21.1-122.6 seconds), and Timed

Table 2. Demographics of 10 healthy participantsincluded in the study.

Stucki et al

Up and Go test (time range 6.9-10.3 seconds), of al the
participants were in a normal, non-pathological range.

Characteristics Value
Gender, n

Male 4

Female 6
Age, years

Minimum 28.0

Maximum 79.0

Mean 48.8

SD 20.0
MoCA Score (Maximum = 30)

Mean 291

SD 11
Timed Up & Go

Mean 8.2

SD 13
Trail Making Test (TMT)

Mean TMT A 391

SD TMT A 20.0

Mean TMT B 62.6

SDTMT B 323
M easured time, days

Mean 20.0

SD 0.0

Data Analysisand Activitiesof Daily Living Classifier
Per for mance

In total, 33,939,441 data packets (543,031,056 environmental
values) were captured correctly, and 160,269 data packets
(0.47%) were lost due to transmission error. Thus, an overall
reliability of 99.53% was achieved.

Table 3. Results of the ADL classifier.

In total, 1317 ADL were performed by the participants, 1211
ADL wereclassified correctly, and 106 ADL weremissed. This
leads to an overall sensitivity of 91.27% and a specificity of
92.52% (Table 3). Each subject performed 134.8 ADL on
average (SD 75).

ADL N Classified correctly, n Missed, n Sensitivity, % Specificity, %
Sleeping 173 161 12 93.64 85.77
Grooming 135 127 8 94.07 96.98
Toileting 307 291 16 94.79 91.54
Getting ready for bed 105 97 8 92.38 94.48
Cooking 70 59 11 84.29 90.92
Eating 90 78 12 87.78 94.83
Watching TV 322 300 22 93.17 90.63
Seated activity 171 151 20 90.06 94.98
Total 1317 1211 106 91.27 92.52
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Behavior Pattern of an Alzheimer Patient Versusa
Healthy Subject

Figure 7 shows the activity pattern for the 84-year-old female
Alzheimer patient (MoCA score=23, Timed Up and Go=19.8
seconds, Trail Marking Test A=84.3 seconds, Trail Marking
Test B=146 seconds).

Figure7. Activity map of 84-year-old female Alzheimer patient.

Stucki et &

The activity pattern of a heathy female (age=79, MoCA
score=29, Timed Up and Go=12.7 seconds, Trail Marking Test
A=62.2 seconds, Trail Marking Test B=95.1 seconds) is shown
in Figure 8.

Figures 7 and 8 show the duration and points in time of the
performed ADL of the Alzheimer patient versus the healthy
subject.
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Figure 8. Activity map of healthy 79-year-old female.
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Discussion

Principal Findings

The feasibility and reliability of the newly developed
non-intrusive sensor system (hardware and the operating
software) could be proven in the field. The results show that
daily living evokes variation in ambient values that can be
captured by the sensor system, leading to ADL specific data
patterns. Hence, it is possible to assign sensor data patterns to
specific activities, whereby the most relevant sensor in the

http://www.jmir.org/2014/7/e175/
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RenderX

16 17 18 19 Day20
detection of ADL is the movement sensor. By analyzing the

retrieved data, it became possible to identify eight ADL.

Other researchers have conducted similar studies. Bang et al
[12] used a set of pressure sensors, passive infrared sensors,
and aworn accel erometer to determine ADL. Depending onthe
specific ADL, they achieved an initial accuracy of 93.27% to
96.47%. Fleury et a [16] used video cameras and wearable
kinetic sensors, door contacts, and microphonesto acquire data.
The data were processed by a support vector machine to
determine specific ADL. They achieved asensitivity of 97.80%.
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Both results are slightly better than what we found—at the cost
of more intrusive sensor systems.

The ADL classification performance of the systemrelied onthe
protocol compliance of the subjects during the measurement.
We asked the subjects to record their ADL very carefully with
the electronic protocol device and provided them furthermore
with paper-based log books to note any errors or wrong
manipulations. Overall, it is possible that subjects forgot to
record an activity or recorded awrong activity, which negatively
affects the classification performance numbers. Hence, the
reported performance of the ADL classifier expressed by
sensitivity and specificity numbers actually represents
worst-case scenario.

A limitation of our system isthat the sensors need a clear view
of the entire room and must not be covered. Thisiscan be solved
by proper placement of the sensors in the patient’s home.

Asexpected, the classifier showed better performance for some
ADL (eg, grooming) than it did for others (eg, sleeping). This
is due to the fact that some ADL are not exclusively room
related and evoke only dlightly different ambient values. Such
data pattern differs only poorly among one another, which has
also been found by other researchers[12,16,33].

The system useswirelesstechnol ogy with small, discrete shaped
sensor boxes. Hence, no hardware or tools are needed for the
installation and the set-up can be done in less than 30 minutes.
All parts were built under consequent low-power conditions,
which keepsthe system in service for 6 months straight. During
this period, no maintenance is needed. Once the system is set
up, the functioning of each sensor box can be monitored at any
time. Thisleadsto a high degree of transparency regarding the
transmitted, lost, and compromised data (reliability of 99.53%).
Furthermore, data can be bijectively matched to its origin to
take statistical advantage of paired data, which ensures valid
data throughout the measurement. Moreover, by foregoing the
use of cameras and microphones, the privacy of the subjects
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can be guaranteed at any time of the experiment. Furthermore,
duetoitsWeb link, the system can provide discreteinformation
about the patient’s ADL performances in real-time, but also
historical and statistical information about the progression of
the disease.

When it comesto measurement in dementia patients, we proved
feasibility in one female Alzheimer patient. The acceptance of
the system was good, and no significant incident or failure
occurred during the measured period. The patient was not
disturbed by the system.

The activity map of the patient shows significant difference to
the activity map of the healthy subject. While in the healthy
subject, adaily structure is observable, much less structure can
be found in the Alzheimer patient. Comprehensive analysis of
further datasets of dementia patients can provide valuable
clinical information, especially by comparing it to datasets of
healthy patients.

These preliminary results obtained from one Alzheimer patient
are promising in anticipation of further research and the clinical
implication of the system.

Conclusions

The non-intrusive wirel ess sensor system can be used to acquire
environmental data essential for the classification of ADL. By
analyzing the retrieved data, it is possible to distinguish and
assign data patternsto subjects’ specific activitiesand to identify
eight different ADL. Thanks to the Web-based technology, the
system has a high potential to improve care and provides
valuable information about the patient in real-time.

Based on the results of this study, there are plansto install the
system in the home of Alzheimer patients, suffering from
moderate to severe dementia. The data of these patients will be
compared to the data of the healthy subjectsto study and analyze
the different behavior patterns.
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Abstract

Background: Therecent convergence between technology and medicineis offering innovative methods and toolsfor behavioral
health care. Among these, an emerging approach is the use of virtual reality (VR) within exposure-based protocols for anxiety
disorders, and in particular posttraumatic stress disorder. However, no systematically tested VR protocols are available for the
management of psychological stress.

Objective: Our goal wasto evaluate the efficacy of anew technological paradigm, Interreality, for the management and prevention
of psychological stress. The main feature of Interreality isatwofold link between the virtual and the real world achieved through
experiential virtual scenarios (fully controlled by the therapist, used to learn coping skillsand improve self-efficacy) with real-time
monitoring and support (identifying critical situations and assessing clinical change) using advanced technol ogies (virtual worlds,
wearable biosensors, and smartphones).

Methods: The study was designed as a block randomized controlled trial involving 121 participants recruited from two different
worker popul ations—teachers and nurses—that are highly exposed to psychological stress. Participants were asample of teachers
recruited in Milan (Block 1: n=61) and a sample of nurses recruited in Messing, Italy (Block 2: n=60). Participants within each
block were randomly assigned to the (1) Experimental Group (EG): n=40; B1=20, B2=20, which received a 5-week treatment
based on the Interreality paradigm; (2) Control Group (CG): n=42; B1=22, B2=20, which received a 5-week traditional stress
management training based on cognitive behavioral therapy (CBT); and (3) the Wait-List group (WL): n=39, B1=19, B2=20,
which was reassessed and compared with the two other groups 5 weeks after the initial evaluation.

Results: Although both treatments were able to significantly reduce perceived stress better than WL, only EG participants
reported a significant reduction (EG=12% vs CG=0.5%) in chronic “trait” anxiety. A similar pattern was found for coping skills:
both treatments were able to significantly increase most coping skills, but only EG participants reported a significant increase
(EG=14% vs CG=0.3%) in the Emotional Support skill.
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Conclusions: Our findings provide initial evidence that the Interreality protocol yields better outcomes than the traditionally
accepted gold standard for psychological stress treatment: CBT. Consequently, these findings constitute a sound foundation and
rationalefor theimportance of continuing future research in technol ogy-enhanced protocolsfor psychological stress management.
Trial Registration: ClinicalTrials.gov: NCT01683617; http://clinicaltrials.gov/show/NCT01683617 (Archived by WebCite at
http://www.webcitation.org/6QnziHv3h).

(J Med Internet Res 2014;16(7):€167) doi:10.2196/jmir.3235
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psychological stress; Interreality; virtual reality; biosensors; heart rate; heart rate variability; biofeedback training; relaxation

training; physiological monitoring; smartphones

Introduction

The emerging convergence of technology and health care [1]
is offering new methods and tools for mental health treatments
[2-6]. An emerging trend isthe use of virtual reality (VR) within
the exposure-based protocols for anxiety disorders and
posttraumatic stress disorders (PTSD) [7-11]. PTSD is more
difficult to treat than other anxiety disorders. On one hand, in
vivo exposure-based therapy is usually not possible. On the
other, imaginal exposure requiresthat the patient recountstheir
traumatic experience in the present tense to the therapist—a
behavior that patients try to avoid [12]. VR therapy alows
exposure treatment even with patientswho fail to improve with
traditional imaginal exposure therapy [13-16]. Since theinitial
work by Barbara Rothbaum and her team [17,18], additional
case studies [19-23] and clinical trials [22,24,25], including a
randomized controlled clinical trial [26], have shown the
efficacy of VR therapy in the treatment of PTSD.

One factor that may increase the likelihood of developing the
symptomatology of PTSD is work-related stress. Previous
studies have included stressful life events in the list of risk
factors for PTSD, suggesting that experiencing chronic
psychological stress may increase vulnerability to this anxiety
disorder [27,28]. Indeed, chronic psychological stress may
induce plasticity within the amygdala, which in turn may
increasetherisk of developing chronic anxiety states[29]. This
abnormal change in the limbic neural circuitry may provoke a
pathological anxiety response, leading to syndromes such as
PTSD. Other studies have focused on the contribution of
work-related stressors to PTSD [30,31]. For example, Laposa
et al [30] found that interpersonal conflicts, inadequate support
from superiors, and changing jobs were significantly associated
with PTSD symptoms. Different training has been developed
for managing psychological stress at work, both individually
and organizationally focused [32,33]. Specificaly, a recent
review showed that individual interventions, like cognitive
behavioral therapy (CBT), can improve individuals mental
health, while physical activity asan organizational intervention
is more effective in reducing absenteeism [32]. On the basis of
this evidence, we decided to focus our intervention on the
individual.

However, until now, no systematically tested VR protocol s have
been available for the management of psychological stress. A
preliminary attempt, developed by the US Army, wastested for
thetraining of military medical professionalswho are expected
to take care of the wounded in very austere situations. This

http://www.jmir.org/2014/7/e167/

protocol included a technology-assisted relaxation training
merging VR exposure sessions with relaxing videos with
embedded English narratives guiding progressive muscle
relaxation and controlled breathing [34].

According to Cohen et al [35], psychological stressoccurswhen
peopl e perceivethat environmental demandstax or exceed their
adaptive capacity. In this view, stressful experiences are
conceptualized as person-environment transactions, whose
results are dependent on the impact of the external stimulus.
Thisis mediated by:

«  The person’s appraisal of the stimulus: when faced with a
stimulus, a person evaluates the potential threat (primary
appraisal). Primary appraisal is a person’s judgment about
the significance of a stimulus as stressful, positive,
controllable, challenging, or irrelevant.

« Thepersond, social, and cultural resources available: facing
asignificant stimulus, a second appraisal follows, whichis
an assessment of the individual’s coping resources and
options. Secondary appraisals address what one can do
about the situation.

« The efficacy of the coping efforts: if required by the
appraisal process, the individual starts a problem
management phase aimed at regulation of the external
stimulus.

Stress Management Therapy can help counter effects of
psychological stress. Usually various techniques are used
including relaxation, interaction, biofeedback, and CBT
methods. According to the Cochrane Database of Systematic
Reviews [36-38], the best validated approach covering both
stress management and stress treatment is the CBT approach.
Typicaly, a CBT protocol (10-15 sessions) includes both
problem-focused (eg, resource optimization and better planning)
and emotion-focused (eg, relaxation training, use of emotional
support) coping strategies. Initially, it includes in-session
didactic materials and experiential exercisesand out-of-session
assignments (practicing relaxation exercises and monitoring
stress responses).

Theclinical intervention primarily focuses on (1) learning how
to cope better with daily stressors (psychological stress) or
traumatic events (PTSD), and (2) optimizing on€'s use of
personal skills and social resources.

Thetroublewith managing psychological stressisthatitisvery
personal. So the focus for assessment, prediction, and treatment
has to be the situated experience of the individual. This result
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is difficult to achieve using the available VR protocols for
PTSD. Fromaclinical viewpoint, inthese protocolsV R provides
a “closed” experience, separated from the emotions and
behaviors experienced by the patient in the real world. In other
words, VR exposure tries to change cognitive content per se,
rather than changing the context in which cognitions are
experienced [39]. The behavior of the patient in VR has no
direct effects on the real-life experience. The emotions and
problems experienced by the patient in the real world are not
directly addressed in the VR exposure. Moreover, it focuses on
patients thoughts and behaviors but does not address social
support and coping skills.

To overcome these issues, Riva et al [40-42] suggested the use
of the “Interreality” paradigm (IR) that integrates assessment
and treatment within ahybrid environment, bridging the physical
and virtual world. The basic idea of the IR intervention is to
bridge virtual experiences (fully controlled by the therapist,
used to learn healthy behaviors and coping skills) with real
experiences (the therapist can identify critical situations and
assess clinical change). In the IR strategy, behavior in the
physical world influencesthe experiencein the virtual one, and
behavior in the virtual world influences the experience in the
real one. The current CBT approach can be described as
imagining evokes emotions and the meaning of the associated
feelings can be changed through reflection and relaxation. In
IR, we introduce an alternative strategy, in which controlled
experiences evoke emotions that result in meaningful new
feelings, which can be reflected on and eventually changed
through reflection and relaxation. This is achieved by using
technology (virtual worlds, advanced sensors, and smartphones)
to create a closed-loop approach for assessment and support.

The assessment is conducted continuoudly in the virtual and
real worlds through the tracking of individuals' behavioral and
emotional status over time, in the context of realistic task
challenges. At the sametime, theinformation is constantly used
toimprove both the appraisal and the coping skills of the patient
through a conditioned association between effective performance
state and task execution behaviors.

These features are integrated into two subsystems: the clinical
VR platform (VR inpatient treatment, fully controlled by the
therapist) and the mobile platform (mobile-based real world

http://www.jmir.org/2014/7/e167/
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support, available to the patient and connected to the therapist).
Combined, these systems are able to provide (1) objective and
guantitative assessment of symptoms using biosensors and
behavioral analysis: monitoring of the patient behavior and of
general and psychological status, early detection of symptoms
of critical evolutions, and timely activation of feedback in a
closed loop approach, and (2) decision support for treatment
planning through data fusion and detection algorithms. the
decision support system allows monitoring stress levels of the
patient both during VR exposure (in the therapist’s office) and
in real-life situations (using the mobile phone), by generating
reports that the therapist can access via a Web-based interface.
The key features of IR are summarized in Figures 1 and 2.

Simply put, patients are continuously assessed in thevirtual and
real worlds by tracking their behavioral and emotional status
inthe context of challenging tasks (customization of the therapy
according to the characteristics of the patient), and feedback is
continuously provided to improve patients’ skills (improvement
of self-efficacy).

The potentia clinical advantages of the IR strategy are (1) an
integrated and quantitative assessment of the user’s stress level
using biosensors: the level of stressis continuously assessed in
the virtual and in the real world by recording the participant's
behavioral and emotional statusfor the decision support system,
and (2) provision of warnings and motivating feedback to
improve self-awareness, compliance, and long-term outcomes:
on the basis of the decision support system, participants
constantly receive feedback to improve their appraisal and
coping skillsin an entertaining and motivating manner both in
clinical and mobile settings [40-42].

Starting from the above premise, the main goals of this study
are (1) to define and develop an Interreality protocol for the
management of psychological stress, and (2) to compare, within
acontrolled study, its efficacy with asimilar non-technological
protocol based on the CBT approach.

We hypothesize that the Interreality protocol is more effective
than both standard CBT and await-list conditionin (1) reducing
the level of chronic “trait” stress, (2) reducing the perceived
stress and improving quality of life, and (3) improving the
coping skills of the individual.
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Figure 1. Advantagesof Interredlity.
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Figure 2. The Interreality paradigm for the management of psychological stress.
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Methods

Recruitment

The study is designed as a multicentric randomized block
controlled trial involving participants recruited from two
different worker populations (teachers and nurses) that are
highly exposed to psychological stress (the Consort flowchart
isreportedin Figure 3 and the el ectronic CONSORT-EHEALTH
guestionnaire [43] in Multimedia Appendix 1). Compared to a
completely randomized design, this design reduces variability
within treatment conditions and potential confounding (the

http://www.jmir.org/2014/7/e167/
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variability within blocks is less than the variability between
blocks), producing a better estimate of treatment effects [44].

A sample of high school teachers recruited in Milan (Block 1:
n=95) and a sample of pediatric nurses recruited in Messina,
Italy (Block 2: n=88) were seen for screening interviews for
admission to the study. Samples were recruited between March
2012 and September 2013. Criteria for participation included
the following: (1) a high level of perceived stress (=7) as
measured on a 10-item visual-analogue scale, (2) a high level
of relevance of stress for personal health (=7) as measured on
a10-item visual-analogue scale, (3) alow level of self-efficacy
related to stress management (<5) as measured on a 10-item
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visual-analogue scale, (4) no DSM-IV-TR (Diagnostic and
Statistical Manual of Mental Disorders, 4™ edition, text revision)
Axis | disorders as assessed by Mini-International
Neuropsychiatric Interview (MINI) [45,46] during the clinical
assessment, (5) aged 25-60 years, (6) no psychotherapy received
for their psychological stress as assessed with a clinical
interview, (7) no current psychiatric medications as assessed
withaclinical interview, (8) no history of neurological diseases,
psychosis, acohol or drug dependence as assessed with aclinical
interview, and (9) no migraine, headache, or vestibular
abnormalities as assessed with a clinical interview.

Both males and females were included. In order to select
participants, we decided to use only subjectiveindexes of stress
and coping for this study, without measuring cortisol. The
measures of the concentration of cortisol in blood, saliva, and
urine are established methods for momentary assessments of
the activity in the hypothalamic-pituitary-adrenocortical axis
(HPA). If the cortisol levels become too high or too low for a
longer period, a state of hyper- or hypocortisolism is present,
and both are associated with stress-related disease. However,
two recent studies by Barth [47] and Faresjo [48] suggest that
cortisol levelsare not very reliableindicators of stress. Thefirst
study [47] underlined the relevance of subjective evaluations
in producing the negative effects of stress. The author found a
reduced risk of coronary heart disease in stressed individuals

Gaggioli et a

who neglected the subjective relevance of stresson health. The
second study [48] demonstrated the inefficacy of measuring
cortisol levelsfor ng stressin subjectsliving in astressful
environment. The study found that living in astressful economic
and socia environment produced a down-regulation of the
HPA-axis with a suppression of cortisol levels.

In our study, 62 participants either did not fulfill inclusion
criteria or refused to participate for other reasons (eg, time
constraints). Thisisan unusual observation. However, it should
be noted that participants experienced a high level of
psychological stress. Chronic psychological stress alters the
psychophysiological processesinvolved in cognitive appraisals
and coping responses. Severa types of coping strategy are
commonly used to face the different demands associated with
stressful events, and their effective use reflects variation in
underlying cognitive appraisal. This refusal may therefore be
read as their inability to appraise and cope with the stressful
events.

All patients meeting theinclusion criteriain each block (B1=61,
B2=60) were randomly assigned to the three groups: (1) the
Experimental Group (EG): n=40, B1=20, B2=20, (2) the Control
Group (CG): n=42, B1=22, B2=20, and (3) the Wait-List group
(WL): n=39, B1=19, B2=20. All the participants signed an
informed consent form before entering the study. The sample
characteristics are shown in Table 1.

Table 1. Demographic parameters and baseline characteristics of the sample (mean and standard deviation).

Variables EG CG W-L
Age 463 (7.7) 42.9(10.5) 39.6 (9.7)
Years of education 17.9 (1.4) 17.3(1.4) 18.3(1.3)
PSM?2 91.4 (25.8) 86 (19.5) 92.6 (25.8)
pssP 21.1(7.9) 18 (5.9) 19.4 (6.6)
STAI-Y2¢ 436 (11.2) 42.1(11.1) 40.2 (9.8)
swLsd 23.4(6.2) 24.2(7.2) 26.4 (7.0)
COPE-NIV ©
Use of emotional support 27.8(8.2) 29.9 (7.0) 29.4(7.7)
Positive attitude 279 (5.5) 29.1(5.1) 31.8(4.5)
Problem focused 28.6 (6.0) 29.2 (7.4) 31.7 (4.6)
Religious coping 19.8 (5.0) 21.7 (5.4) 23.8(5.5)
Denial 241 (5.9) 21.8(4.7) 22.8(3.8)

3psychological Stress Measure.

Pperceived Stress Scale.

Cstate-Trait Anxiety Inventory Form Y-2.

dsatisfaction With Life Scale.

€Coping Orientation to the Problems Experienced—New Italian Version.

Baseline comparisons among the three groups showed only a
difference in the age of the groups. The age was significantly
higher in the EG and to a lesser extent in the CG than in the
WL group. Of the EG participants, 57.5% were women (23/40)
and 42.5% (17/40) were men, while the CG and WL included,
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respectively: 71.4% women (30/42) and 28.6% men (12/42),
and 51.3% (20/39) women and 48.7% men (19/39).

We also assessed participants’ computer literacy at the start of
thetrial through a self-assessment scalewith threevalues: “low”,
“medium”, and “high”. Results showed overall amedium level
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of perceived individuals technological abilities, and no

Figure 3. Consort flowchart.
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significant differences were found between groups.
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Ethics hel ping patients face particularly strenuous conditions[54-56].

The study was approved by ethica review board of Istituto
Auxologico Italiano in Milan, Italy, and by the ethica review
board of Azienda Ospedaliera Universitaria Policlinico “G.
Martino” in Messina. The study was conducted according to
the 1964 Declaration of Helsinki. All the participants signed an
informed consent form that explained the goal of the treatment,
its duration, the involvement of the patients, and for EG
individuals, the possible side effects rel ated to the extended use
of immersive virtual environments (ie, ocular problems,
disorientation and balance disturbances, and nausea).

Treatment Protocols

The treatment protocols were based on 5 weeks of stress
management training (2 sessions per week) following the“ stress
management program” by Kaluza [49] and on the “stress
inoculation training” by Meichenbaum [50].

Stress Management Training (SMT) is a short, focused, and
individualized intervention to improve individual coping with
stress at workplace [49]. A meta-analysis of 36 studies showed
the efficacy of SMT in reducing negative mood states (ie,
anxiety, depression) [51]. The StressInoculation Training (SIT)
[50,52] isavalidated short, semistructured, and active approach
to manage psychological stress (for a review, see [53]). The
effectiveness of SIT has been evaluated in different contexts.
In the clinical setting, SIT has proven an effective means of

http://www.jmir.org/2014/7/e167/
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In the occupational environment, SIT has been successfully
applied to support employees in managing stressful situations
[57,58] and to help athletes manage anxiety and improve
performance [11,59].

The treatment block for teachers (Block 1: n=61) was offered
by therapists from Istituto Auxologico Italiano both in the
Istituto Scientifico Ospedale San Luca, Milano, Italy and inthe
schoolswhere teachers worked. The treatment block for nurses
(Block 2: n=60) was offered by therapists from the Azienda
Ospedaliera Universitaria Policlinico “G. Martino” at the
Pervasive Healthcare Center, a clinical research center of the
Institute of Clinical Physiology.

The IR and CBT treatments were administered by clinical
psychologists with extensive experience in stress management
techniques. Detailed manuals were prepared to facilitate
adherence with the treatment protocols. Clinical reports were
checked for compliance at monthly supervision mestings. A
high level of protocol adherence was reported by therapists.
The difference between the treatment protocol s offered by each
block is detailed below (see also [41]).

Experimental Group

Overview

The experimental group used an Interreality protocol based on
the following technologies (see Figure 4 for details).
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Figure 4. Technologies used by the experimental group.
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Virtual Reality System used in the study

PC: Core i5, 8 GB RAM, NVIDIA GeForce GT 540M with
1GB GDDR5
HMD: VUZIX Wrap 1200VR, Twin WGA LCD, 35-degree
diagonal field of view, 3D and tracking support,
WWW.vuzix.com
VR SOFTWARE: NeuroVR 2.0, www.neurovr.org

3D counme

Virtual Scenarios offer
controlled emotional
experiences that can be used
both to assess and empower
the patient

i Biosensors used in the study
WIRELESS CARDIOVASCULAR BELT : developed by
University of Pisa, for the examination of the physiological (HR,
HRV and BR) and behavioral signals
BODY WORN WIRELESS SENSOR : Empatica E3 Wrist Sensor,
Bluetooth LE connection, Photoplethysmography (Heart rate,
HRV, MET), 3-axis Accelerometer (Movement, activity)
Temperature, Electrodermal Activity, www.empatica.com

The use of biosensors allows the
collection physiological and
behavioral data to assess and
predict stress

Smartphone used in the study

IPHONE 4S 16GB: UMTS/HSDPA/HSUPA (850,
900, 1900, 2100 MHz), Bluetooth 4 technology,
3.5-inch (diagonal) widescreen Multi-Touch
display
960-by-640-pixel resolution at 326 ppi,

The smartphone offers

real-time warnings, social support
and homeworks in the real context

3D Virtual Scenarios (in the Therapist's Office)

Immer sive Role-Playing Scenarios Where the Individual
I nteracts With Potentially Stressful Experiences

According to aliterature review and the results of aqualitative
analysis, different virtual stressful scenarioswere generated for

Figure5. A Virtual Reality trestment session of the Interreality trial.
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of the patient

both teachers and nurses (see Table 2). The stressful scenarios
were played by real actors, video-recorded, and included in the
virtual environments (using the free virtual reality platform
NeuroVR 2 [60-62]) after post-production (for ademonstration
of the procedure, see the video in Multimedia Appendix 2 and
Figure5).
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Immersive Natural Scenarios Used to Learn Specific
Relaxation Techniques

Inrecent years, VR hasbeen used in different clinical protocols
to facilitate relaxation processesin stressed or anxious subjects

Table 2. Thedifferent virtual stressful scenarios.

Gaggioli et a

[63-65] by visually presenting relaxing scenes [34,66]. The IR
relaxation environments were created on the basis of similar
virtual relaxing environments validated in previous studies
[34,64,67-69]. They included a beach, a lake with a waterfall,
a campfire in amountain resort, and a desert oasis.

Virtual scenarios for teachers

Virtual scenarios for nurses

Workload

Class management

Coping with parent’s criticism
Relationship with boss

Coping with parents’ handling efforts
Relationship with co-workers

Conflict management

Managing the patients’ relatives

Managing patients complaints

Managing a medical emergency situation

Relationship with colleagues

Managing relatives /caregivers anxiety

Distribution of work tasks

Patient-doctor communication

Managing patient’s anxiety

Unsuccessful collaboration/communication with colleagues

Discussions among medical doctors

Biosensors (Personal Biomonitoring System)

Overview

All elements of technology, including smartphone and
biosensors, were loaned to the EG participants free of charge.
Moreover, all the required data connection fees for real-time
stress monitoring were paid for by thetrial. All the participants
received 1-week group technology training plus personalized
support sessions if needed.

Biofeedback (in the Therapist’s Office)

Typically, 3D virtual worlds are a closed experience and do not
reflect in any way the real activity and status of the users. In
IR, physiological sensors (heart rate and heart rate variability)
are used to track the emotional/health status of the individual
and to influence their experience in the virtual world. To
improvethe efficacy of the relaxing environment, some features
of the experience (eg, the size of the fire or the waterfall flow
rate) were driven by the emotional status of the patient as
measured by biosensors (heart rate or heart rate variability).

Physiological Data Recording (Outsidethe Therapist's
Office)

To assess the level of contextua stress, each individual was
provided a body-worn wireless sensor (EMPATICA E3 wrist
sensor) that was ableto record and transmit psychophysiol ogical
(heart rate and heart rate variation) and activity datain real time.

Mobile Phone (Outside the Therapist’s Office)

Stress Tracking

The data received from the wireless sensors were assessed in
real time by a decision support system (the description of the
system that was used can be found in [70,71]). This system
provides the user with a graphical representation of the current
stress level experienced and allows them to check the history

http://www.jmir.org/2014/7/e167/

of stress levels variations experienced at different timescales
(eg, day, week, month).

Contextualized Homewor k

According to the performance achieved in the therapist’s office
and level of stress assessed by the decision support system, the
individual was able to experience on the smartphone different
guided relaxation and biofeedback virtual experiences
(non-immersive) similar to the ones experienced in the
therapist’s office.

Schema

Assessment Session (Session 1)

The session started with a discussion with the clinician about
the assessment week. Then, after a brief introduction to the
specific content of this session, the psychometric questionnaires
were administered for the first time (see below), and the
physiological baseline of the participant was recorded for 3
minutes. To measure the psychological variations occurring
during the different stressful virtual scenarios, subjects
completed the Visual Analogue Scalefor Anxiety (VAS-A) and
the State-Trait Anxiety Inventory Form Y-1 (STAI-Y1) at the
baseline and after each scenario. During stressful exposition,
participant physiological parameterswere also recorded. Besides
the stressful scenarios (see Table 2), each participant was
assessed in aneutral virtual environment and in one where they
completed a cognitive task in front of a virtual audience. This
allowed the therapist to identify the situations inducing the
highest level of stress. At the end of this session, the clinician
explained to the participant how to use the smartphone and the
body-worn wireless sensor.

Training Session (Sessions 2-9)
The following sessions were dedicated to teaching participants
how to cope with stress, through cognitive restructuring

techniques and relaxation exercises. Each session lasted about
1 hour and was divided into four parts: homework checking,
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exposure to a stressful VR environment, relaxation exercises
(with or without biofeedback), and a homework assignment.
The clinician decided with the participant the specific stress
scenarios to work on in the exposure (cognitive restructuring)
during at least two consecutive sessions. Cognitive restructuring
was used to help patientsidentify and challenge their erroneous
beliefs and interpretations. Specifically, patients were taught to
look at their negative beliefs, look for possible alternative
explanations and ways of thinking, and evaluate the pros and
cons of maintaining them. Relaxation was induced through the
immersion in a natural scenario selected by the subject, where
they could move and interact. The experience a so integrated
different pre-recorded audio narratives describing the specific
setting and guiding the execution of different progressive muscle
relaxation/deep breathing exercises. The scenario was
experienced with or without VR biofeedback, in alternate ways
during sessions. At the end of the sessions, the clinician
explained to the participant how to use the smartphone and the
body-worn wirel