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Abstract

Background: Interventions to promote mental well-being can bring benefits to the individual and to society. The Internet can
facilitate the large-scale and low-cost delivery of individually targeted health promoting interventions.

Objective: To evaluate the effectiveness of a self-directed Internet-delivered cognitive-behavioral skillstraining tool inimproving
mental well-being in a population sample.

Methods: Thiswas arandomized trial with awaiting-list control. Using advertisements on a national health portal and through
its mailing list, we recruited 3070 participants aged 18 or over, resident in England, and willing to give their email address and
access a fully automated Web-based intervention. The intervention (MoodGY M) consisted of 5 interactive modules that teach
cognitive-behavioral principles. Participants in the intervention arm received weekly email reminders to access the intervention.
The control group received access to the intervention after the trial was completed and received no specific intervention or email
reminders. Outcomes were assessed by using self-completion questionnaires. The primary outcome was mental well-being
measured with the Warwick-Edinburgh Mental Well-being Scale (WEMWBS). Secondary outcomeswere Center for Epidemiologic
Studies Depression scale (CES-D) depression scores, Generalized Anxiety Disorder 7-item scale (GAD-7) anxiety scores, EuroQol
Group 5-Dimension Self-Report Questionnaire (EQ-5D) quality of life scores, physical activity, and health service use. All
outcomes were measured at baseline, and at 6- and 12-week follow-ups.

Results: A total of 1529 (49.80%) participants completed final follow-up at 12 weeks. Retention was 73.11% (1123/1536) in
the control arm and 26.47% (406/1534) in the intervention arm. No rel ationship between baseline measures and withdrawal could
be established. The analysis of WEMWBS mental well-being scores using a linear mixed model for repeated measures showed
no difference between intervention and control group at baseline (difference—0.124 points, 95% CI —0.814 to 0.566), and significant
improvements for the intervention group at 6 weeks (2.542 points, 95% CI 1.693-3.390) and at 12 weeks (2.876 points, 95% ClI
1.933-3.819). The model showed ahighly significant (P<.001) intervention by timeinteraction effect. There were also significant
improvements in self-rated scores of depression and anxiety. Given the high level of attrition, a sensitivity analysis with imputed
missing values was undertaken that also showed a significant positive effect of the intervention.
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Conclusions: Participants allocated to theintervention arm had an average increase of approximately 3 pointsonthe WEMWBS
scale compared to no increase for participants in the control group. Three points on this scale is approximately one-third of a
standard deviation. In a low-cost automated intervention designed to shift the population distribution of mental well-being, a
small difference per individual could yield amajor benefit in population terms. In common with other Web-based interventions,
there were high rates of attrition. Further work is needed to improve acceptability, to evaluate against placebo effect, and to

disaggregate the effect on mental well-being from the effect on depression and anxiety.

Trial Registration:

International Standard Randomised Controlled Trial Number Register ISRCTN 48134476;

http://www.controlled-trials.com/| SRCTN48134476 (Archived by WebCite® at http://www.webcitation.org/6DFgW2p3Q)

(J Med Internet Res 2013;15(1):€2) doi:10.2196/jmir.2240

KEYWORDS

Mental heath; Public health; Randomized controlled tria; Internet

Introduction

Interventions to promote positive mental health and well-being
can bring benefits both to the individua by improving mood
and psychological functioning, and also to society in terms of
economic prosperity and social cohesion [1]. There is now
worldwide interest in the promotion of mental well-being with
measures of well-being being adopted as key economic
indicators alongside gross domestic product (GDP) [2]. Yet
therearefew studies of individually targeted interventions with
a primary aim of promoting mental well-being. In theory, an
approach using the principles of cognitive behavioral therapy
(CBT) to encourage more healthy patterns of thinking and
behavior may offer an individual-level intervention to promote
positive mental health. There is evidence for the effectiveness
of CBT approachesin preventing depression (primarily among
adolescents and young adults) [3-5], in improving resilience
(often group interventions delivered in workplace settings) [6],
and in the promotion of workplace well-being yielding benefits
such as improvements in productivity, sickness absence, and
stress[7]. Thereisalso an emergent literature on the promotion
of well-being using positive psychology interventions that
encompass a range of psychological approaches including
cognitive-behavioral aspects[8].

At the same time, the Internet is playing an increasingly
important role in health care. It can provide a platform for the
large-scale delivery of information and interventions for
modifying lifestylerisk factorsthat result in moreinformed and
empowered citizens who are better able to manage their own
health. The areaof e-mental health hasbeen of particular interest
to researchers and practitioners [9] because online tools, such
as Internet-delivered computerized cognitive behavioral
therapies (CCBT), have been shown to be effective for arange
of mental health conditions [10], both when combined with
therapist contact and when fully automated [11]. The Internet
isalso being used for positive psychology approaches[12]. The
fully automated Web-based MoodGYM intervention was
originally developed as atool to prevent depression in young
people and has been demonstrated to be effectivein thiscontext
[13]. It has also been shown to be acceptable, safe, effective,
and cost-effectivein aleviating symptoms of mild to moderate
depression and anxiety in community samples[14-17]. Although
self-directed Internet interventions are known to have low rates
of adherence [18], this is less of a problem in well-being

http://www.jmir.org/2013/1/e2/

promotion for the general population than for the treatment of
mental illness because it does not raise ethical questions of
inadequacy of treatment for a diagnosed health problem.
Moreover, as a mental health promotion tool, the intervention
can be delivered at very low marginal cost by using minimal
personnel resources so that it can be made freely available to
all whowishto useit, in contrast to atherapist contact approach
that is neither feasible nor affordable for all.

In this study, we undertook arandomized controlled trial to test
the effectiveness of aWeb-based individually targeted self-help
CBT package (MoodGY M) for promoting mental well-being
in the general population.

Methods

Study Design and Participants

We undertook arandomized trial with two parallel group arms:
intervention and awaiting-list control. Recruitment took place
over 2weeksin September 2010. Participantswere self-recruited
users of the UK National Health Service (NHS) NHS Choices
website who were invited to take part in an online trial to
promote mental well-being. Self-completion pop-up user surveys
conducted previously showed that in 2010 most users of this
NHS Choices website were women (76%), and 68% of users
were in the 25 to 64 years age range. To be eligible for our
study, participantswere required to confirm that they were aged
18 or over, lived in England (as covered by our ethics and
governance approval), and had Internet access and an email
address.

Procedures

Study recruitment advertisements were placed on the NHS
Choices website (specifically the Live Well and mental health
pages), in the NHS Choices newsdletter sent to all subscribers
(approximately 80,000), in emails sent to NHS Choices
Customer Insights research group, and on the NHS Choices
Facebook and Twitter pages, as well as on the Carers Direct
Facebook page. These advertisements offered participants the
opportunity to take part in a mental fitness trial, with the aim
of promoting mental well-being. The study was not advertised
as a treatment for people who were ill; the emphasis was on
mental health promotion. Thoseinterested in participating were
invited to complete an online form to confirm eligibility, and
to read information about the study. After a period of 48 hours
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to allow them time to reflect on their decision to take part in
the research, eligible participants were invited by email to
provide informed consent via an online form, to create a
username and password, and to complete baseline
guestionnaires. Trial administration was automated and
participants remained quasi-anonymous, identified only by
email address. Multiple registrations by single email address
were forbidden.

After completion of baseline measures, participants were sent
an automated email directingthemtologinto atrial portal with
their new username and password. At this point participants
were automatically randomized to either the intervention or
control group. Once randomized, participantswereimmediately
provided with access to the intervention (intervention group)
or they were given general information about accessing the NHS
Choices Healthy Living pages and informed that they would
receive the intervention after aperiod of 3 months (waiting-list
control group). Randomization was in a 1:1 ratio using
predefined automated computerized block randomization with
ablock size of 2. The automated computerized system was set
up by technical staff not involved in the day-to-day management
of the study. Allocation was concealed from the researchers.
Aswe choseto use awaiting-list control, participants were not
blind to whether or not they were in the intervention group. To
prevent contamination in the control arm, we did not use the
name “MoodGYM” in the study documentation. Participants
werefreeto withdraw at any timewithout giving areason. There

http://www.jmir.org/2013/1/e2/
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were no content changes, periods of downtime, or bug fixes
required during the trial.

We received approvals from the NHS ethics committee (Black
Country REC 10/H1202/21), the Australian National University
(ANU) Human Research Ethics Committee (protocol number
2010/244) and NHS research governance. The study was
registered on the International Standard Randomised Controlled
Trial Number Register (ISRCTN 48134476).

Intervention

MoodGYM is a free Internet-based self-help program that
teaches cognitive-behavioral skills. It consists of 5 interactive
modulesthat use diagrams and online exercises. It demonstrates
the relationship between thoughts and emotions, examinesissues
related to stress and to relationships, and teaches rel axation and
meditation techniques. It also includes sections on managing
relationships and problem solving. Screenshots of the
MoodGY M intervention areshownin Figure 1. Participantsare
encouraged to work their way through each of the 5 modules,
1 module per week, but are able to work at their own pace, ad
libitum. The program includes an online workbook with 29
online exercisesto help promote mental health. We made slight
modifications to some phrases used in the MoodGY M tool to
replace Australian colloquialisms with their English equivalent.
We added logosto indicate affiliation to the NHS and University
of Warwick (lead academic ingtitution). Participants in the
intervention arm received weekly email remindersto login to
the trial portal where they could access the intervention.

JMed Internet Res 2013 | vol. 15 | iss. 1 [€2 | p.5
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 1. Screenshots of MoodGY M intervention.

“Wecome 0 Retax Fest. e Garme whare o contesans.
vt b i Bt s Iy achusty Ko

1 e o s, 5 Gt e 8, e ot T e

Control Group

The comparator was a waiting-list control group. During the
trial, the control participants did not receive any specific
intervention or email reminders. In common with the participants
intheintervention arm, control participantswere ableto access
genera information pages on mental well-being on the NHS
Choices website. At the completion of thetrial (3 months after
its commencement), participants in the control group were
provided with access to the intervention.

Outcome M easures

The primary outcome measure was mental well-being as
measured using the sal f-compl etion Warwi ck-Edinburgh Mental
WEell-being Scale (WEMWBS) [19]. This 14-item instrument
has been validated for the UK population and adopted by the
Scottish Health Survey and the Health Survey for England. It
asksrespondentsto read statements about feelings and thoughts
and to choose the response (a 5-point scale ranging from none
of thetimeto all of thetime) that best describestheir experience
over the previous two weeks. Example items are “I've been
feeling optimistic about the future” and “1’ve been thinking
clearly.” It has been shown to have good content validity and
shows high correlations with other scales of mental health and
well-being. It has a near-normal population distribution, with
no ceiling effects.

http://www.jmir.org/2013/1/e2/
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The Unwarping Module:

Changing Warped Thoughts

Secondary outcomes were self-completed Center for
Epidemiologic Studies Depression scale (CES-D) depression
scores, Generalized Anxiety Disorder 7-item (GAD-7) anxiety
scores, EuroQol Group 5-Dimension Self-Report Questionnaire
(EQ-5D) quality of life scores, physical activity (self-reported
frequency of exercise), and use of health services (self-reported
general practitioner consultations or hospital visits). All
outcomeswere measured at the start of thetrial (baseline before
the intervention), immediately following the intervention (6
weeks after baseline), and 6 weeks after the intervention was
finished (12 weeks after baseline).

Statistical Analysis

The study was powered to detect a difference of 2 pointsin the
change over time (to the 12-week endpoint) of the WEMWBS
score. Based on an estimated population mean score of 49.8
(from the Scottish Health Survey 2008) [20], and a standard
deviation for mean change in WEMWBS scores over time of
9.84 [21], we required approximately 510 participants in each
group with full data (for 2-sided type| error rate a = .05, power
of 90%). Allowing for a high level of attrition (estimate 50%)
as is common in fully automated Internet interventions, we
aimed to recruit 2040 participantsin total.

For the analysis of the primary endpoint and secondary
endpoints where possible, (generalized) linear mixed models
for repeated measures were fitted. These models appropriately
account for the correlation between measurements from the
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same subject at different time points (baseline, 6-week
follow-up, and 12-week follow-up). Models for each endpoint
consisted of 3 effects: measurement occasion (time), intervention
(MoodGYM or waiting-list control), and the interaction effect
of time and intervention. Of primary interest was the
intervention by time interaction effect. This effect informs
whether the intervention type had a differential effect on the
change over timein the two groups, thus answering the primary
research hypothesis. Adjusted least squares means estimates
and standard errors are presented for each endpoint and each
model. An unstructured covariance matrix was used for
modeling of correlations between repeated observations asthis
covariance matrix yielded the best fit among investigated
structures for all endpoints.

Secondary endpoints which did not satisfy distributional
assumptionsfor the repeated measures analysiswere compared
using paired t tests. These t tests were utilized to compare
changes of outcome val ues between time pointsfor MoodGY M
and waiting-list control rather than absolute outcome values.
Change scores fulfilled distributional assumptions of the t test
where applied. Simple descriptive statistics (mean, median,
standard deviation, range) were used to compare baseline
characteristics of the two groups. The statistical analysis was
conducted using the statistical software package SAS release
9.2 (SASIngtitute, Inc, Cary, NC, USA). Ordinary linear mixed
models were fitted using the MIXED procedure and the
GLIMMIX was employed for fitting generalized linear mixed
models. A 2-sided type | error rate of 5% was used throughout.

http://www.jmir.org/2013/1/e2/
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Anayses were conducted on an intention-to-treat basis,
including al participants in the groups to which they were
randomized.

Results

Participation Rates

Thetrial flow diagram (Figure 2) shows participant recruitment
and retention at baseline, 6-week follow-up, and 12-week
follow-up. Over a 2-week period in September 2010, 8589
peopl e accessed the URL ; 4833 people compl eted the éligibility
screening for the study and were sent invitation emails. Of these,
3070 returned the completed consent forms and baseline
measures and were randomized into the study.

Attrition rate was high in this study. Total losses to follow-up
were 50%, with participantsin theintervention arm morelikely
to withdraw from the study. Attrition was 73.5% in the
intervention arm and 26.9% in the control arm (risk ratio 2.76,
95% Cl 253-3.02). No relationship between baseline
characteristics and likelihood of withdrawal could be
established. The WEMWBS score at baseline and posttest was
slightly higher for participants retained in thetrial until the end
for both armsthan for those participants who withdrew, but this
difference was small and not statistically significant. A small
number of participants (61 MoodGY M, 77 control) had missing
observations at the 6-week follow-up, but provided responses
at the later follow-up.
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Figure2. CONSORT flow diagram.

Powell et &

CONSORT Flow Diagram

Assessed for eligibility {(n= 4833)

[ Enroliment ]\

Excluded {n=1763)
Mot meeting inclusion criteria (n=112)
Enrolment not completed (n=1528)
Bassaline survey not completed (n=125)

Randomized {n=3070)

}

x Allocation | ¥

Allocated to intervention (n=1534)

J
Allocated o waiting list {(n= 1536}

——

Completed § week follow-up (n=55T7)

1
Follow-up ]

h

Completed § week follow-up (n=1219)

Completed 12 week follow-up (n=40&)

Completed 12 week follow-up {n=1123)

ke

Analvsis ] L

Analyzed (n=1534)

Analyzed (n=1536)

Comparison of Baseline Characteristics

Table 1 summarizes the demographics and baseline
characteristics of participantsin thetrial who werewell balanced
between the treatment groups. Most of participantswerefemale
(77.88%), in line with the general profile of the users of the

http://www.jmir.org/2013/1/e2/
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RenderX

NHS Choices portal that we used for recruitment, and 92.15%
reported white ethnicity. The mean age was 41 years. Most
participants were using the Internet daily and rated themselves
as having either good or excellent Internet ability. More than
half of the study participants had previously received treatment
for amental health problem.
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Table 1. Demographic and baseline characteristics of trial participants (N=3070).

Powell et &

Variable MoodGYM Control
(n=1534) (n=1536)

Gender, n (%)

Female 1179 (76.86) 1212 (78.91)
Age (years), mean (SD) 40.88 (12.96) 41.39 (13.05)
Ethnicity, n (%)

White 1408 (91.79) 1421 (92.51)

Mixed 23 (1.50) 26 (1.69)

Asian 33(2.15) 30(1.95)

Black 26 (1.69) 16 (1.04)

Other 29(1.89) 31(2.02

Invalid/missing 15 (0.98) 12(0.78)
Marital status, n (%)

Married/cohabiting 723 (47.13) 711 (46.29)

Divorced/separated 266 (17.34) 292 (19.01)

Never married 545 (35.53) 533 (34.70)
Employment status, n (%)

Working 953 (62.13) 916 (59.64)

Student 56 (3.65) 61(3.97)

Retired 93 (6.06) 101 (6.58)

Looking after home/family 202 (13.17) 234 (15.23)

Unemployed 174 (11.34) 181 (11.78)

Other 56 (3.65) 43 (2.80)
Smoking, n (%)

Daily 218 (14.21) 214 (13.93)

Occasionally 103 (6.71) 108 (7.03)
Units of alcohol in past week, mean (SD) 2.93(3.88) 3.14 (4.16)
Drug usein past week, n (%)

Yes 53 (3.46) 40 (2.60)
Internet use frequency, n (%)

At least once aday 1361 (88.72) 1348 (87.76)

Several times week 165 (10.76) 171 (11.13)

Less than once aweek 8(0.52) 17 (1.11)
Internet ability, n (%) &

Excellent 847 (55.22) 822 (53.52)

Good 560 (36.51) 578 (37.63)

Fair 123 (8.02) 127 (8.27)

Poor 2(0.13) 4(0.26)

Bad 2(0.13) 1(0.07)
General health score, mean (SD) 69.12 (21.10) 69.04 (20.40)
Previoustreatment of a mental health problem, n (%)

Yes 877 (57.17) 843 (54.88)
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Variable MoodGYM Control
(n=1534) (n=1536)
Previous CBT experience, n (%)
Yes 326 (21.25) 321 (20.90)
Previous I nternet-based CBT, n (%)
Yes 116 (7.56) 114 (7.42)
Number of daysin past week with > 30 minutes physical activity, n (%)
0 418 (27.25) 408 (26.56)
1 254 (16.56) 261 (16.99)
2 287 (18.71) 281 (18.29)
3 222 (14.47) 221 (14.39)
4 134 (8.74) 107 (6.97)
5 99 (6.45) 124(8.07)
6 36(2.35) 48 (3.13)
7 84 (5.48) 86 (5.60)

& Control group responses n=1532.

Primary Endpoint Analysis

The primary research hypothesis of thetrial wasthat MoodGY M
improves well-being measured by WEMWBS at 6-week and
12-week follow-ups. Table 2 displays the adjusted WEMWBS

score means on each measurement occasion. The difference at
baseline, 6 weeks, and 12 weeks was —0.124 (95% Cl —-0.814
to 0.566), 2.542 (95% CI 1.693-3.390), and 2.876 (95% ClI
1.933-3.819) points, respectively.

Table?2. Estimatesof marginal meansover balanced populations and standard errorsfor the Warwick-Edinburgh Mental Well-being Scale ( WEMWBS).

Time point WEMWABS scores
MoodGYM Control

Baseline

Marginal mean 42.20 42.32

Standard error 0.251 0.246
6-week follow-up

Marginal mean 44.46 41.92

Standard error 0.343 0.265
12-week follow-up

Marginal mean 45.17 42.30

Standard error 0.387 0.285

The results from a mixed model repeated measures analysis
including time, intervention, and the interaction between them
are given in the upper part of Table 3. The interaction effect
(intervention x time point) is highly significant (P<.001),
indicating that the intervention, MoodGY M, has a differential
treatment effect compared with the control arm. A partition of
the interaction effect to provide comparison of the two groups
at each time point [22], indicated that there was no difference
at baseline (P=.72) but that differences at 6 and 12 weeks were
both highly significant (P<.001 in each case). Covariates were
added to the model individually to determine those that had an
influence on the model fit. All covariates that improved the

http://www.jmir.org/2013/1/e2/

model fit (in terms of the Akaike Information Criterion [AIC]
using a likelihood ratio test) were included in the full model
shown in Table 3. The overall model fit was significantly better
than for the model excluding covariates (P<.001). The
intervention by time interaction remained highly significant
(P<.001). Although previous treatment for a mental health
problem explained a significant amount of variation in the
model, previous treatment did not have a significant impact on
the change of WEMWBS scores over the study duration. There
was no significant covariate by intervention interaction for any
of theinvestigated covariates.
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Table 3. Typelll test of fixed effects for primary endpoint (WEMWBS).
Effect F test (df) P
Basic model (AIC = 44,482) &
Intervention 23.74 (1,3068) <.001
Time point 25.68 (2,3301) <.001
Intervention x time point 33.87 (2,3301) <.001
Full model (AIC = 43,959) &
Intervention 31.08 (1,3057) <.001
Time point 25.44 (2,3299) <.001
Intervention x time point 33.51 (2,3299) <.001
Mental health service 197.04 (1,3057) <.001
Mental health service x time point 0.46 (2,3299) .63
Physical activity 16.00 (7,3057) <.001
Previous CBT use 19.92 (1,3057) <.001
Smoking 24.11 (2,3057) <.001

2 AIC: Akaike Information Criterion.

To explore whether bias was introduced through systematic
participant dropout, we undertook a completer analysis using
the observed mean scores for those participants who completed
all 3 investigations. Mean scores for those who adhered to the
follow-up schedule were dlightly higher on each occasion in
both the MoodGY M and control armsthan for the overall study
population. However, mean WEMWABS scores at baseline for
completerswere only 0.42 and 0.13 points above the full study
population means for MoodGYM and control groups,
respectively, indicating that there was no systematic dropout of
participants with lower baseline scores.

Given the high level of attrition, a sensitivity analysis with
imputed missing values was conducted to evaluate the
robustness of the effect of MoodGYM on mental well-being
[23]. Missing values were imputed using the last observation
carried forward (LOCF) procedure. This procedure is known
to possess poor properties, underestimating variability and
producing biased treatment effect estimates [24]. The LOCF
procedure was only used here as a sensitivity analysis to
investigate robustness given the high level of attrition. The

http://www.jmir.org/2013/1/e2/

estimated mean WEMWABS scores for the imputed dataset at
12-week follow-up were 43.34 and 42.24 for MoodGY M and
control, respectively. Even under this highly conservative
assumption, the interaction of intervention and time remained
highly significant (P<.001).

Analysis of Secondary Endpoints

Depression and Anxiety

The results presented in Tables 4 and 5 show that MoodGY M
and the waiting-list control had a significantly different effect
on the CES-D score and GAD-7 score over time with
participants in the intervention (MoodGY M) arm reporting a
reduction in levels of depression and anxiety. The time by
intervention interaction was highly significant (P<.001) for both
endpoints. The differences at baseline, 6 weeks, and 12 weeks
were—0.041 (95% Cl —0.993t0 0.911), —2.793 (95% Cl —3.947
to —1.640), and —3.365 (95% Cl —4.621 to —2.110) points
respectively for CES-D, and 0.212 (95% CI —0.074 to 0.758),
—1.124 (95% Cl —1.607 to —0.642), and —1.495 (95% Cl —2.030
t0 —0.960) points for GAD-7.
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Table 4. Estimates of margina means over balanced populations and standard errors for Center for Epidemiologic Studies Depression scale (CES-D)

endpoint.
Time point CES-D scores
MoodGYM Control
Baseline
Marginal mean 23.23 23.27
Standard error 0.338 0.348
6-week follow-up
Marginal mean 20.38 23.17
Standard error 0.469 0.356
12-week follow-up
Marginal mean 19.30 22.67
Standard error 0.515 0.381

Table5. Estimates of marginal means over balanced populations and standard errors for Generalized Anxiety Disorder 7-item scale (GAD-7) endpoint.

Time point GAD-7 scores
MoodGYM Control

Baseline

Marginal mean 8.80 8.46

Standard error 0.151 0.149
6-week follow-up

Marginal mean 7.17 8.29

Standard error 0.193 0.153
12-week follow-up

Marginal mean 6.60 8.10

Standard error 0.221 0.161

Quality of Life, Physical Activity, and Health Service Use

The EQ-5D quality of life data were bimodal rendering an
analysisusing alinear mixed model impossible. Instead, t tests
comparing the individual changes of EQ-5D scores between
the two treatment arms were conducted. Change data were
sufficiently normally distributed for the changes between
baseline and the second follow-up measurement. There were
no significant differences between arms for the change to 6
weeks (P=.78) or to 12 weeks (P=.42).

Physical activity was measured by using an ordered categorical
variable (“In the past week, on how many days have you done
atotal of 30 minutes or more of physical activity, which was
enough to raise your breathing rate”). Therefore, we used a
mixed-effects proportional odds model to analyze this endpoint.
This models the probability of being in category “x days of
activity” or fewer days of activity for each of the 8 categories.
Direct maximum likelihood estimation was used instead of the
restricted maximum likelihood estimation employed in presented
linear mixed models. The interaction term was significant
indicating that the patterns of change of physical activity over
time were significantly different between the two groups.
Although significant, the effect (F test) was smaller than for
the primary outcome and the secondary endpoints CES-D and

http://www.jmir.org/2013/1/e2/

GAD-7. Theimpact of time appearsto be greater than theimpact
of treatment on this endpoint. Examination of the data suggests
that the difference is explained by participants in the control
group being more likely to report reduced activity at 12 weeks.

The number of general practitioner visitsand hospital outpatient
visits during the previous month were reported at baseline, 6
weeks, and 12 weeks and compared between the 2 groups.
Repeated measures generalized linear mixed model for count
data assuming a Poisson distribution were fitted for both
secondary endpoints. The results showed that there was no
significantly different effect between the groups on the mean
number of GP visits over time (P=.30). There was aso no
differential effect between the MoodGYM and waiting-list
control groups on the mean number of hospital attendances
(P=.32).

Prespecified Subgroup Analyses

In order to investigate the consistency of the treatment effect,
subgroup analyses based on age, gender, psychiatric history,
previous use of CBT, level of anxiety, and level of depression
were prespecified in the protocol. For each subgroup, a mixed

model consisting of atime, group, and time x group effect was
fitted. The results of these analyses are shown in Table 6. The
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treatment effect was very consistent across subgroups. Changes
inthe WEMWABS primary outcome remained significant for all
subgroups except those aged under 26 years (change of 2.13
points, P=.22); however, the numbers in this subgroup were
small as indicated by the wide confidence intervals. The 95%
Cl for participants over the age of 25 is entirely contained in

Powell et &

the ClI for those aged under 26 years. Thus, thereisno evidence
for adifferential treatment effect between these two subgroups.
Of note, the nondepressed and nonanxious subgroups of those
with a CES-D score less than 16, or a GAD-7 score less than
10, both showed significant improvement in their WEMWBS
well-being scores (P<.001).

Table 6. Subgroup analysis for primary endpoint, the Warwick-Edinburgh Mental Well-being Scale (WEMWBS) score.

Subgroup Baseline 12-week follow-up F P
characteristic (df)?
MoodGYM Control Mean MoodGYM Control Mean 95% ClI
mean (n) mean (n) diff mean (n) mean (n) diff
Age<26years  41.93(182) 4151(172) 0.42 45.63 (30) 4350(114) 213 -0.94, 1.50 22
5.20 (2,319)
Age>25years  42.23(1352) 4242(1364) -0.19  45.13(376) 4217 2.96 197,395 33.40 <.001
(1009) (2,2978)
Female 42.29 (1179) 42.27(1212) 0.02 44,95 (327) 42.15(889) 2.80 1.76,3.83 23.08 <.001
(2,2614)
Male 41.88 (355) 4250(324) -0.62 45.97 (79) 42.80(234) 3.17 097,537 1175 <.001
(2,683)
Psychiatric history 39.47 (877) 39.85(843) -0.38 42.48 (219) 3959(621) 2.89 162,417 20.97 <.001
(2,1830)
No psychiatrichis- 45.83 (657) 45.32(693) 051 48.74 (187) 4559(502) 3.15 1.83,447 1351 <.001
tory (2,1467)
Previous CBT 38.70 (326) 39.40(321) -0.70 41.00 (93) 38.74(251) 2.26 0.37,4.16 7.40 .007
(2,750)
No previousCBT  43.14 (1208) 43.09(1215) 0.05 46.38 (313) 43.26(872) 3.12 206,419 2818 <.001
(2,2547)
GAD-7<10 46.70 (915) 46.77(934) 007  48.77 (242) 46.00(683) 2.78 167,388 17.72 <.001
(2,2034)
GAD-7>9 35.53 (619) 35.42(602) 0.11 39.90 (164) 36.60(440) 3.30 1.83,4.77 16.94 <.001
(2,1263)
CES-D<16 51.46 (506) 51.51(514) -0.05 51.99 (139) 49.72(379) 2.28 0.85,3.70 9.70 <.001
(21119)
CES-D>15 37.64 (1028) 37.70(1022) —0.06  41.76 (267) 3857(744) 3.18 209,428 2471 <.001
(2,2183)
CES-D>26 33.94 (601) 33.96(596) -0.02. 38.52(150) 35.74(437) 2.77 131,424 15.82 <.001
(2,1265)

agroup x time.

Use of Intervention

Figure 3 shows the number of completed modules of the
MoodGYM intervention by number of participants in the
intervention arm.

http://www.jmir.org/2013/1/e2/

A post hoc exploratory dose-response anaysis to investigate
the relationship between number of modules of the MoodGY M
intervention completed and change in well-being, reveal ed that
the change from baseline WEMWBS scoreto score at 12 weeks
was significant for participants in the intervention group
(“condition=moodgym”) who completed 2 or more modules
(Figure 4).
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Figure 3. Number of completed modules by participants in intervention group.
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Figure 4. Mean Warwick-Edinburgh Mental Well-being Scale (WEMWBS) scores by number of completed weeks. Red is mean score at baseline and

blueis mean score at 12-week follow-up.

condition=moodgym

50

40

304

WEMWBS

204

0 1 2

3 4 5

dose

[B WEMWBS_{Z (Mean), 95% Confidence Limits_B WEMWES_0 (Mean) |

Adverse Events

We received emailsfrom 2 participants who indicated that they
were suffering somelevel of mental distressthat could possibly
be related to the intervention. Neither was deemed to be a
serious adverse event by the Trial Steering Committee, and both
were reported to the ethics committee. In the first instance, a
trial participant said that they no longer wished to continue with
thetrial having found one section of the intervention (on warpy
thoughts) difficult to complete. In the second instance, a trial
participant reported finding the intervention distressing to
complete and asked to be withdrawn. Both participants were
withdrawn immediately and given advice on seeking help from
their primary care provider or from mental health services.

Discussion

Main Findings

We successfully delivered a fully automated health promoting
intervention to a large sample of the general population using
the Internet. On average, those alocated to receive the
intervention improved their mental well-being scoresby almost
3 pointson the WEMWBS scal e over a12-week period, whereas
the scores for those in the waiting-list control group (who
received no intervention) remained nearly unchanged. This
effect was highly statistically significant (P<.001). The observed
change of 2.876 points on the WEMWABS scale represents an

http://www.jmir.org/2013/1/e2/
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effect size (Cohen’sd) of approximately 0.34. In apublic health
intervention designed to shift the whole distribution of mental
well-being upwards in a population, such a difference can be
important because a small difference per individual can bring
amgor benefit in population terms (as seen, for example, in
public health interventionsto reduce blood pressure). Analyses
of secondary outcomes showed significant improvements
(P<.001) in self-report measures of depression (CES-D) and
anxiety (GAD-7). There were no significant differences in
measures of quality of life (EQ-5D) or self-reported health
service use. Therewas also asignificant difference (P=.002) in
self-reported physical activity at 12-week follow-up, explained
by participantsin the control group being more likely to report
reduced activity. Our data on participant usage confirms high
attrition rates and shows that a relatively low proportion of
participants completed al 5 modules, and a post hoc
dose-response  analysis found statistically  significant
improvements in mental well-being (from baseline scores) in
those completing 2 or more modules.

Limitations

Although we sought volunteers from the general population,
the people who volunteered to take part in the research had
relatively low initial mental well-being scores, which is not

surprising given that we requested volunteers to take part in
research to improve their mental well-being and the recruitment
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routes included advertisements placed on the mental health
webpages of NHS Choices. The mean WEMWBS scorefor our
participants was 42. The general population average (obtained
from the Scottish Health Survey) is 49.8 (SD 8.3) [20]. Our
study population also had relatively high mean scores on
measures of depression (CES-D scale) and anxiety (GAD-7)
scale, and a high level of previous treatment of a mental health
problem, confirming that although our aim was to recruit
volunteers from across the general population, an intervention
for promoting mental well-being had particular salience for
those with some level of mental health problems. This means
we cannot be certain that asimilar increasein well-being would
be observed in a population with no prior mental health
problems, although, importantly, our subgroup analyses showed
that the treatment effect remained highly significant between
the two arms of the trial within the subgroup of nondepressed
participants and within the subgroup of participants with no
previous treatment of mental health problems.

The trial was waiting-list controlled, so we cannot rule out the
possihility of aplacebo effect. We did not follow up participants
beyond 3 months and further work on long-term effectiveness
would be desirable. Therewas alow level of male participation
inthetrial, although the ratio of maleto femal e participantswas
in line with the profile of users of the portal from which we
recruited. There was a high level of dropout from the trial,
particularly in the intervention arm. We tried to minimize
dropout by incorporating a 48-hour period between passing
eligibility screening and being accepted into thetrial and by not
randomizing until after all baseline measures had been
completed. In this way, we hoped to recruit participants with
some commitment to returning to the website and participating
in the study. Most people who dropped out did not inform us,
but simply stopped returning to the site or responding to emails.
It is likely that more participants were retained in the control
arm asthey had an incentiveto stay in (they were on thewaiting
list to receive theintervention), and the tasks they were required
to complete during thetrial (surveys at 6 weeks and 12 weeks)
were less demanding than for the intervention group
(intervention and surveys). Importantly, no systematic
differences between those who dropped out and those who
completed in either theintervention or the control groups could
beidentified, and there was no systematic dropout of participants
with lower baseline scores. A sensitivity analysis that assumed
that those who dropped out would have had no change in their
well-being scores, showed that under this assumption the
intervention would still have had a significant positive effect
on mental well-being. Self-directed Internet interventions are
known to havelow rates of adherence [25], but thisis potentially
less of a problem in well-being promotion for the general
population than for the treatment of mental illness because it
does not raise ethical questions of inadequacy of treatment of
a diagnosed health problem. Moreover, as a mental health
promotion tool, the intervention can be delivered at very low
marginal cost using minimal personnel resources so that it can
be made freely available to all who wish to useit, in contrast
to atherapist contact approach which would be neither feasible
nor affordable for all.

http://www.jmir.org/2013/1/e2/
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Comparison With Other Studies

This was the first trial to evaluate the promotion of mental
well-being using an Internet-based CBT approach. Previous
trials of Internet-based CBT approaches have shown
effectivenessin treating mild to moderate depression and in the
prevention of depression[11]. A recent systematic review found
5 randomized controlled trials that used positive psychology
interventions (PPI), some of which used cognitive-behavioral
principles, delivered over the Internet and measured well-being
as an outcome [26]. Three of the studiesin the review targeted
adults with depression [27-29]. Of the 2 studies that included
general population samples, one used a strengths intervention
(identifying and using your strengths) delivered to an Australian
population recruited through online advertisements. This trial
showed asignificant improvement on 1 of 4 apriori well-being
outcome measures (the Personal Well-being Index), but not on
the other 3 [30]. The other trial tested an online
resilience-training package for salesmanagers, alsoin Australia
that found no improvement on the Authentic Happiness Index
[31]. Both of these trials had high levels of attrition (83% and
41.5%, respectively) as found in our study. Both studies had
far fewer participants than in the present study (160 and 53
participants, respectively). The study by Mitchell and colleagues
[26] used an information-only placebo control group given
online information about problem solving, whereas the study
by Abbott and colleagues[31] used awaiting-list control group.

Conclusions

This study demonstrated that a low-cost, easily accessible,
highly scalable, and self-directed intervention delivered in a
fully automated fashion can be effective at improving mental
well-being among regular Internet users recruited from the
genera population accessing anational health portal in England.
Given the potential societal benefits of anincreasein population
well-being and the cost advantages of I nternet-delivery with no
practitioner contact, this could have maor implications if
accessed more widely. We have also demonstrated in this study
that a national health portal provides a feasible and acceptable
platform for the successful and rapid recruitment of participants
into research. The trial procedures including consent and all
baseline and follow-up measures were fully automated with
implicationsfor thefuture conduct and cost of trialswith designs
that could harness this.

Further work is needed to eval uate the effect of MoodGY M on
mental well-being against a control website, to follow up
participants more completely and for longer periods of time,
and to target those who are not currently depressed to
disaggregate the effect on mental well-being from the effect on
depression and anxiety. Thislast aim could perhaps be achieved
by recruiting participants from a nonhealth website. There is
also ageneral need to further explore the relationship between
intervention adherence and outcomes [32]. Intervention
development could follow other investigators in this field and
explore how to increase adherence, perhaps by examining user
motivations to persist [33], and trialing aternate modes of
delivery [34], which may include mobile health applications.
Finaly, there is aso a need for rigorous evaluation of
CBT-based approaches in comparison with other approaches
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that may improve well-being, such as positive psychology and  mindfulness interventions.
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Abstract

Background: Online weight loss programs are increasingly popular. However, little is known about outcomes and associations
with website usage among members of free online weight loss programs.

Objective: This retrospective cohort study examined the association between website usage and weight loss among members
of afree commercial online weight loss program (SparkPeople).

Methods: We conducted a retrospective analysis of a systematic random sample of members who joined the program during
February 1 to April 30, 2008, and included follow-up data through May 10, 2010. The main outcome was net weight change
based on self-reported weight. Measures of website usage included log-ins, self-monitoring entries (weight, food, exercise), and
use of socia support tools (discussion forums, friendships).

Results: The main sample included 1258 members with at least 2 weight entries. They were 90.7% female, with mean (SD)
age 33.6 (11.0) and mean (SD) BMI 31.6 (7.7). Members with at least one forum post lost an additional 1.55 kg (95% CI 0.55
kg to 2.55 kg) relative to those with no forum posts. Having at least 4 log-in days, weight entry days, or food entry days per 30
days was significantly associated with weight loss. In the multiple regression analysis, members with at least 4 weight entry days
per 30 days reported 5.09 kg (95% CI 3.29 kg to 6.88 kg) more weight loss per 30 days than those with fewer weight entry days.
After controlling for weight entry days, the other website usage variables were not associated with weight change.

Conclusions: Weekly or more frequent self-monitoring of weight is associated with greater weight loss among members of this
free online weight loss program.

(J Med Internet Res 2013;15(1):e11) doi:10.2196/jmir.2195

KEYWORDS
Internet; Obesity; Overweight; Weight loss; Adherence; Attrition

the efficacy of such programs, it isimportant to identify specific

Introduction features that promote favorable weight |oss outcomes [2].

More than one third of US adults are obese [1] Online wei ght A pog'tive association between website usage (prograrn
loss programs represent a convenient and scalable resourcefor  engagement) and weight loss has been demonstrated among
the prevention and treatment of obesity. In order to maximize  partjcipants enrolled in randomized trials and other prospective

investigations [3-11]. But because those studies involved
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research volunteers who met strict eligibility criteria, results
may have limited applicability to the general public. Instead of
enrolling in aformal research study, individuals seeking to lose
weight are more likely to join acommercial online weight loss
program. Naturalistic evaluations of commercial online weight
loss programs are needed to understand the benefits and
limitations of theseincreasingly popular resources. While recent
reports have described outcomes among paid subscribers to
commercia online weight loss programs based in Australia
[12], the United Kingdom [13], and Sweden [14], comparatively
little is known about website usage and weight loss among
members of free online weight loss programs. This is an
important gap in the literature because consumers and health
care providersstrongly prefer freeweight loss programs[15,16].

Therefore, we evaluated a naturalistic cohort of members of
SparkPeople, which is afree online weight loss program based
in the United States. Prior studies described the accuracy of
advice [17] and types of socia support [18] shared among
SparkPeople members, as well as the positive association
between use of the program’sonlineforumsand perceived socia
support [19,20]. The purpose of this retrospective cohort study
was to describe the magnitude of weight loss and examine the
association between website usage and weight loss.

Methods

Membership in the SparkPeople online weight loss program is
free and supported chiefly through advertising revenue. Most
members are from the United States. The main features are
educational content, self-monitoring tools (for weight, diet, and
exercise), and social support venues (discussion forums, blogs,
and “Friend” relationships similar to general online social
networks). Members use the program largely in a self-directed
and self-paced manner. They are free to use website features
and make weight entries at any time. As of 2009, members
could also access components of the website via mobile
applications, although data on mobile access were not included
in the present dataset.

Study Sample

Approximately 521,000 members joined the program during
February 1 — April 30, 2008. Systematic random sampling
produced theinitial cohort of 26,582 individualswith abaseline
weight. This de-identified dataset included all available
follow-up data for these members through May 10, 2010.

Members were then excluded from analysis if they reported
extreme outlying valuesfor baseline characteristics: age greater
than 100 years, weight lessthan 100 |b (45.4 kg) or greater than
800 Ib (362.9 kg) with no follow-up weight entries, or height
greater than 10 ft (3.05 m). These extreme outlier values were
considered unredlistic, data entry errors, and/or not relevant to
the analysis. Exclusion of 469 memberswith outlier values|eft
an interim cohort of 26,113 members. Although we did not
implement afilter for very short heights, the filtering process
eliminated members with extreme height values, as the height
range was 49-78 inches in the final cohort (n=1258) described
below.

http://www.jmir.org/2013/1/e1l/
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Self-reported weights may beinaccurate dueto dataentry errors,
such as omitting, adding, or transposing digits. All 58,574
weight entrieswere analyzed for potential dataentry errorswith
aseries of automated and manual procedures. There were three
automated filters (F1, F2, F3) for members with three or more
weight entries, and a fourth automated filter (F4) for members
with two or more weight entries. The first filter (F1) entailed
fitting a second order polynomial regression line on the weight
entries and dates; the distance of each point from the expected
line (residual) was calculated. Points were flagged for visual
evaluation if theresidual was more than three timesthe standard
deviation of the residuals for the individual record, and the
difference between the actual and expected weight was greater
than 101b (4.5 kg). The second filter (F2) flagged membersthat
had a change of more than 2% body weight per day (whether
over ashort or long period of time). Thethird filter (F3) flagged
memberswho had an absolute change of 50 1b (22.7 kg) or more
between any two weight entries. The fourth filter (F4) flagged
memberswith aweight change of 100 Ib (45.4 kg) or more over
the complete recorded period.

The automated filtersidentified 301 potentially erroneousweight
entries among 248 unique SparkPeople members. Two
independent observers (KOH and AWT) manually reviewed
these 301 weight entriesin the context of the other weight entries
for agivenindividual (thetrend) to determinewhether the entry
was erroneous. The observers demonstrated high interrater
reliability, with an overall 95% agreement and Cohen’s Kappa
.90. When the observers disagreed about a weight entry, they
discussed and reached a consensus determination. After the
automated filters and manual review, 73 of 301 weight entries
(24%) were deemed erroneous and excluded from analysis. This
represents 0.12% of all weights available (73/58,574).

Because the main objective was to evaluate the relationship
between website usage and weight loss, 20,518 members with
only one weight entry were excluded. The subsequent interim
cohort of 5595 members had at least two weight entries.
Members with at least two weight entries were younger, with
amean (SD) age 35.3 (11.5) yearsvs. 37.2 (13.4) years, P<.001,
heavier, with a mean (SD) BMI 31.6 (7.7) vs. 30.8 (20.2),
P<.001, and morelikely to befemale (91.3% vs. 85.9%, P<.001)
than those with only one weight entry.

Each weight entry and log-in event was date-stamped. Because
the data did not include the dates for use of other website
features (eg, exercisediary), it was possible that amember used
a website feature after his or her last weight entry, thereby
complicating theinterpretation of associations between website
usage and weight change. However, it was possibleto determine
when amember stopped all website usage activity because each
website activity generated a date-stamped log-in. Therefore, the
final cohort of Nn=1258 was defined as those who had at least
two weight entries, with the last weight entry on the same day
as or after utilization of other website features. In other words,
this final cohort consists of members who used the website
features between their first and last weight entries. While the
study design does not allow definitive analysis of causation, the
final cohort at |east meetsthe temporality criteriafor causation.
This final cohort was analyzed to examine the relationships
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between website usage and weight change. The flow diagram  (Figure 1) depictshow thefinal cohort for analysiswas defined.

Figure 1. Flow diagram.

o . . 4. Exerciseentry days: the number of daysthe member made
Definition of Website Usage Variables at least one entry in the exercise diary, regardless whether
Usage of website features included the following variables: those entries were complete or incomplete.

5. Exercise minutes: the total number of minutes of exercise

1. Log-in days: the number of days the member logged into ) N )
the member recorded in the exercise diary during the study

the website at least once, regardless of whether s/he used ;
any other website features while logged in. ] period. _ _
2. Weight entry days: the number of daysthemember entered & SparkPoints: the number of points earned by the member
weight at least once. for .m|scelll aneouswebsite GC'[.IVItIeS, suchas reedl_ng alftl c_lea
3. Food entry days: the number of days the member made at taking quizzes and polls, using food and exercise diaries,

least one entry in the food diary, regardiess whether those posting MESSages on forums, and making blog entries.
entries were complete or incomplete. . Forum posts: the number of messages the member posted

on the discussion forums.
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8. Friends: the number of other members designated as
“SparkFriends’ by the member (a social network feature).

Analysis of Weight Entry Span and Weight Change

The weight entry span was defined as the number of days
between first and last weight entry. Weight change, defined as
the last recorded weight minus baseline weight, was stratified
by weight entry span.

General Analytic Approach to Website Usage and
Weight Change

Potential confounders of the relationship between website usage
and weight change included baseline BMI, age, gender, and
weight entry span. Registration source (referred by friend, search
engine ad, other) was examined as a potential confounder
because it is possible that members who are introduced to the
online program by apersonal friend may differ in website usage
and weight change than those who find the site only after an
Internet search. Likewise, geographic location (zip code in
midwest, northeast, south, or west region of the United States
or other country) was examined as a potential confounder
because of possible geographical variation in Internet use and
dietary and physical activity factors related to body weight.
These potential confounderswere examined for association with
weight change by using univariable regression analyses.
Variables with a significant association (P<.05) with weight
change were adjusted for in subsequent analyses.

Regression analysis was conducted with each website usage
variable as predictor and net weight change asthe outcome with
adjustment for the identified confounders (univariable analyses).
Multiple regression analysis with backward stepwise selection
was conducted to identify the best subset of predictive covariates
for net weight change. All covariates were included in the full
model before model selection. Variables were included in the
final model if P<.20.

Analysis of Binary Website Usage Variables and
Weight Change

Thedistribution of website usage was highly skewed, such that
many members did not use a given feature before their last
weight entry. Therefore, website usage variables were coded as
binary variables for the initial analysis (never using a website
feature vs. using it at least once). Binary coding of website
usage has been used in a prior study of an online weight loss
program [21]. Weight change was defined as the last recorded
weight minus baseline weight. Because al members in the
sample had two or more log-ins and weigh-ins, and most
members had at |east one SparkPoint, those variables were not
included in this analysis.

http://www.jmir.org/2013/1/e1l/
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Analysis of Categorical Website Usage Variables and
Weight Change

To further analyze associations between website usage and
weight change, one option would be to assume a linear
regression model, but the linearity assumption may be not be
valid. For example, the change in weight associated with an
increase from 3 to 4 forum posts may be different from the
weight change associated with an increase from 150 to 151
forum posts. We considered categorizing the website usage
variablesinto tertiles, but the data distributions were too skewed,
so that observationsin the top tertile may be equivalent to some
observations in the middle tertile.

Weekly use of online weight loss program features has been
associated with greater perceived social support [20] and weight
loss[3,4,6,7,14]. Therefore, we categorized | og-in days, weight
entry days, food entry days, exercise entry days, and forum
posts as greater than or less than 4 events per 30 days,
corresponding to approximately once per week. The median
value of SparkPointswas 20.8 per 30 days, so SparkPoints was
categorized as above or below 20 per 30 days. We initialy
categorized exercise minutes as above or below 600 minutes
per 30 days, corresponding approximately to 150 minutes per
week, but there were not enough members who met this
threshold to alow meaningful analysis. Therefore, we
categorized exercise minutes as above or below 120 minutes
per 30 days, corresponding to 4 exercise entries of 30 minutes
length per 30 days. Zero use was also included as a category
for al variables except log-in days and weight entry days
because, by definition, all membersin the analysis had at least
one log-in day and weight entry day.

Weight change was defined as (last recorded weight minus
baseline weight) divided by 30 day unit of weight entry span.
For example, if amember’slast weight was 100 kg and baseline
weight was 108 kg, and weight entry span was 60 days, then
the weight change was -8 / 2 = -4 kg per 30 days.

Matlab version R2008b (MathWorks, Natick, MA) was used
toidentify potential outlying values for baseline characteristics
and self-reported weights. The R statistical package (R
Development Core Team, Version 2.14.1) was used for
descriptive and regression analyses.

The study was approved by the Committee for the Protection
of Human Subjects at the University of Texas Health Science
Center at Houston.

Results

Demographic characteristics of thefinal cohort are summarized
in Table 1.

Most membersdid not use the website features frequently. Since
values were skewed, they are summarized with medians and
interquartile ranges in Table 2.
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Table 1. Demographic characteristics of final cohort (n=1258).
Characteristics mean (SD) or n (%)
Age, years, mean (SD) 33.6 (11.0)
Gender, female, n (%) 1141 (90.7)
BaselineBMI, mean (SD) 31.6(7.7)
Geographic location, n (%)
US - Midwest 291 (23.1)
US - Northeast 187 (14.9)
US- South 400 (31.8)
US- West 210 (16.7)
Other country 170 (13.5)
Table 2. Website usage characteristics of final cohort (n=1258).
Minimum 251 percentile Median 751 percentile  Maximum
Log-in days 2 3 7 23 654
Log-in span (number of days between first and last log-in 1 54 306.5 624.8 826
days)
Weight entry days 2 2 2 4 156
Weight entry span (number of days between firstand last 1 54 306 623.8 826
weight entry days)
Food entry days 0 0 2 9 270
Exercise entry days 0 0 1 4 258
Exercise minutes 0 0 40 256.5 39130
Friends 0 0 0 1 74
Forum posts 0 0 0 0 2758
SparkPoints 0 223 85 330 16480

Table 3. Total weight change stratified by weight entry span® among final cohort (n=1258).

Weight entry span n (%) Mean (SD) total weight change
Up to 30 days 261 (20.7%) -1.08kg (3.09)
31-60 days 69 (5.5%) -2.00kg (2.68)
61-90 days 39 (3.1%) -1.98kg (3.46)
91-183 days 131 (10.4%) -2.32kg (6.50)
184-365 days 210 (16.7%) -1.97kg (9.27)
366-548 days 178 (14.1%) -0.99kg (8.04)
549-829 days 370 (29.4%) -1.38kg (10.5)

a\Weight entry span is the number of days between first and last weight entry.

Table 3 showsthetotal weight change stratified by weight entry
span.

Baseline BMI was the only potential confounder significantly
associated with weight change. Each additional unit of BMI at
baseline was associated with an additional reported weight loss
of 0.28 kg (95% CI 0.22 to 0.33 kg, P<.001) during the weight
entry span. Age, gender, referral source, geographic location,
and weight entry span were not associated with weight change.

http://www.jmir.org/2013/1/e1l/
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Further analyses of predictors of weight change are adjusted
for baseline BMI.

Website Usage as Binary Variables

In the analysis with binary website usage variables, having at
least one forum post wasthe only website variable significantly
associated with greater weight loss. Members with at least one
forum post reported an additional weight loss of 1.55 kg (95%
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Cl 0.55 kg to 2.55 kg) relative to those with no forum posts (Table 4).
Table 4. Associations between website usage variables (binary) and weight change® in the final cohort (n=1258).
N (%) Coefficient 95% ClI P value

At least one food entry day 893 (71.0) -0.35kg -1.28 kg to 0.58 kg A7

At least one exercise entry day 677 (53.8) -0.67 kg -1.52 kg to 0.18 kg a2

At least one exercise minute 741 (58.9) -0.61 kg -1.47 kg to 0.25 kg .16

At least one forum post 291 (23.1) -1.55kg -2.55 kg to -0.55 kg .002

At least one Friend 547 (43.5) -0.80 kg -1.66 kg to 0.06 kg .07

@ \Website usage variables were coded as binary (at least once versus never). Analyses were adjusted for baseline BMI. Because all members in the
sample had two or more log-ins and weigh-ins, and most members had at least one SparkPoint, those variables were not included.

Website Usage as Categorical Variables

In the analyses with categorical website usage variables, weekly
log-ins, weight entries, and food entries (at least 4 in 30 days)
were associated with greater reported weight loss than less
frequent use (Table 5). More exercise entry days per 30 days
was also positively associated with weight loss. SparkPoints
was associated with relative weight gain compared to having

http://www.jmir.org/2013/1/e1l/
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zero SparkPoints (although only 74 of 1258 members had zero
SparkPoints). On multiple regression analysisincluding baseline
BMI and all website usage variables, weight entry dayswasthe
only variable significantly associated with weight change.
Memberswith at least 4 weight entry days per 30 days (weekly)
reported an additional 5.09 kg weight loss per 30 days (95% Cl
3.29 kg to 6.88 kg) relative to those with fewer weight entry
days.
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Table 5. Univariable analyses of associations between website usage variables (categorized) per 30 days and reported weight change per 30 days?in

the final cohort (n=1258).

S_ample Coefficient 95% ClI P value
size
L og-in days per 30 days
Oto<4 842 reference Overall: <.001
>4 416 -3.18 kg -4.69 kg to -1.67 kg <.001
Weight entry days per 30 days
Oto<4 1018 reference Overall: <.001
24 240 -5.09 kg -6.89 kg to -3.29 kg <.001
Food entry days per 30 days
0 365 reference Overall:.002
1to<4 684 1.04 kg -0.59 kg to 2.68 kg 21
24 209 -2.49kg -4.68 kg to -0.30 kg .03
Exerciseentry daysper 30 days
0 581 reference Overall: .021
1to<4 576 1.18 kg -0.30 kg to 2.67 kg 12
24 101 -2.46 kg -5.20 kg to 0.26 kg .08
Exercise minutes per 30 days
0 517 reference Overall: .054
1t0 <120 556 1.43kg -0.12 kg to 2.98 kg .07
2120 185 -0.8%g -3.06 kg to 1.28 kg 42
SparkPoints per 30 days
0 74 reference Overall: .003
1to <20 546 5.35kg 2.22 kg to 8.48 kg <.001
220 638 4.47 kg 1.37 kg to 7.58 kg .005
Forum posts per 30 days
0 967 reference Overall: .24
lto<4 233 0.99 kg -0.86 kg to 2.84 kg .30
24 58 -2.09kg -5.52 kg to 1.33 kg 23
Friends
0 711 reference Overall: .55
1 327 0.88kg -0.81 kg to 2.57 kg 31
22 220 0.90 kg -1.08 kg to 2.87 kg 37

@ Analyses were adjusted for baseline BMI.

Discussion

Key Findings

Average weight loss, based on self-report, was modest in this
free online weight loss program, but active users had better
outcomes. Making weekly weight entries (at |east 4 weight entry
days per 30 days) was associated with an additional 5 kg weight
loss. After controlling for weight entry days, the other website
usage variables were not associated with weight loss.

http://www.jmir.org/2013/1/e1l/
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Comparison With Prior Studies

To our knowledge, this is the first analysis of a naturalistic
cohort of members of a free online weight loss program
avallable to the general public. Prior studies evaluated
naturalistic cohorts of members who paid for monthly
subscriptions to commercia online weight loss programs in
Australia [12], the UK [13], and Sweden [14]. Because free
programs may have greater potential to reach peoplein need of
weight loss assistance [15,16], evaluating this free program is
an important advancement in our understanding of weight loss
resources. Another strength of this study wasthe use of multiple
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regression to identify variablesthat areindependently associated
with weight loss.

Our results are consistent with prior studies documenting a
positive relationship between engagement in online programs
and weight control. Most of these involved research volunteers
and strict eigibility criteria[3-11], while otherswere naturalistic
studies of commercial online programs [12-14]. Overall,
favorable weight outcomes were associated with higher
frequencies of log-ins [3-7,9,10,12,14], weight entries
[6,10,11,14], self-monitoring entries for diet and/or exercise
[6-8,10-13], and use of social support tools[6,8,12,13].

Although the current study discovered that several website usage
variables were associated with weight loss, the multiple
regression analysisindicates that weight entry daysisthe most
important. It is possible that weight self-monitoring leads to
frequent modification of diet and exercise behavior in response
to weights. An aternative explanation is that members made
weight entries only when they werelosing (rather than gaining)
weight. However, a post-hoc analysis found that 71% percent
of members posted at |east one weight reflecting ahigher weight
than a previous entry. In other words, they did not avoid
documenting weight regain. The evidence in favor of weight
self-monitoring improving weight control is strengthened by
the consistency of the association in studies of online
[6,10,11,14] and traditional [22-28] programs. When theanalysis
controlled for weight entry days, the other website usage
variables were not related to weight change. It may be that the
main benefit of these other website features is to maintain
interest in the online program and maximize the opportunity
for weight self-monitoring.

When website usage variables were coded as binary variables,
making at least one forum post was associated with greater
weight loss, athough this analysis did not adjust for weight
entry days. Because the content of the messages was not
available for this study, we could not determine the nature of
interactions on the forums. Furthermore, it was not possible to
assess how often members read messages on a forum without
posting (“lurking”’). However, prior studies found that
SparkPeople members receive high-quality advice [17] and
social support [18] on the forums and that use of forums is
associated with greater perceptions of socia support [19,20].
Forum use may facilitate weight loss in part by boosting
adherence to weight self-monitoring. Although the optimal
source, frequency, and venue for social support has not been
determined, thelink between social support and weight losshas

Hwang et al

been reported in several studies of online [6,8,12,13] and
traditional [29-34] weight loss programs.

Limitations

The study had several limitations. First, attrition was high, which
isacommon problem plaguing commercial online weight loss
programs[12-14]. The mgjority of membersintheinitial sample
made only one weight entry, so that the main analytic sample
represented asmall portion of al who registered for the program.
Compared to those with only one weight entry, members with
multiple weight entries were younger, heavier, and more likely
to be female—consistent with the profile of individuals who
typicaly enroll in weight loss programs. Even within the
analytic sample, 21% of members quit entering their weight
after 30 days. Sinceitisvery easy tojoin afree online program,
it is possible that many people joined without a strong sense of
commitment, thereby inflating the initial sample and the
subsequent attrition rate. Sending personalized follow-up
messages to i nactive members may improve adherence to weight
self-monitoring [7], athough this approach would be difficult
to implement without additional resources.

Another limitation of the study isthat the available records did
not include ethnicity, race, or clinical characteristics.
Furthermore, memberswere predominantly female, asistypical
of weight loss programs. Taken together, these limitations
indicate that results cannot be extrapolated to the general
population, regular Internet users, or those who initially who
register for this online program. The study is also limited by
reliance on self-reported wei ghts. However, weight reported by
members of another online weight loss program was highly
correlated with and similar to objective weights [35]. The lack
of date stamps on most website usage variables (except log-ins
and weight entries) limited the depth of analysis on theintensity
and patterns of website usage. Lastly, because this was an
observational study, the causal link between usage of website
features and weight loss cannot be definitively ascertained
without experimental studies.

Conclusions

The public health impact of an intervention is determined by
efficacy and dissemination [36]. Because this online program
isfree, scalable, and widely disseminated, the potential public
health impact is significant. The current study suggests that
increasing the use of weight self-monitoring among current and
future members may boost the impact of this program even
more.
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Abstract

Background: Misreporting food intake is common because most health screenings rely on self-reports. The more accurate
methods (eg, weighing food) are costly, time consuming, and impractical.

Objectives: We developed a new instrument for reporting food intake—an Internet-based interactive virtual food plate. The
objective of this study wasto validate thisinstrument’s ability to assess lunch intake.

Methods: Participants were asked to compose an ordinary lunch meal using both avirtual and areal lunch plate (with real food
on areal plate). The participants ate their real lunch meals on-site. Before and after pictures of the composed lunch meals were
taken. Both mealsincluded identical food items. Participants were randomized to start with either instrument. The 2 instruments
were compared using correlation and concordance measures (total energy intake, nutritional components, quantity of food, and
participant characteristics).

Results: A total of 55 men (median age: 45 years, median body mass index [BMI]: 25.8 kg/m?) participated. We found an
overall overestimation of reported median energy intake using the computer plate (3044 kJ, interquartile range [IQR] 1202 kJ)
compared with the real lunch plate (2734 kJ, IQR 1051 kJ, P<.001). Spearman rank correlations and concordance correlations
for energy intake and nutritional components ranged between 0.58 to 0.79 and 0.65 to 0.81, respectively.

Conclusion: Although it dlightly overestimated, our computer plate provides promising results in assessing lunch intake.

(J Med I nternet Res 2013;15(1):e13) doi:10.2196/jmir.2217

KEYWORDS
diet; epidemiology; Internet; methods; nutrition; validation; Web

as the duplicate-portion technique [4]. Weighing individuals

Introduction

Measuring food intake is a challenge. Most assessment tools
rely on an individua’s ability to accurately recall and report
foods consumed, usually according to a fixed format of an
instrument [1]. Examples of traditional methods to examine
food intake include food frequency questionnaires (FFQ),
24-hour recalls, and food recording and weighing [1-3], aswell

http://www.jmir.org/2013/1/e13/

RenderX

food plates with individually composed meals before and after
eating is the most precise method, but it can be a rather costly,
time-consuming, and impractical approach. Hence, self-reported
food intake is typically used in health screenings.

One of the challenges of self-reported food intake is the high
rate of misreporting [5,6]. Overweight or obese women and
individual s of low socioeconomic status|[ 7] tend to underreport
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food consumption. Food items that are sweet, fatty, and
considered unhealthy are more likely to be underreported. In
contrast, food with high protein content or vegetables and fruits
are frequently exaggerated [3,7-12]. Although some validation
studies present accurate measurements of food intake [1],
respondents’ may still struggle with reporting food intake
because of extensive questionnaires that are difficult to fill out

[8].

A recent study conducted by IlIner et al [13] reports a similar
degree of misreporting of food intake irrespective of method of
delivery. More specifically, the participants food intake
reporting wasidentical using paper-based frequency assessments
and technol ogy-based assessments (ie, Internet-based). Yet, the
benefits gained from using technology in food assessments may
speak for an increased interest and usage in nutritional research
[13,14] compared with conventional methods. The Internet
promotes time- and cost-effective research and facilitates
administration of research material, as well as collection and
storage of data[14]. In addition, it allows for interactivity that,
in turn, produces opportunities for the development of
pedagogical advancements [15].

Pictures of foods and meal compositions have been used to
facilitate reporting of food intake in prior nutritional research
[16,17]. For instance, Turconi et a [16] asked their study
participants to estimate food intake by looking at pictures of
prepared meals of different portion sizes (small, medium, and
large) put together in food atlases. The estimated meals were
then compared with the participants’ intake of actual meals, and
indicated promising results on the participants overall
comprehension of food intake. Elinder et al [18] also reported
valid results from alowing individuals with intellectua
disabilitiesto photograph meals before and after intake. Hence,
the use of pictures seems as an appropriate strategy in food
intake assessments.

To incorporate the advantages of technology and visuals in
nutritional research, we developed an Internet-based virtual
food plate to measure lunch intake using the computer. Our
computerized food plate allows for interactive composition of
a single lunch meal, in which the user can add or subtract

http://www.jmir.org/2013/1/e13/
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pictures of food items onto a virtual plate. To our knowledge,
this format of food intake assessments has not been described
previously. Consequently, the present study aimed to validate
our new instrument against the golden standard—the
participants’ real lunch meal composition using real food items
and utensils.

Methods

Participants

Between February and April 2010, 56 male employees (age
18-65 years) a the Swedish Transport Administration,
Stockholm, Sweden, were asked to participatein the study. The
predetermined food items of our instrument did not include
vegetarian protein sources, therefore, one potential study
participant who reported being a vegetarian was excluded from
participating. Hence, atotal of 55 employees participated in the
present study. Most of the participants were employed as
engineers (ie, work in an office).

Study Design

This validation study included two parts, using identical food
items. The participants were asked to compose a lunch meal
that represented their usual intake by means of (1) aninteractive
Internet-based food plate by adding suggested food items onto
a virtual plate on the computer (hereafter referred to as
“computer plate”), and (2) an ordinary lunch plate by adding
real food itemsonto areal plate during alunch setting (hereafter
referred to as “real lunch plate”).

The participants were recruited by the researchers in the
company’smain lobby during lunch hours (10 am - 1 pm). Upon
recruitment, 28 participants were asked to start with the
computer plate and 28 participants were asked to start with the
real lunch plate. They wereinstructed to compl ete the remaining
part (the computer plate or the real lunch plate) after 3 to 4
weeks. See Figure 1 for a flowchart of the study design. All
participants signed an informed consent form prior to study
start. The study was approved by the Karolinska Institutet’s
Ethical Committee in Stockholm, Sweden.
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Figure 1. Flowchart of the validation process.
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The Computer Plate

We developed a computer plate, an interactive instrument
designed as a virtual food plate, available on a website. The
virtual plate was placed in the center of the Web page, with a
list of food items to the left. By clicking on the “+” and “~"
buttons with the computer mouse, computer-generated pictures
of food itemswere added to or subtracted from thevirtual plate.
It was possible to increase the quantity (or vice versa) of afood
item by clicking several times. The participantshad 7 food items
to choose from when composing their meal on the computer,

http://www.jmir.org/2013/1/e13/

RenderX

including boiled potatoes, meat (pork chops), gravy, green pess,
slices of cucumber, dices of bread, and butter. Five different
beverages were offered, including light beer (<3.5% alcohal),
strong beer (= 3.5% alcohal), juice, milk (1.5% fat), and water.
The food items were chosen because they are commonly
represented in a Swedish lunch meal. See Figure 2 for an
illustration of acomposed lunch meal using the computer plate.
(All beverages are not visible in Figure 2, but they appeared in
the upper right corner of the website upon completion of the
lunch meal assessment).
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Figure 2. Example of the computer plate and listed food items.
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Submit

Study Part 1: The Computer Plate

The participants arrived at the main lobby and were instructed
on how to compl ete the computer plate on alaptop provided by
the researchers. The participants were informed that they could
only build one plate representing a usual lunch meal, meaning
that if they usually refilled their lunch plates with food, this
refill had to be considered when composing the virtual meal.
When the meal was composed, we saved the screen picture of
the lunch meal in a Word document.

Next, the participants completed a questionnaire on
sociodemographics, body mass index (BMI), physical activity
level (PAL) [19], smoking habits, food allergies, and intake of
breakfast or snacks prior to composing their computerized lunch
meal.

Study Part 2: The Real Lunch Plate

The participants arrived to their workplace lunch area at
lunchtime. Again, the participantswereinformed that they could
only build one plate of a usua lunch meal (if they typically
refilled their lunch plates, this amount of food had to be
considered when composing the rea lunch meal). The
participants ate their lunch meal in the lunch area. Photos of the
composed meals were taken prior and subsequent to eating.

After the participants composed their lunches, they were asked
to fill out a questionnaire (described previously). In addition,

http://www.jmir.org/2013/1/e13/

RenderX

they were asked to rate their level of fullnesson ascale of 1to
10 [20] to examine whether their reported lunch intake
represented an appropriate meal intake.

The meals were not weighed because the purpose of our study
was to examine whether the participants were able to visualize
an ordinary lunch mea by using the pictures of food items
provided in our computer plate instrument. We focused on the
quantity of food itemsand overall nutritional content rather than
the weight of food.

Statistical Analyses

We excluded 4 participants because of incomplete data.
Descriptive statistics, such as median and interquartile range
(IQR), were computed to summarize the participants
characteristics (eg, age, BMI, PAL, and mea satisfaction).
Further, we computed summary statistics of the participants
composed meal swith respect to total energy intakein kilojoules
(kJ), as well as quantity of food items and nutritional
components, including total energy intake (EI) and energy
percentage (E%) of carbohydrates, proteins, and fats of the 2
meals. The before and after pictures of the composed meals
were used to calculate the participants’ quantities of food items
included in the lunch meal.

We focused our analyses on total El from food items on the
plate excluding energy from beverages and bread/butter. The
reason for thisfocuswas because of thelarge energy differences
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among the various beverages to choose from (ie, the low/zero
energy from water versusthe high energy from beer). Wilcoxon
signed rank tests and Wilcoxon rank sum tests [21] were used
to test the difference between medians of the computer plate
and real lunch plate measurements, and to assess if such
differences were dependent on variables and/or on specific
participant characteristics.

Participants were categorized into two groups based on the order
of completing the 2 meal assessments: (1) computer plate-real
lunch plate or (2) real lunch plate-computer plate. The
participants were also categorized according to their BMI as
normal weight (< 25 kg/m?) or overweight (= 25 kg/m?). Age
was categorized as < 45 years or = 45 years to study any
differences in these characteristics with respect to meal
composition. The cutoff age of 45 years was chosen because
the median age was 45 years.

We used the Spearman rank correlation (p) to study the linear
association among the reported El, nutritional components, and
food items using the computer plate and real lunch plate. The
Spearman rank correlation is a nonparametric test that ranks 2
sets of outcomes distinctly and calculates a coefficient of rank
correlation [22]. To further study the associations, we used the
concordance correl ation coefficient (p,), anintraclass correlation

Table 1. Descriptive statistics of the study participants (N=51).

Svensson et al

that duplicates readings as replicates (random) rather than two
distinct readings. It “evaluates the agreement between the two
readings by measuring the variation from a45° line through the
origin (degree of concordance)” [23]. In addition, Bland-Altman
plots were used to assess the differences between means of El
(kJ) estimated from the computer plate and thereal lunch plate,
plotted against the mean energy intake from the 2 methods[24].
To interpret the agreement, we considered participants with
reported El within the interval of +10% from the mean (3014
kJ) of the real lunch plate as acceptable values of our new
instrument.

Correlations and 95% confidenceintervals (Cl) were computed
for al participants and stratified by groups (defined previoudly).
All statistics were computed using the real lunch plate as the
golden standard (reference). A significance level of .05 was
used. Stataversion 12 (Statacorp LB, College Station, TX, USA)
was used for all statistical calculations and analyses.

Results

A total of 51 employees participated in the study. The
participants had a median age of 45 years (IQR 21 years), a
median BMI of 25.8 kg/m? (IQR 4.18 kg/m?), and a median
physical activity level of 1.65 PAL (IQR 0.1 PAL) (Table 1).

Description Participants
Sex (males), n (%) 51 (100)
Age (years), median (IQR) 45 (21)
Body mass index (kg/m?), median (IQR) 25.8(4.19)
Physica activity level, median (IQR) 1.65(0.1)
Smoker, n (%) 2(3.7)

Had breakfast before study participation, n (%) 48 (87)

The participants’ reported total El was somewhat higher on the
computer plate compared to the real lunch meal. Overall, the
median reported Elsfor the computer plate and real lunch plate
were 3044 kJ (IQR 1202 kJ) and 2734 kJ (IQR 1051 kJ, P<.001),
respectively (Table 2). Although not significantly different, we
noted that the participantswith aBM1 = 25 kg/m? (Table 3) and
those aged = 45 years (data not shown) reported lower

http://www.jmir.org/2013/1/e13/

overestimations of El (+147 kJand +193 kJ, respectively) using
the computer plate, compared to their counterparts (BMI < 25
kg/m? +595 kJ, P=.90; age < 45 years: +649 kJ, P=.33). Also,
the EI measured from the computer plate was 172 kJ higher for
participants starting with thereal lunch plate compared to those
starting with the computer plate (+729 kJ), athough not
statistically significant (P=.75).
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Table 2. Study participants composed meals using the two meal instruments (N=51).
Composed meal Median (IQR)
Computer plate Lunch plate
Reported intake &
Total energy, kJ 3044 (1202) 2734 (1051)
Total energy including drinks, kJ 3341 (1348) 2989 (1277)
Total food, g 855 (189) 779 (248)
Total carbohydrates, E% 128 (57) 134 (67)
Total carbohydrates, g 59 (24) 55 (18)
Total proteins, E% 121 (29) 121 (29)
Total proteins, g 43(32) 41 (31)
Total fat, E% 167 (29) 163 (38)
Total fat, g 30 (19) 26 (17)
Food items (humber of)
Total potatoes 3D 2(1)
Total meat, pork chops 1(1) 1(1)
Total green pess, tbsp 2(2) 30
Total gravy, tbsp 21 1.3(1)
Bread, slices 1(1) 1(0)
Cucumber, dlices of 5 1(1) 0.83(0.5)
1f not noted, reported intake is excluding intake from beverages; E%: energy percentage (in kilojoules).
Table 3. Study participants’ composed meals using the two meal instruments, by body mass index (BMI) (N=51).
Composed meal BMI < 25, median (IQR) BMI = 25, median (IQR)
Computer plate Lunch plate Computer plate Lunch plate
Reported intake &
Total energy, kJ 3320 (1361) 2726 (1101) 2881 (1080) 2734 (1017)
Total energy including drinks, kJ 3513 (1160) 3061 (1436) 3006 (1022) 2989 (1273)
Total meal, g 880 (175) 842 (235) 834 (172) 758 (243)
Total carbohydrates, E% 134 (59) 142 (42) 130 (46) 121 (67)
Total carbohydrates, g 61 (21) 58 (15) 57 (31) 47 (22)
Total proteins, E% 121 (33) 117 (21) 121 (25) 126 (29)
Total proteins, g 58 (33) 41 (32) 42 (32) 41 (32)
Total fat, E% 167 (33) 151 (29) 167 (25) 167 (38)
Totdl fat, g 35(26) 26 (22) 30 (19) 26 (16)
Food items (number of)
Total potatoes 3D 31 3 2(15)
Total meat, pork chops 15(1) 1(1) 1(1) 1(1)
Total green pess, tbsp 2(2) 3(1.5) 3(2 3D
Total gravy, thsp 15(1) 16(1) 2(2) 1.3(1.3)
Bread, slices 1(1) 1(0) 1(1) 1(2)
Cucumber, slices of 5 1(2 0.8(0.7) 2(2) 0.7 (0.7)

a1f not noted, reported intake is excluding intake from beverages; E%: energy percentage (in kilojoules).

http://www.jmir.org/2013/1/e13/

RenderX

JMed Internet Res 2013 | val. 15 | iss. 1 |13 | p.35
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

The quantities of the participants chosen food items were
similar between the 2 instruments. Only green pesas differed,
with an underestimation of 1 tablespoon when using the
computer plate compared to thereal lunch plate (Table 2). Using
the Bland-Altman statistics, we found atendency of agreement
in mean El within the £10% kJinterval. More than 60% of the
normal weight participants’ EIswererepresentedin thisinterval.
Among the overweight participants, a stronger pattern of
agreement was found, with 78% of the participants mean Els
represented in thisinterval (Figures 3 and 4).

Overall, our Spearman rank correlations and concordance
correlations between the instruments were both equal to 0.70

Svensson et al

for total Els (dlightly higher when including drinks in the
calculations), p=0.59 and p.=0.76 for carbohydrates, p=0.70
and p.=0.81for proteins, and p=0.58 and p.=0.66 for fat (Table
4). All correlations were significant. Further, correlations for
specific food items between the 2 instruments ranged from 0.46
to 0.71 for Spearman rank correlations and 0.47 to 0.72 for
concordance correl ations, with the lowest correlationsfor gravy
and dlices of cucumber (Table 4).

Overdll, we noted somewhat higher correlations of reported

number of food items for those with a BMI = 25 kg/m? (Table
5).

Table 4. Spearman rank correlations (p) and concordance correlation coefficients (p¢) between the participants composed mesls using the two meal

instruments (N=51).

Composed meal p2 P

Reported intake b
Total energy, kJ 0.70 0.70
Total energy including drinks, kJ 0.79 0.72
Total meal, g 0.72 0.68
Total carbohydrates, kJ 0.59 0.76
Total carbohydrates, g 0.69 0.75
Total proteins, kJ 0.70 0.81
Total proteins, g 0.71 0.71
Total fat, kJ 0.58 0.66
Total fat, g 0.63 0.65

Food items (number of)
Potatoes 0.65 0.72
Meat, pork chops 0.69 0.70
Green peas, tbsp 0.65 0.47
Gravy, tbsp 0.48 0.50
Bread, dlices 0.71 0.67
Cucumber, slices of 5 0.46 0.47

aAll are statistically significant (P<.05).
b1f not noted, reported intake is excluding intake from beverages.
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Table 5. Spearman rank correlations (p) and concordance correlation coefficients (pc) between participants composed meals using the two meal

instruments by body massindex (BMI).

Composed meal BMI < 25 (n=18) BMI = 25 (n=33)
p? P’ p? P’
Reported intake b
Total energy, kJ 0.76 0.63 0.67 0.73
Total energy including drinks, kJ 0.76 0.64 0.82 0.74
Total meal, g 0.68 0.70 0.70 0.66
Total carbohydrates, kJ 0.34 0.44 0.70 0.85
Total carbohydrates, g 0.49 0.60 0.77 0.78
Total proteins, kJ 0.60 0.59 0.75 0.86
Total proteins, g 0.76 0.59 0.69 0.76
Total fat, kJ 0.42 0.30 0.66 0.79
Total fat, g 0.57 0.52 0.68 0.71
Food items (number of)
Potatoes 0.38 0.31 0.75 0.79
Meat, pork chops 0.59 0.55 0.74 0.77
Green peas, thsp 0.70 0.41 0.65 0.53
Gravy, thsp 0.49 0.53 0.57 0.50
Bread, dlices 0.62 0.59 0.76 0.71
Cucumber, slices 0.23 0.41 0.57 0.53

aAll are statistically significant (P<.05).
b1f not noted, reported intake is excluding intake from beverages.

Higher Spearman rank correlations and concordance correlation
coefficients for food items were found for those who started
with thereal lunch plate (0.80 and 0.61), in comparison to those
who started with the computer plate, respectively. Regarding
the Spearman rank correlations and concordance correlation
coefficientsin relation to age, we found higher coefficients for

http://www.jmir.org/2013/1/e13/

RenderX

potatoes and meat for those participants who were > 45 years,
but higher coefficientsfor peas and gravy for those participants
< 45 years (data not shown). Based on the questionnaire about
meal satisfaction, the participants reported, on average, alevel
of 7 (mode 8) on the grading scale (0 = low; 10 = maximum)
for fullness after meal intake.
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Figure 3. Bland-Altman plot of differences between total energy intake (El, kJ) of the computer plate and the real lunch plate against the mean of El

(kJ) for each participant with aBMI < 25 kg/m2 (n=18).
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Figure 4. Bland-Altman plot of the differences between total energy intake (El, kJ) of the computer plate and the real lunch plate against the mean of

El (kJ) for each participant with aBMI =225 kg/m2 (n=33).
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Discussion

The results of this study support the validity of our novel
interactive Internet-based food plate to measure lunch intake.
The correl ations between the participants' reported meal intake
using the computer plate and the real lunch plate were high.
Spearman rank correlations and concordance correlations,
representing total reported Els (excluding beverages and
condiments), nutritional components, and food items ranged
from 0.46 to 0.72 and 0.47 to 0.81, respectively. The strongest
correlationswere observed for protein, replicating findingsfrom
earlier studies[25].

A meta-analysis of FFQs reported Pearson coefficients ranging
from 0.46 to 0.58 for El. The authors concluded that FFQs
including questions about more food items produced better
estimates than FFQs with fewer items [26]. Conversely, we
found strong correlations by using only afew itemsin asingle
meal. Similar correlations for specific nutrients were found in
astudy using cell phone camerasto document food intake [27].
However, because our instrument provides a new way of
measuring food intake, the results from our study are
incomparable with most previous studies.

Williamson et a [17] found higher correlations of portion sizes
from direct visual estimation of ameal rather than from digital
photographs. We report an overestimation using our new method

http://www.jmir.org/2013/1/e13/

on the computer where picturesof food items serveasanintegral
part of the meal composing process. Although reporting slightly
different results, it should be noted that the participants in the
study by Williamson et a estimated portion sizes based on fully
prepared meals; we allowed the participantsto compose a meal
using suggested food items. A greater accuracy of food intake
reporting has been found using more pictures of food itemsthan
fewer items when composing meals [28]. The use of severa
pictures of separate food items in our participants meal
composition is thus supported by previous research.

An important point of discussion is the overestimation, rather
than underestimation, of food intake noted in our study. All
participants overestimated their El using the computer plate
compared to thereal lunch plate. Although not significant, even
the overweight participants seemed to report higher Els,
contradicting previous experiences [29,30]. Overweight
individuals have been found to underreport food intake, with a
greater degree of underreporting with increasing BMI [31]. Yet,
our resultsindicate higher correlations of meal intakes from our
instrument for those who were overweight as opposed to our
normal weight participants.

Thefact that our study included only men, mostly middle-aged,
and officeworkersare mgjor limitationsin this study preventing
us from expanding our findingsto participants who are women,
not used to working with the computer, or those characterizing
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age groups other than in our study sample. Another noteworthy
factor of this study is that our study sample seemed healthier
(ie, much lower number of smokers) than the general population
in Sweden [32], which is a common phenomenon among
participants in health research [33]. A healthier lifestyle may
have influenced the participants' ability to report lunch intake,
and thus the overall validity and applicability of our study.

Also, we only assessed a lunch meal, including only a sample
of food items available in an ordinary complete food intake.
Preferably, our computer plate should measuretotal food intake
representing variousfood items, meal options, and combinations.
Future research is strongly recommended to explore the ability
of our instrument to assess food intake in its entirety.

Even with the limitations of the current study, there are severa
strengths of the study design that should be highlighted. First,
we validated our new measurement tool by using food items
commonly consumed by the Swedish population, facilitating
the participants’ relatedness in the reporting process of a usual
meal intake. Also, the participantswere asked to rate their level
of fullness after meal intake, allowing us to verify that their
registered meal accounted for an actual intake. Moreover, we
conducted the study in the company’s dining hall and used the
facility’sown dishware and cutlery. In thisway, the participants
were familiar with the tools (eg, size of food plate, glasses),
colleagues, and study climate, thus minimizing potential
reporting bias and perhaps some bias from being observed by
the researchers.

Although the participants performed the 2 meal assessments
with a3-week timeinterval to avoid recall bias[34], we noticed
higher correlations of reported El for the group who started with
the real food plate. Therefore, we cannot rule out the presence
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of recall biasin the present study. Whether thisresult originates
from an enhanced memory of recaling previously reported
intake attributable to physically composing a lunch meal
(compared to the abstract format of the virtual food plate) is
difficult to state. The difference between the two assessments
was that the participants ate the real lunch meal. The
participants’ experience from eating a meal in the lunch area
may, therefore, evoke emotions and experiences contributing
to an increased memory of the real lunch meal explaining the
higher correlations among this group.

Overall, theresultsfrom this study demonstrate promising value
in food intake assessments. The concept of our computer plate
could be extended to examine estimation of daily food intakes.
In addition, it may serve as a pedagogical instrument to teach
healthier food habits. In fact, by taking advantage of today’s
advancements in technology, our computer plate could also be
integrated into smartphone technology [15]. Allowing
individualsto report food intake viatheir smartphonesisaway
to promote time-effective and more accurate food reporting.
Future research should focus on the devel opment of our concept,
a virtua computerized food plate, to obtain a complete food
intake measurement.

Conclusion

To incorporate the potential of visua and technological
advancements in food intake assessments, we developed an
Internet-based interactive virtual food plate to measure lunch
intake. The validity of our new instrument was high, thereby
producing promising applicability in health research. The
concept of our computerized food plate could be further
developed to assess a complete food intake.
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Abstract

Background: Depression is common and treatable with cognitive behavior therapy (CBT), for example. However, access to
this therapy is limited. Internet-based interventions have been found to be effective in reducing symptoms of depression. The
International Society for Research on Internet Interventions has highlighted the importance of tranglating effective Internet
programs into multiple languages to enable worldwide dissemination.

Objective: Theaim of the current study was to determine if it would be cost effective to translate an existing English-language
Internet-based intervention for use in a non-English-speaking country.

Methods: This paper reports an evaluation of atrial in which a research group in Norway translated two English-language
Internet-based interventions into Norwegian (MoodGYM and BluePages) that had previously been shown to reduce symptoms
of depression. The translation process and estimates of the cost-effectiveness of such atrand ation processis described. Estimated
health effect was found by using quality-adjusted life years (QALY).

Results: Conservative estimates indicate that for every 1000 persons treated, 16 QALY s are gained. The investment is returned
9 times and the cost-effectiveness ratio (CER) is 3432. The costs of the translation project totaled to approximately 27% of the
estimated original English-language version development costs.

Conclusions: The economic analysis shows that the cost-effectiveness of the trandlation project was substantial. Hopefully,
these results will encourage others to do similar analyses and report cost-effectiveness datain their research reports.

(J Med Internet Res 2013;15(1):€18) doi:10.2196/jmir.2422
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important global public health issue because of its prevalence
[2], that it isassociated with ahigh level of disability and disease

Computer-aided psychotherapy is a promising way to increase  Purden[3], anditssocial costs[4]. Depressionisalso associated
accessibility to evidence-based treatment of many mental with increased risk of physical disorders and early death [5,6].
disorders, such as mood disorders [1]. Depression is an
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In a systematic review of computer-aided psychotherapy
programs, Marks et a [7] found 97 computer-aided
psychotherapy programs described in 175 studies, of which 103
were randomized controlled trials (RCT). These studies
discussed screening, effectiveness, efficacy, cost-effectiveness,
and the dissemination of computer-aided psychotherapy
programs within health services. Cohen’s d effect sizes for the
identified computer-aided psychotherapy systems ranged from
0.2 (small) to 4.3 (extremely large) [7]. For depression, Marks
and colleagues [7] identified 9 programs, of which 3 were
Internet-based programs evaluated in RCTs (Overcoming
Depression on the Internet [8], MoodGYM [9], and netCBT
[2Q]). In their early reviews of Internet-based RCTs of mental
disorders, Griffiths and Christensen [11] and Griffiths et al
[12,13] identified another program [14]. Since these reviews,
at least 16 new Internet-based intervention programs for
depression have been deployed. Several of these have been
subjected to research evaluation or are in the test phase: Alles
onder controle[15], Color your life[16], Deprexis[17], E-couch
[18], HealthStepsfor Depression[19], Interapy Depression [20],
Living Life to The Full On-line [21], MoodCamer [22],
MoodHel per.org [23], MoodMemos [24], myCompass [25],
Project Catch-it [26], This Way Up-Depression Course [27],
This Way Up-Mixed Depression and Anxiety Course [28],
Xanthis[29], and Youth Mental Health [30]. In addition, more
than 20 other programs are still being tested and, thus, no
published research evidence of the efficacy of the programsare
available.

A recent quantitative meta-analysison I nternet and computerized
interventions for adult depression found an overall effect size
of d=0.41 for computer-aided psychotherapy compared to
control [31]. A recent meta-analysis by Andrewsand colleagues
[32] found an overal effect size for depression of Hedges
0=0.78. Most of the research on Internet-based interventions
for depression has focused on treatment rather than prevention,
and most studies have employed guided rather than pure
self-help strategies. One reason for this focus could be that
treatment has moreimmediate benefits than prevention in which
the benefits take longer to emerge [33].

In their meta-analysis, Andersson and Cuijpers [31] reported
an average effect size of d=0.25 for unguided Internet and
computerized interventions. It has been suggested that such
interventions have higher attrition rates than those involving
therapist support [31,34-36]. To date, we are not aware of any
published studies that directly compare attrition in
therapist-guided compared to unguided interventions. However,
even if attrition is higher in unguided Internet interventions,
they have the potential to provide significant public health
benefits due to the degree of dissemination [33].

Internet-based self-help has the potential to reach target groups
with an unmet need for help. In arecent study, we found that
two-thirds of the participants completing a trial of an
Internet-unguided cognitive behavioral therapy (CBT) program
initially reported an unmet need for help with a psychological
problem [37]. Briefly, the Internet intervention was associated
with a significant reduction in depressive symptoms compared
to the control condition, and thusindicated that theintervention
facilitated an effective self-help effort among a group of people
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who normally would not seek professional help. Theimportance
of reaching and engaging this group is obvious given the
evidencethat low levels of help-seeking intentions among those
with mental health problemsare associated with suicidal ideation
[38].

There is now sufficient evidence to suggest that Internet
interventions can be effective in the prevention and treatment
of depression [39,18,40,41]. The International Society for
Research on Internet Interventions (ISRII) has highlighted the
importance of facilitating the dissemination of Internet
applications by providing trandlation into multiple languages
[42]. The World Health Organization (WHO) has al so suggested
that after establishing their efficacy, Internet-based prevention
interventions should be disseminated worldwide [33]. One
program that has been subjected to anumber of trialsand found
to be effective over 12 monthsis the English-language I nternet
program for depression, MoodGY M [43]. Thereisalso evidence
of the efficacy of the English-language website BluePages[44],
which provides information on the symptoms of and treatment
for depression based on scientific evidence, help resources, and
depression and anxiety screening tests. Both programs are
available aspart of apublicly available, free of charge, e-mental
health service delivered by The Australian National University
(ANU) and funded by the Australian Government [45]. This
paper describes the trandation of MoodGYM and BluePages
into the Norwegian language by a research group at the
University of Tromsgin Norway. Reviewsin thefield of Internet
interventionsfor mental disorders show that studies arelacking
cost-effectiveness data [11,46].

The aim of this study is to evaluate the translation process of
an | nternet-based self-hel p intervention up to dissemination and
to study cost and cost-effectiveness of the project. It will also
consider the feasibility of providing access to Internet-based
interventions in the national language versions. Further, we
discuss some of the challenges experienced during this project
and give recommendations for future developments. Finally,
we attempt to demonstrate the use of disease-specific scalesto
estimate quality of life.

Method

Prior Work

I ntention to Use I nternet-Based Self-help

Before tranglating the Internet-based interventions, astudy was
undertaken to investigate the need for a Web-based self-help
intervention [47]. Nearly 31.9% (115/367) of the respondents
reported they felt a need for help, but had not sought help;
therefore, they had an unmet need for help. Among these
respondents, 91.2% (105/115) reported apositive attitude toward
using aservice like MoodGY M.

The Norwegian Version of MoodGYM and BluePages

In February 2006, Norwegian language versions of BluePages
and MoodGYM were made available. The planning of this
project started in July 2004 and the project was completed in
June 2006. The trangdlation of BluePages was formalized in a
licensing deed, specifying ANU as the intellectua property
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owner and the obligations for the collaborating partners. For
MoodGY M, the research collaboration agreement specified a
nonexclusive, nontransferablelicensefor the translated version
during the period of collaboration and joint ownership of the
data emerging from the collaboration. The translation of
MoodGYM and BluePages was carried out between October
2005 and January 2006. The Norwegian version of the
BluePages website was devel oped by using a 2-phase process.
First, a professional translator prepared a Norwegian version
of BluePages. In the second phase, the trandlation was adjusted
by the research group at the University of Tromsa in Norway
to ensure that it was culturally and clinically appropriate for
Norwegian users. The MoodGYM training program was
translated in 4 phases. The research group conducted the first
phase of trandation. In phase 2, clinical professionals with
formal competence in cognitive therapy scrutinized the
tranglation from the first phase and made adjustments to the
text when necessary. In phase 3, an expert translator of English
compared the Norwegian version of the program with the
original Australian version and checked for inconsistencies. In
the fourth phase, the research group evaluated all changes and
finalized the translation.

Validating the Norwegian Version

The Norwegian versions of MoodGYM and BluePages were
evaluated in a RCT that compared the effect on depressive
symptoms of an unguided Internet-based intervention. The
Internet condition consisted of adepression information website
and a self-help Web application that delivered automated CBT.
The participantsinthewaiting list condition were freeto access
formal or informal help asusual. Thistrial was organized asan
unguided quasi-indicated prevention intervention. A total of
163 students (mean age 28.2 years) with elevated psychol ogical
distress were enrolled into the trial. The intent-to-treat effect
size for depressive symptoms was d=0.63 and d=0.72 for
completers[37]. A tota of 61.9% (101/163) of the participants
remainedinthetrial at postintervention, including 53% (43/81)
of the Internet intervention participants. With respect to
adherence, 33% (27/81) of the Internet intervention participants
completed on average 63% (3.1/5 modules) of the MoodGY M
program without any support or reminders. Among the
completers, 63% (27/43) in the experimental condition and 56%
(33/59) in the control condition initially reported an unmet need
for help. Thelogsfrom MoodGY M showed that the 25% of the
81 participantsin the experimental condition who did not return
the postintervention questionnaire, on average had used almost
half of the modulesin MoodGYM (2.4/5 modules, 48%). The
trial demonstrated a real-world usage of an unguided
Internet-based intervention.

Cost Estimates

Thetotal cost estimate for the Norwegian version of MoodGY M
and BluePages was estimated from the cost of the trandation
process and the project costsfor the Norwegian evaluation trial.

The trand ation process was accomplished by using 2 members
from the Norwegian research group, 3 students in their final
year of clinical psychology training, and external resources
(trandators, psychiatrists, mailing/printing services). Trandation
costs for employees and students were cal culated based on the
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estimated time consumed and their salaries. The cost for external
resources was based on payments for their services.

The trial costs were incurred over 8 weeks from initial
participant contact until the completion of the validation trial.
This estimate for total costs was based on all expenditures of
thevalidation trial for BluePages and MoodGY M and included
thedirect costs of mailing and printing during thetrial, and also
saary for employees and students. Working hours for
developing funding applications were not included in the
estimates. Because the aim of this study was to evaluate the
trandlation process up to dissemination, the trial costs are
included even though these costs could be regarded asresearch
costs.

Theinitial cost datawerein Norwegian kroner (NOK) and dated
back to late 2005 and early 2006. For the purpose of this paper,
the cost has been adjusted for inflation based on the Norwegian
consumer priceindex into a 2009 price level [48] at an average
annual inflation rate of 2.3%. The development cost from ANU
dated back to 2001. We have adjusted the cost for inflation
based on the Australian consumer priceindex into a2009 price
level [49], at an average annua inflation rate of 2.9%. The
foreign currencies were then converted into Euro (€) based on
real exchange rates from January 1, 2010. These rates form the
basis of our calculations, rounded up to the nearest €100. The
rationale for using the Australian development cost was in the
interest of estimating the development cost if the project had
been developed from scratch in Norway, and the Australian
development cost provided an estimate of this figure. The cost
analyses were based on an operating period of 3 years. After
such a timeframe, the Internet-based programs need to be
maintained, changes made in design, the technology needs to
be updated, and so on. Although most of the investment in the
intervention can be maintained, there will be some new costs
at this point in time.

M easures

Center for Epidemiologic Studies Depression Scale

The Center for Epidemiologic Studies Depression Scale
(CES-D) [50] was used as the outcome measure for depressive
symptoms. Each item of the CES-D is scored on a 4-point
ordinal scale ranging from 0 to 60, with a total score of 16 or
higher considered to be depression. Because this criterion has
some limitations [51], it will not be used in this paper. For the
completers analyses, we used a stratified scale adapted from
Rushton and colleagues[52]: subclinical (0-15), mild/moderate
(16-23), and moderate/severe (=24) depression. The internal
consistency of the CES-D scale was alpha=.87.

Kessler Psychological Distress Scale

The Kessler Psychological Distress Scale (K10) [53] isascale
of psychological distress developed for use in epidemiological
surveys. Scores on the K10 scale range from 10 to 50, with
higher scoresindicating greater distress. People who score under
20 arelikely to be well, whereas those scoring between 20 and
24 have amild mental disorder, those between 25 and 29 have
amoderate mental disorder, and those scoring 30 and over have
a severe mental disorder. The internal consistency of the K10
scale was alpha=.79.
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Quality of Life

There has been a growing interest for applying measures for
health-related quality of life (QOL) to evaluate hedlth care
services, in general. However, in the field of Internet- and
computer-based self-help for mental disorders, reviewsfind that
studies lack cost-effectiveness data [11,46]. This is a
disadvantage for the field because proper evaluations among
interventions and services are not possible. There are several
measures available for this purpose: those specific to groups of
diseases, and generic measures applied across disease categories
[54]. Some produce a single measure as a health index and
others assess a profile of scores in different areas of disease.
For independent interventions in which it is essential to use
average cost-effectiveness ratios and for mutually exclusive
interventions, the use of incremental cost-effectiveness ratios
is essential [55]. Interventions in which the costs and effects
are not affected by the introduction of other interventions are
independent interventions. The cost-effectiveness ratio measures
how efficiently the intervention can produce an additional
quality-adjusted life year (QALY). In this way, the
cost-effectiveness of alternative innovations may be compared.
The cost-effectiveness ratio (CER) is calculated as the costs of
intervention divided by the health gain (eg, life-years gained).
Theintervention with the lowest CER is preferred [55].

The Rosser Classification of |1Iness States Scale

The Rosser classification of illness states scale (Rosser Index)
[56] offers aratio scale based on QOL for estimating a utility

Lintvedt et al

value that captures the degree of improvement in health (AH).
The AH is used to calculate the gain in QALY. As one of the
earliest utility instruments, the Rosser Index was devel oped for
usein clinical settings [57]. This is a generic measure with a
singleindex measure for health status. The valuefor each health
state is the sum of all products when multiplying each cell in
the Rosser health state matrix with corresponding cells in the
Rosser valuation matrix (Figure 1).

In the present study, the Rosser Index was used as a generic
instrument to evaluate the observed effects for the Internet
intervention. The method is based on classifying outcome data
from the trial into 2 components: disability categories (I-V111)
and distress categories (A-D) that define 29 potential health
states [56]. The Rosser health state matrix is based on these
disability and distress categories.

The origina valuation matrix was based on 70 respondents
(doctors, nurses, patients, etc) and was not arandom sample of
the population. The matrix has been transformed and validated
in several publications [58]. The Rosser valuation matrix in its
present form is based on the method of magnitude estimation
[59] in studies from England [56], but they correspond well
with Norwegian data [60]. The process of deciding the
appropriate categories for the Rosser health state matrix is
according to the method described by Gudex and Kind [61].

Figure 1. Model for the Rosser Index measuring quality of life (QOL). The health state matrix is based on the Center for Epidemiologic Studies
Depression scale (CES-D) scoresin relation to the Rosser Disability Category and the Kessler Psychological Distress Scale (K10) scoresin relation to

the Rosser Distress Category.

Health state
matrix

v

Valuation
matrix

Quality of Life
I.Ixx-\.'\-._ {QDL] ....x - .;.:

Bt
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Rosser Health State Matrix: Disability Categories

The CES-D was used as the basis for deciding the appropriate
disability categories. No other studies were found that used
CES-D as the disahility categories in the Rosser health state
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matrix. The authors have functioned as a reference group of
clinical psychologists and found that the CES-D seems to
correspond to the Rosser disability dimensions (see Table 1).
Thisis in-line with the recommendations by Gudex and Kind
[61]. The first 2 CES-D subgroups (subthreshold and
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mild/moderate) correspond well with Rosser’s disability
categories| (no social disability) and 11 (slight social disability);
the third CES-D subgroup (moderate/severe) corresponds well
when dividing the CES-D scores over Rosser’s disability

Lintvedt et al

categories |11 to VI. The disahility categories VII to VIII are
not used because they represent states of being confined to bed
and unconscious. The analogy between CES-D and Rosser
Disability category is shown in Table 1.

Table 1. Center for Epidemiologic Studies Depression scale (CES-D) scores and their corresponding Rosser disability categories.

CESD Rosser disability category
Subgroup Score  Category Description
Subclinical 0-15 I No social disability
Mild/moderate 16-23 I Slight_social disability, can continue almost as usual with occupational and home
activities
Moderate/severe 24-33 | Severe socia disability and/or slight impairment of performance at work
34-42 v Choice of work or performance at work very severely limited
4352 V Unable to undertake any work/education
53-60 VI Full-time care or in an institution

Rosser Health State Matrix: Distress Categories

The K10 was developed for usein epidemiol ogical surveysand
isused to measure psychological distress. No other studieswere
found that used K 10 asthe distress category in the Rosser health
state matrix. The authors have functioned as a reference group

of clinical psychologists and found that the K10 seems to
correspond largely with the Rosser distress dimensions (see
Table 2). This is in-line with the recommendations by Gudex
and Kind [61]. The K10 preassessment scores are used as the
basis for deciding the appropriate distress categories for the
participants.

Table 2. Kessler Psychological Distress Scale (K10) scores and their corresponding Rosser distress categories.

K10 Rosser distress category

Subgroup Score Category Description
Being well 10-19 A No distress

Mild mental disorder 20-24 B Mild distress
Moderate mental disorder 25-29 C Moderate distress
Severe mental disorder 30-50 D Severe distress

Quality-Adjusted Life Years

A QALY isayear of life adjusted for its quality or its value. A
year in perfect health is considered equal to 1 QALY [62]. The
value of ayear in ill health would be discounted. In the trial,
there was a period of 8 weeks between the preassessments and
postassessments, in such a way that the AH was gained over a
2-month timeframe. Thetrial did not have a12-month follow-up,
but research from the field shows that the effect over time, from
posttest to 12-month follow-up, ismaintained [63]. Mackinnon
and colleagues [63] conducted a study on 12-month outcome
for MoodGY M compared with BluePages and a control group.
This gives the best estimate for how to transform our findings
to a12-month outcome. They reported that both the MoodGY M
group and the control group had adeclinein CES-D scoresfrom
posttest to 12-month follow-up, and the control group had the
best benefit in reduced symptoms of depression. These
transformations of QOL are according to the principles described
by Gudex and Kind [61]. The gainin QALYs (QALY-gain) is
based on the utility value for improved health AH, multiplied
by the time interval (T) over which the improvement occurred
(measured in years): QALY-gain = AH x T [64].
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Cost per QALY Gained

The National Institutefor Health and Clinical Excellence[65,66]
inthe United Kingdom considers cost per QALY gained among
itscriteriafor coverage recommendationsto the National Health
Service. This has been converted into an explicit criterion of
£30,000 per QALY to be used as a guideline for these
recommendations[67]. In Norway, an amount of NOK 500,000
has been proposed (equivalent to €67,100 in 2009) as a
temporary best estimate of a QALY [68].

Results

The Norwegian real cost totalled to €39,900, and the estimated
cost to €56,000, adding up to atotal of €95,900. Based on data
published by Butler and colleagues [69], the Austraian
development cost was €479,400 plus an average annual
maintenance cost of €44,700. The Norwegian costs correspond
to almost 27% of the Australian devel opment costs.

Table 3 summarizes the compl ete cases analysis for depressive
symptoms with change scores and effect size [37]. The
between-group difference for the Internet intervention and
control groups for the overall complete cases analysiswas 7.1
points on the CESD scale and 7.0 points for the
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intention-to-treat analysis. The mean scores at baselinefor K10  evident in their total scores and rather high numbers in the
were 33.2 (SD 5.5) for the Internet group and 33.2 (SD 5.0) for CES-D subclinical and moderate/severe subgroups. There is
the control group. The deterioration in the control group is almost no change for the mild/moderate subgroup.

Table 3. Completers between-group effect size (Hedges' g) for depression level as measured by the Center for Epidemiologic Studies Depression Scale
(CES-D).

CES-D scale and condition Pretest Posttest Contrast® Effect size?
Mean (SD), n Mean (SD), n Mean (SD) g(SE)
Total
Intervention 22.6 (10.9), 43 18.5(14.0), 43 4.1 (10.4) 0.72 (0.21)
Control 18.5(9.6), 59 21.4(13.0), 59 -3.0(9.1)
Subclinical
Intervention 11.4(3.6), 14 10.0 (8.6), 22 1.4 (8.4) 0.68 (0.34)
Control 9.8(3.4),25 14.4(9.7), 25 -4.6(8.8)
Mild/moderate
Intervention 19.0(2.7), 10 11.0(95), 7 8.0(9.8) 0.85 (0.42)
Control 19.2 (2.3), 17 19.5(10.9), 11 -0.3(9.2)
Moder ate/severe
Intervention 32.7(7.0), 19 28.6(12.8), 14 4.1 (11.7) 0.67 (0.34)
Control 30.4 (10.0), 17 32.4(12.1), 23 -32(9.2)

8 positive contrast represents better outcome.
b Hedges gisHedges unbiased effect size; SE is Hedges' unbiased standard error.

The following analysis is based on the completers data from  in which each cell in the matrix represents the number of cases
the effect trial [37]. For both conditions (Internet intervention  for the combination of distress and disability. Each cell in this
and control group), participants’ distressand disability category — descriptive matrix is associated with a corresponding weight in
is given. Table 4 presents an overview for condition and time the Rosser valuation matrix (Table 5).

Table 4. Descriptive matrix with number of participants for each disability and distress state, for condition and test time.

Condition Disability category Distress category, n
Baseline Posttest
A B C D A B C D
Internet | 1 8 5 1 12 8 1
Il 6 3 1 4 2 1
11 3 4 3 2 1 2
v 2 5 1 1 5
\% 2 2
Control | 1 11 10 3 10 12 3
1 7 4 6 6 3 2
11 1 7 6 1 3 1 5
v 1 1 5 3
\Y 1 1 3
VI 1
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Table 5. Rosser’s utility valuation scores for health conditions.

Disability category Distress category?®

A B C D

I (no social disability) 1.000 0.995 0.990 0.967

Il (slight social disability) 0.990 0.986 0.973 0.932

I11 (severe social disability) 0.980 0.972 0.956 0.912

IV (severely limited work performance) 0.964 0.956 0.942 0.870

V (unable to work/study) 0.946 0.935 0.900 0.700

VI (total social disability) 0.875 0.845 0.680 0.000

81 = healthy; 0 =dead. Table shows only relevant disability categories (for complete table see Kind et al [59]).

When all cellsin the descriptive matrix are multiplied with the
corresponding weight in the valuation matrix, the sum of all
these products givesthetotal QOL scorefor condition and time.
The total QOL score is then divided by the number of
participants in the group, which gives an average QOL gain
(AH) score for the group [61]. The Internet intervention group
(n=43) had atotal QOL at pretest of 40.82 (mean 0.95), and
41.02 (mean 0.95) at posttest, with a AH of 0.005. For the
control group (n=59), thetotal QOL at pretest was 56.86 (mean
0.96) and 55.96 (mean 0.95) at posttest, with an average AH of
-0.015. The between-groups gain in QOL (AH) was 0.020.

Prediction of a 12-M onth Outcome

By using the change scores from the Australian 12-month
follow-up study of MoodGYM and BluePages [63], we
calculated a factor to extrapolate our findings to predict a
12-month outcome. Because the results for the control group
in our trial were negative, the factors were calculated from
posttest to 12-month follow-up. For the MoodGY M group, the
change from posttest (mean 15.9) to 12-month follow-up (mean
14.1) was 1.8 pointson the CES-D scale, giving achange factor
of 1.127. For the control group, the change from posttest (mean
19.5) to 12-month follow-up (mean 16.4) was 3.1 points on the

CES-D scale, giving a change factor of 1.19. Asthe change for
the control group was negative, we multiply with the inverse
factor at 0.84 (1/1.19). In this way, the difference between
groups will diminish.

The gain in QOL (AH) for the Internet intervention group was
0.0048, and increased to 0.0054 (0.0048x1.127) after
transformation. The negative gain in AH for the control group
was —0.015 and decreased to —0.013 after transformation. The
between-groups AH reduced to 0.018. The transformation
extrapolates the results to a timeframe of 1 year. This gives a
QALY-gain=0.018x1, which eguals 0.018 of a QALY.

Table 6 presents cost analyses assuming an operating period of
3 years, as the Internet-based programs need to be maintained
after some time. The total cost for the trandation project is
€55,000 per year, equal to 27% of the cost of the devel opment
project in Australia. For the trandation project, we added an
annual cost for maintenance (€14,000) and a service fee (€9000)
to provide a more realistic estimate for real-world use. The
Internet-based programs run on a shared server in Australia,
resulting in the lower maintenance cost for the translation
project.

Table 6. Estimated development and trand ation costs with mean cost (based on 3 years' operating time).

Project and costs type Costs per year (€1000) Mean cost (€1000)
Year 1 Year 2 Year 3
Development cost (Australia)
Development 479.4 159.8
Maintenance 44.7 44.7 44.7 447
Total 524.1 4.7 4.7 204.5
Translation cost (Norway)
Development 95.9 32.0
Maintenance 14.0 14.0 14.0 14.0
Service fee 9.0 9.0 9.0 9.0
Total 118.9 23.0 23.0 55.0

Based on data from the validation study, the QALY-gain was
found to be 0.018 of a QALY. To obtain one QALY, we need
56 individuals (1/0.018) to use the Internet intervention in the
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same way as the group of completers did in the trial. Thisis
equal to gaining 1 year of full health for 1 person.

Table 7 showsasensitivity analysisfor cost and savings, divided
on a development and translation project. Estimated savings
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per QALY is varied between the Norwegian estimate and the
UK estimate. For each of these scenarios, Table 7 shows
potential savings based on the number of people treated
annually. The CER is the ratio between cost and QALY. The
development cost for the translation project islessthan the cost
for 1 QALY gained, and for the devel opments project just over
3 QALY gained, based on the Norwegian estimate for cost per

Lintvedt et al

QALY gained. The most conservative estimate indicates that
for every 1000 persons treated, 16 QALY are gained. The
investment is returned 9 times and the CER is 3432 (based on
the more conservative UK estimate for cost per QALY gained).
Consequently, if 20,000 people aretreated per year, 355 QALY'S
are gained. Annual savings for the trandation project are
estimated to at least €500,000 per 1000 persons treated.

Table 7. Estimates for cost and annual savings (based on 3 years' operating time) for development and trandation projects, with cost-effectiveness

ratio (CER).
Project estimate Per QALY Annual
Savings Persons Development cost  Persons Savingsper per- Tota savings QALY & CER®
(€1000) (€1000) trested  gon? (€1000)
(€1000)
Development
Norwegian 67 56 204 1000 0.99 992 15 13,772
Norwegian 67 56 204 20,000 1.19 23,725 354 576
UK 30 56 204 1000 0.33 332 11 18,450
UK 30 56 204 20,000 0.53 10,510 350 582
Trandation
Norwegian 67 56 55 1000 1.20 1141 17 3228
Norwegian 67 56 55 20,000 1.20 23.875 356 154
UK 30 56 55 1000 0.54 481 16 3432
UK 30 56 55 20,000 0.54 10,659 355 155

@ Savings per person = (savings per QALY )/(persons per QALY )—(development cost)/(persons treated).

b QALY s= (total savings)/(savings per QALY).
€ CER = (development cost)/QALYs.

Sensitivity Analysis

Our model for estimating thegainin QOL is based on the Rosser
Index. Depending on how well the CES-D and K10 scaleswere
fitted to the disability and distress categories, this could affect
the output from the model. A sensitivity analysiswas conducted
to explore how the operationalizing of the scales could have
contributed to variation in the outcome (QOL gain). Three
scenarios were investigated: (1) the main analysis based on the
score for each individua participant, (2) by using the CES-D
subgroup mean, and (3) by using the mean for the conditions.
In addition, 2 scenarios were investigated to explore the effect
of the deterioration in the control group: (4) if there was no
change in the control group, and (5) a positive change in the
control group. Scenario 1 isaready described previously.

Scenario 2 had only 3 values for each condition and time. In
the Internet condition, scores for CES-D and K10 placed the
CES-D subgroupsasfollows at pretest and posttest: subclinical
group (disability I/distress B, K10 mean 22.8; disability
I/distress B, K10 mean 23.7), the mild/moderate subgroup
(disability Il/distress B, K10 mean 24.4; disability I1/distress
C, K10 mean 25.3), and the moderate/severe subgroup (disability
[11/distress D, K10 mean 30.0; disability I1l/distress D, K10
mean 30.7). Inthe control condition, scoresfor CES-D and K10
placed the CES-D subgroups as follows at pretest and posttest:
subclinical group (disability I/distress B, K10 mean 24.5;
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disability I/distress C, K10 mean 25.4), the mild/moderate
subgroup (disability 1l/distress C, K10 mean 27.5; disability
[1/distress C, K10 mean 25.1), and the moderate/severe subgroup
(disability I11/distress C, K10 mean 28.5; disability I11/distress
C, K10 mean 28.3).

Scenario 3 was placed in the disability category Il for both
conditions, based on CES-D scores (Table 3). The K10 mean
was 33.2 for both conditions. The same participants were present
at both pretest and posttest, making the distress category D at
both the pretest and posttest. When looking at the changes in
CES-D scores, it is reasonable to assume that the Internet
condition, with areduction of 4.1 points, resulted in arelief of
distress. The opposite could be applied for the control condition,
asthey had an increase of 3.0 points. The manual for the Rosser
Index offers no rules for this scenario, so it seems reasonable
to apply areduction corresponding to half of the change between
distress categories C and D, at 0.02. The same applies for the
control condition.

Scenario 4 aimed to explore the effect of the deterioration in
the control group. If there were no change in the control group
during the trial, the QOL gain for the intervention would be
equal to the gain for the Internet intervention group. The QOL
gain between groupsis 0.006, only one-third of the QOL gain
from scenario 1.
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Scenario 5 represents a scenario in which the control group had
apositive change from baseline to posttest, as one could expect
during atime period of 12 months. This scenario usesthe pretest
assessment for both conditions to calculate a new factor to
extrapolate our findings to predict a 12-month outcome. The
extrapolating was done directly on the pretest scores for each
participant to predict outcome scoresat 12 months. Therationale
for exploring this is based on the fact that the Norwegian and
Australian trials were different, unattended vs minimal
contact/attention placebo. The change factors for the Internet
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intervention and control group were 1546 and 1.317,
respectively. The QOL gain between groupsis0.012, ie, smaller
than for scenario 1 (two-thirds), but still notable. An alternative
approach for this scenario could beto extrapol ate the Norwegian
posttest scores and compare to the Australian improvement for
the control group. The change factors for the Internet
intervention and control group would then be 1.127 (as for
scenarios 1-3) withaQOL gain of 0.003. Thisisonly one-sixth
of the QOL gain from scenario 1. See Table 8 for the results
from the sensitivity analysis.

Table 8. Quality of life (QOL) sensitivity analysis within and between conditions.

Scenario Condition AH2 AHextb
1. Main analysis

Internet QOL gain 0.005 0.006

Control QOL gain -0.015 -0.013

Between-conditions QOL gain 0.020 0.018
2. Subgroup mean

Internet QOL gain 0.008 0.010

Control QOL gain -0.004 -0.003

Between-conditions QOL gain 0.012 0.013
3. Condition mean

Internet QOL gain 0.020 0.024

Control QOL gain -0.020 -0.017

Between-conditions QOL gain 0.040 0.041
4. Main analysis, unchanged control group

Internet QOL gain 0.005 0.006

Control QOL gain 0.000 0.000

Between-conditions QOL gain 0.005 0.006
5. Main analysis, gain in control group

Internet QOL gain 0.024

Control QOL gain 0.012

Between-conditions QOL gain 0.012

a8 AH=QOL gain.
b AHgy = QOL gain extrapolated.

Discussion

Conservative estimates indicate that for every 1000 persons
treated, 16 QALYs are gained. The investment is returned 9
times and the CER is 3432. The costs of the trandation project
totalled to approximately 27% of the estimated origina
English-language version devel opment costs.

Principal Results

The scenarios in the sensitivity analyses differ in that they
decrease in distribution among the 29 potential health states.
Scenario 1 uses up to 15 different states, whereas scenario 2
uses up to 5 different states, and scenario 3 only 1 health state.
As the distribution becomes more even, the QOL gain (AH)
between groups decreases, and for scenario 3 thereis no gain
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a al. This is partly an effect of the negative results for the
control condition. If the control group iskept stable (no change
between pretest and posttest score), the QOL change between
groupsisequal to the change within the intervention condition.
Then there is an opposite effect, in which the QOL gain
increases with the decrease in distribution. The result is less
sensitivity and givesan inflated result. Between scenarios 1 and
2, thisis probably aresult of less variance and not necessarily
that we had to use judgment, as in scenario 3. The results for
the extrapolated QOL gain (AH,,;) offer no additional insight
because it is just a fixed factor that scales the scores into a
12-month QOL gain.

Scenarios 4 and 5 explore the effect of the deterioration in the
control group, as one could expect some improvement in that
group over a longer time period. The Australian trial is not
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comparable to the Norwegian because the experimental and
control groups are given different focus (minimal contact vs
unattended). As scenario 4 shows, we need 3 times as many
persons treated to gain 1 QALY. In scenario 5, we need 1.5 as
many persons treated to gain 1 QALY.

As the economic analysis shows, the cost of the trandation
project is less than 1 gained QALY. In the worst case, it is
necessary to treat 46 subjects with symptoms of depression to
reach the cost break-even point. The treatment received should,
on average, be the same asthe average for the completersin the
trial. As a trandation project, this investment is highly
cost-effective asit returns the investment many times. With the
Norwegian estimate for gained QALY (savings per QALY),
every 1000 persons treated yields 17 QALY s and returns the
investment 21 times with a CER at 3228. Based on the UK
estimate for gained QALY, every 1000 persons treated gives
16 QALY s, returnstheinvestment 9 times, and the CER is 3432
The cost for the translation projectsislessthan 1 QALY, so the
annual number needed to treat to make the cost break-even is
46 individuals, and the development project needs 171
individuals (based on Norwegian estimate for savings per
QALY). Thisis promising, as we know that people, in general,
are positive to Internet-based self-help and that thisintervention
can serve as a prevention intervention. Results from a
meta-analysis show that preventive interventions can reduce
theincidence of depressive disorders by 22% [70]. The authors
concluded, for people with subthreshold symptoms or with
high-risk situations, preventive interventions might be exactly
what they need.

The trial costs are included in development costs, and include
testing the Web-based interventions' effect and effectiveness.
The WHO suggeststhat Internet-based prevention interventions
should be disseminated after establishing their efficacy [33].
We consider the process of “establishing efficacy” as a part of
the project and recommend othersto includetrial costsaswell.

We regard the assumptions underlying the cost-effectiveness
scenarios as conservative, but at the same time it depends on
the kind of marketing, that the potential users find the
interventions acceptable, and can trust the service provider.
Internet-based interventions are costly to develop and require
long-term research to test and evaluate their efficacy and
effectiveness before they can be disseminated en masse.
Locating funding sources for dissemination is often difficult
[33]. This paper shows the potential economic benefits of
tranglating Internet-based interventions into other languages,
and that the cultural and linguistic transformation of tools
developed in other countries are feasible. Hopefully, this paper
also contributes to more research reporting cost-effectiveness
data in the future. Our findings should encourage others to
undertake similar translation activities. These could comprise
other mental disorders for which evidence-based interventions
exist, including social anxiety disorder, panic disorder,
posttraumatic stress disorder, substance misuse, and eating
disorders [71-75]. For small countries, like Norway, with a
limited number of researchersin the e-mental health field, itis
considerably more cost-effective to translate and implement
existing interventions than to develop new ones from scratch.
This should enable the relatively rapid introduction and
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dissemination of new interventions to a broad spectrum of the
target population. In addition, such an approach could facilitate
global dissemination to reduce health disparities across countries
and cultures [76,33]. Although we find it considerably more
cost-effective to trandl ate existing interventions than to devel op
new ones from scratch, there could be situations in which the
latter option becomes necessary or appears as more beneficial,
ie, if for our area of interest no proven effective Internet-based
intervention is available, the content of the program does not
use the treatment we are interested in, we want to have control
over the content and development of the intervention, and if
there is no willingness from intervention developers to give
access to their programs.

Internet-based treatments are more accessible than
therapist-delivered treatments and, therefore, have the potential
to reach more people with an unmet need [77]. An important
further step is to assess the cost-effectiveness of the various
Internet-based treatments to allow policy makers and health
care providersto compare the benefits of online treatment with
other interventions. This paper represents one of the few
demonstrating the cost-efficacy of an Internet-based therapeutic
intervention to treat or prevent a mental disorder and the only
study of the cost-effectiveness of trandating an existing program
for use in another language, as far as we know.

Although the current study demonstrates that the translation of
interventions can be cost-effective, there are other issues that
need to be addressed in establishing a trandation agreement.
Firstly, the licensing deed or contract will need to specify the
degree to which the trandator can adapt and customize the
translated version to local requirements. Secondly, this
agreement will need to specify the extent to which the trandating
sitewill have the opportunity to implement new functionalities,
such as customized printouts. Thirdly, the agreement will need
to specify the extent to which the translating site will have an
opportunity to influence and contribute to new content for the
program. If the content of the application is altered, the
application is no longer the same. However, if the application
is run by the original center, as was the case for MoodGY M
and BluePages, the proliferation of different versionsrepresents
a logistical challenge, particularly if programs, such as the
BluePages depression information website, requires updating
as new information develops, or changes are introduced on the
basis of user feedback. Fourthly, the contract should be explicit
about the ownership of data collected from the trandator’'s
national usersandtrial. Finally, special attention should be paid
to the timely updating of the trandlated version after changesin
the original one.

Limitations

There are several limitations of this study. The validation part
of this paper is based on mixed model repeated measures
(MMRM) to handle missing data, which might haveintroduced
some bias. However, the results used in this report were from
the complete case analyses as we needed pretest and posttest
for all casesto carry out the estimates for QALY's. The effect
of the intention-to-treat sample was somewhat smaller than for
the complete cases, and our choice of sample could have
strengthened the effect and QOL calculations. The deterioration
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in the control group is not unusual over a short time [78], but
over a longer time period, one would expect improvements.
The effectiveness study discusses some plausible reasons for
this [37], such as that the posttest was conducted just weeks
before university examinations started. The usage of completers
analysis could have introduced some bias, as well. The effects
were considered in arelatively short time span of 8 weeks and
should beregarded as potentia effect if one completesthetrial.
There was no long-term follow-up of this trial. How the
cost-effectiveness of Internet-based treatment is affected when
alonger period of timeisused isunknown to us. If an effect is
maintained over a longer period, this will increase the QALY
gain and thusincreasethe QALY and reduce the number needed
to treat. This assumption was taken into the cal cul ations based
on the 12-month outcome data from other studies with
MoodGYM and BluePages [63]. All outcome measures are
based on self-reports and include only symptoms of depression
because no clinical assessment was done. Self-report measures
of depression may yield a high rate of false positive and false
negative results. This could have compromised the results,
identifying persons as depressed who do not meet the criteria
for a clinical diagnosis and failing to identify persons with a
depressive disorder. No data on sick leave, disability, or other
social benefitswere collected. The use of such datawould have
yielded a more complete and realistic cost-effectiveness
estimate. However, these benefits would only have increased
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the estimated savings and present Internet-based interventions
in an even more attractive way. Finally, the Rosser Index isjust
oneway to estimate health gains, and other methods could have
produced different results [ 79]. However, this method has been
employed previously, and the Rosser Index has its strengths at
apolicy level often used on existing datasets to foretell health
care demands [57]. A similar estimation for QALY gain was
conducted to eval uate cost-effectivenessfor aface-to-face group
intervention designed to decrease depression [80], but they
reported only QOL gain on agroup level.

Conclusions

The economic analysis shows that the cost-effectiveness of the
trandation project was substantial. Thisisanatural consequence
if the project is proven effective in reducing depressive
symptoms and based on unguided self-help. The devel opment
cost is fixed and the maintenance cost is minimal. Further, as
Internet-based treatments are more accessible than
therapist-delivered treatments, when these Web-based
interventions are disseminated at a national level, they should
reach a significant number of individuals with an unmet need
for help. The current findings should encourage others to
undertake similar trandation activities and facilitate global
dissemination of effective programsto reduce health disparities
across countries and cultures. When data on societal benefits
are taken into account, Internet-based prevention interventions
should become even more appealing.

Dr Griffiths is one of the authors and devel opers of the MoodGY M and BluePages websites, but derives neither personal nor

financial benefit from the programs.
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Abstract

Background: Web-based smoking cessation interventions can have a public health impact because they are both effective in
promoting cessation and can reach large numbers of smokersin a cost-efficient manner. Their potential impact, however, has not
beenrealized. It isstill unclear how such interventions promote cessation, who benefits most, and how to improve their population
impact.

Objective: To examine the effectiveness of a highly promoted Web-based smoking cessation intervention to promote quit
behavior over time, identify the most effective features, and understand who ismost likely to use those features by using unweighted
and weighted analyses to estimate the impact in the broader pool of registered site users.

Methods: A sample of 1033 new adult registrants was recruited from a Web-based smoking cessation intervention by using an
automated study management system. Abstinence was assessed by self-report through a mixed-mode follow-up (online survey
with telephone follow-up for nonrespondents) at 1, 3, and 6 months. Software tracked respondents’ online activity. Generalized
estimating eguations (GEE) were used to examine predictors of website utilization and how utilization promoted abstinence using
unweighted and weighted data.

Results:  The 7-day point prevalence abstinence rates at 6 months ranged from 20.68% to 11.13% in the responder and
intent-to-treat samples, respectively. Predictors of abstinence in unweighted analysesincluded number of visitsto the website as
well asaccessing specific interactive or engaging features. In weighted analyses, only number of visitswas predictive of abstinence.
Motivation to quit was a key predictor of website utilization, whereas negative partner support decreased the likelihood of
increasing visits or accessing engaging features.

Conclusions: Engagement is critical to promoting smoking cessation. The next generation of Web-based smoking cessation
interventions needs to maximize the initial engagement of all new visitors and work to retain those smokers who proceed to
register on the site.

(J Med Internet Res 2013;15(1):€14) doi:10.2196/jmir.2277
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Internet; smoking cessation; intervention studies; use effectiveness
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Introduction

Degspite a substantial decline in smoking prevalence over the
past 40 years, nearly 1 in 5 adults (45.3 million) in the United
States still smokes, and the rate of prevalence reduction has
slowed in the last decade [1]. Most smokers (approximately
70%) say that they want to quit, and each year roughly one-half
of smokers try to quit, but less than 6% succeed [2].
Furthermore, only 31.7% have used counseling and/or
medications when they tried to quit [2], highlighting the need
for cost-effective, engaging, and sustainable cessation
interventions that can reach and motivate smokers to quit and
help them remain abstinent. Given the substantial influence of
the Web, with its over 2.67 billion users across the globe [3]
and itsincreasing use as amechanism to seek health information
[4,5], Web-based smoking cessation interventions show
significant potential to promote cessation if optimized to be
maximally effective (a product of reach and efficacy divided
by cost) [6,7].

The 2008 Clinical Practice Guidelines for Treating Tobacco
Dependence [8] assert that Web-based interventions are a
“highly promising delivery system for tobacco dependence
treatment.” These interventions can be built to run on multiple
platformsincluding tablets and mobile devices[9-11], are easily
accessible and available al hours of the day, provide anonymity
to those smokers who prefer privacy [12], and remove the
logistical and financial barriers associated with some
pharmaceutical and/or in-person behaviora counseling
interventions. Additionally, Web-based interventions have
evolved to engage smokers with interactive elementsincluding
multimedia content, social networks, blogs, forums, and virtual
communities[9,13-15]. Web-based interventions show evidence
of effectiveness in adult tobacco users [16-18], with recent
randomized trialsreporting quit rates as high as 26% at 6 months
posttreatment [19-21]. Although several studies have
documented increased rates of cessation associated with tailoring
[14,22-27], greater website exposure [25,28-36], and a
supportive vs information-only content [24,33,34], a recent
review concluded that the strength of the evidence for
effectivenessis only moderate and could benefit from additional
research to improve population impact [37]. This review also
concluded that there is currently insufficient evidence for the
effectiveness of multicomponent, interactive, or additional
components, such as bulletin boards, in promoting cessation
[37]. Consistent with the National Institutes of Health’'s strategic
priorities, thereisan extraordinary opportunity to conduct more
rigorousimplementation/dissemination research to improve the
real-world impact of Web-based interventions for smoking
cessation [38-40].

Tobacco control simulation models suggest that Web-based
interventions have extraordinary potential to contribute to a
further decrease in population-level smoking rates if effective
and if promoted sufficiently [41]. For the full potential of these
interventionsto be reached, however, further research is needed
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to clarify the degree to which Web-based interventions are
effective, how and why these interventions work, the factors
influencing their effectiveness, and their long-term benefitsin
area-world setting.

The purpose of this study was to build upon previous literature
to examine the effectiveness of an interactive Web-based
cessation intervention, BecomeAnEX.org [42], in promoting
quit attempts and abstinence over a 6-month period in a large
sample of newly registered users. Specific aims of the study
were to (1) identify whether increased use of the website
promotes quit attempts and abstinence, (2) determine which
components of the program are most effective in promoting
cessation, and (3) examine the demographic characteristics,
psychosocial factors, and smoking behaviors associated with
greater use of the program and its associated features. We
hypothesized that increased utilization of the website and
accessing the BecomeAnEX.org community would be associated
with quit behavior over the course of this study.

Methods

The BecomeAnEX.org Intervention

BecomeAnEX.org is a free, branded, evidence-based
intervention developed in accordance with the 2008 US
Department of Health and Human Service's Clinical Practice
Guidelines [8]. The site was developed by Legacy, a nonprofit
organization that develops smoking prevention and cessation
programs, in collaboration with the Mayo Clinic Nicotine
Dependence Center. The overarching goal of the site is to
educate smokerswanting to quit and provide the tool s necessary
to support their quitting efforts. The site provides smokerswith
detailed information and action stepsto help them “re-learn life
without cigarettes,” in part by disassociating smoking from
common daily activities that would otherwise function as
smoking cues, such as driving or drinking coffee.
BecomeAnEX _.org isdesigned to support smokers through their
journey of quitting smoking and preventing relapse.
BecomeAnEX.orgisavailable on multiple platforms, including
mobile, and is designed to engage smokersthrough thefollowing
coreelements: (1) My Quit Plan, achecklist that hel ps smokers
set aquit date and trackstheir progress through the steps of the
quit plan; (2) a Cigarette Tracker to help smokers identify and
track their smoking triggers; (3) Beat Your Smoking Triggers,
a list of common triggers with tips for dissociating cigarettes
from them; (4) separation exercises to teach smokers how to
separate a cigarette from its trigger; (5) support exercises to
help smokers identify who they can turn to for support when
quitting smoking; (6) Quit Smoking Resources, alist of national
organizations, state quitlines, and websites that smokers can
turn to for additional information and help to quit smoking; (7)
text and videos detailing the importance of medication and the
different typesavailable; and (8) BecomeAnEX.org Community,
a large online network of current and former smokers. See
Figures 1 and 2 for screenshots of the website.
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Figure 1. Screenshot of the home page of the BecomeAnEX.org website.
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Figure 2. Screenshot of the My Quit Plan page of the BecomeAnEX.org website.
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Study Participants and Enrollment

This was a prospective, observationa study of a cohort of
participants recruited via an automated study management
system at the time of enrollment on BecomeAnEX.org. To be
eligible, BecomeAnEX.org registrants had to be current
smokers, age 18 years or older, and willing to provide a valid
email address and telephone number. From January 19 through
May 23, 2011, a total of 19,821 individuals were invited to
participate in the study (Figure 3).

http://www.jmir.org/2013/1/e14/

RenderX

Enrollment for certain demographic subgroups (eg, white
females) was deactivated once targeted enrollment goals were
met. Theinvitation described the terms of the study, expectations
regarding follow-up assessments, and the availability of
incentives for completion of follow-up surveys. Registrants
who accepted the invitation (n=5245) completed online
eligibility verification and onlineinformed consent. Those who
were eligible (current smokers, age =18 years, provided valid
email/tel ephone number) and consented (N=2556) were sent an
email with alink to the baseline survey that they had to complete
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within 24 hours. A total of 1048 individuals completed the
baseline survey; of those, 15 were subsequently withdrawn
because of duplication in study registration, leaving an effective
sample size of 1033. Respondents were then contacted for

Figure 3. CONSORT diagram of study recruitment.

[ Shown Invitation (n=19,821) ]
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follow-up surveys at 1, 3, and 6 months after enrollment.
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(557/1033), respectively.

(Excluded (n=14,576)
*Declined to participate (n=7979)

Screened (n=5245,
26.46%)

Consented (n=2556,
48.73%)

Final Sample (n=1033,
40.41%)

L *Abandoned (n=6597)

4 I
Excluded (n=2236)
*Ineligible (n=163)
*Discordant (n=1727)
*Abandoned (n=346)
k*Other reasons (n=453) )

Excluded (n=1523)
*Didn't finish baseline (n=1508)
*Withdrawn (n=15)

\.

f
Contacted (n=1033)

1-month follow-up (n=717,
Response Rate (RR) =
69.41%)

Did not complete survey (n=316)

\.

Contacted (n=1033)

3-month follow-up (n=623,
RR=60.31% from baseline)

L Did not complete survey (n=410)

Contacted (n=1033)

6-month follow-up (n=557,
RR=53.92% from baseline)

.
]
()
B

http://www.jmir.org/2013/1/e14/

Did not complete survey (n=476)

]
|
|
|

(
{

JMed Internet Res 2013 | val. 15 | iss. 1 [e14 | p.62
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Data Collection

Data for the study were obtained through 2 sources:. (1)
self-report assessments completed at baseline and at 1, 3, and
6 months after enroliment, and (2) online tracking software. At
each follow-up, respondents were sent an email offering an
incentive of US $25 to complete an online follow-up survey.
Reminder emails were sent to participants 3 and 7 days after
theinitial email. Attemptswere madeto contact nonrespondents
by phone to complete the follow-up survey starting at 10 days
after theinitial email. At least 15 but no more than 20 attempts
were made to contact nonrespondents over multiple days at
different times of day. Participants were reimbursed US $15
for completing the follow-up assessment by phone. The lower
reimbursement offered through the telephone follow-up was
intended to encourage online follow-up. Individual-level
tracking metrics of BecomeAnEX.org utilization (eg, number
of log-ins, pages viewed) were recorded by using Omniture
SiteCatalyst software [43] and transferred to a relational
database linked to the automated study management system.
Utilization of BecomeAnEX.org via mobile devices was not
recorded. At the time of the study, the mobile site associated
with BecomeAnEx.org was a limited version that contained
only aportion of the functionality of thefull site and represented
only anonymous use (ie, there was no log-in required or
available). Assuch, although use of the mobile site wastracked
by Omniture SiteCatalyst, it was not possible to record
individual use by study participants. Websites other than
BecomeAnEX.org were not monitored. This study received
Ingtitutional Review Board (IRB) approval by Schulman
Associates IRB (previously Independent IRB, Inc).
Weighting

Data obtained on the study sample were poststratified to be
representative of the larger population of new registrants to
BecomeAnEX.org during the period of study recruitment and
adjusted for nonresponse. Variables on which the study sample
wereweighted include gender, age, education, and race/ethnicity
of new registrants. Each of these demographic variables was
significantly correlated (P<.05) with baseline levels of the
smoking variables mentioned previously (eg, motivation to quit,
quit attemptsin past year, and cigarettes per day). Demographic
information was also significantly correlated with website usage
during the study period.

M easures

The main outcomes were self-reported number of quit attempts,
7-day abstinence, and 30-day abstinence measured at each of
the 3 follow-ups. Self-report of smoking behavior iscommonly
accepted in  national  Web-based cessation trias
[19,20,22,23,29,30,44] when biochemical verification isneither
feasible nor necessary [45]. Quit attempts were assessed with
the question: “ Since our last survey, how many times have you
intentionally quit smoking (not even a puff) for at least 24
hours?’ Abstinence at 7 and 30 days was measured at each
follow-up with the question: “About how long hasit been since
you compl etely stopped smoking cigarettes?’

Main independent variables to measure website “dose” were 3
Omniture SiteCatalyst metricsrecorded at each time period: (1)
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the number of visits to BecomeAnEX.org, (2) the number of
minutes on the website, and (3) the number of pages accessed
on the website. All exposure metrics recorded represent
unmodified industry standards preset in Omniture SiteCatalyst.
Specifically, time online was cal cul ated as the duration between
the first page view and last page view of a session, whereas a
session times out after 30 minutes of inactivity. Cumulative
values for each of these metrics, as measured by Omniture
SiteCatalyst, were recorded at each follow-up survey.
Additionally, data on the features accessed by the respondents
(detailed in the Intervention section) were collected and
examined. The top 5 most commonly accessed
BecomeAnEX.org website features or pages within the study
sample were examined in relation to quit behavior, namely: (1)
My Quit Plan, (2) the BecomeAnEX.org Community, (3)
Separation exercises, (4) Beat Your Smoking Triggers, and (5)
the“ set-a-quit-date” feature. Usage of these featureswas coded
categorically with 3 levels: never accessed, accessed once, and
accessed 2 or more times. Additional metrics of interest were
self-reported use of the BecomeAnEX.org Facebook and Twitter
accounts that encouraged use of and provided links to the full
site.

Control variables included age, race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, and other), and education,
which was categorized as less than a high school diploma, high
school diploma or GED (General Educational Development)
test, 1-3 years of college, and college degree (or higher).
Baseline smoking variables that may potentially be related to
both website utilization and quit behavior were also measured,
including motivation to quit as measured by the question: “On
ascale of 1 to 10, how much do you want to quit smoking?’,
number of quit attempts in the past year, nicotine dependence
as assessed by the Fagerstrom Test for Nicotine Dependence
[46], peer smoking (as measured by the question “ Think about
the 5 people outside of your family that you spend the most
time with. How many of them smoke?’), household smoking
(yes/no), partner smoking status (yes/no), and past year use of
at least 1 cessation aide (eg, pharmacotherapy). The following
psychosocial variables were measured at baseline given their
association to quit behavior: social support as measured by a
modified 6-item version of the Partner I nteraction Questionnaire
(PIQ) [47], health status (excellent, very good, good, fair, poor),
advice to quit from a health care provider (yes/no), sadness as
measured by the 12-item Short Form Health Survey (SF-12)
[48] on a 6-point scale (with the question “How much of the
time during the past 4 weeks have you felt downhearted and
blue?'), perceived stress as measured by Cohen's Perceived
Stress Scale [49], and frequency of Internet use.

Analysis

Data on the study cohort were analyzed in comparison to all
other new registrants on the website during the period of study
recruitment to assess differences between the study population
and the more genera pool of registrants. Registration data
included demographic information and several questions
assessing smoking behaviors, including cigarettes per day,
motivation to quit, and quit attemptsin the past year.
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Both unweighted and weighted analyses of primary outcomes
were completed. First, frequencies and descriptive data were
calculated for baseline demographic characteristics, smoking
behaviors, and psychosocial factors. Next, the median and
interquartile range (IQR) of each of the utilization metrics and
the frequency of utilization of each of the BecomeAnEX.org
features were calculated. Smoking behavior at each follow-up
survey was calculated by using self-reported smoking status.
Abstinence rates were calculated 2 ways: (1) responder-only
analyses that only considered participants at each follow-up
with complete data, and (2) intent-to-treat (ITT) analyses that
considered all study participants and counted participants lost
to follow-up as smokers. Abstinence was also calculated as a
function of the number of visits to the website.

Logistic regression analyses by using generalized estimating
equations (GEE) were used to examine the association over
time between website use and quit behavior [50]. Briefly, GEE
accountsfor correlationsin repeated measurements and produces
efficient regression parameter estimates and accurate standard
errors [51]. Two models were calculated. The first model
estimated the association between website usage variables (eg,
number of visits) and quit behavior, adjusting for potentially
important confounding variables mentioned in the Measures
section. Because of the skew of the website usage variables,
each was log-transformed. Since visits to the website were
highly correlated with number of minutes on the website
(r=0.84, P<.001) and number of pages accessed on the website
(r=0.78, P<.001), results are presented only for number of visits.

http://www.jmir.org/2013/1/e14/
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The second model addsin 4 of the top 5 Web features or pages
accessed by participants and coded usage categoricaly into 3
levels: never accessed, accessed once, and accessed 2 or more
times. Although My Quit Plan was the most-accessed page, it
was removed from the analysis because of the low variability
in its use (accessed by approximately 90% of the sample) and
because it encompasses and provides links to the other features
of the site. An additional set of models examined predictors of
number of visitsto the website aswell as usage of the 2 features
of BecomeAnEX.org that were significantly associated with
abstinence, namely the BecomeAnEX.org community and
separation exercises. These models included all the control
variables described previously.

Results

Unweighted Data

The demographic characteristics of study participants are
displayed in Table 1. There was a roughly even split between
males (48.31%, 499/1033) and females (51.69%, 534/1033)
and most participants were 25 to 49 years of age (85.38%,
882/1033). Consistent with our targeted recruitment goals, there
was good representation of non-Hispanic blacks (14.04%,
145/1033) and Hispanics (14.52%, 150/1033), which closely
mirrors that of the US population (13.1% and 16.7%,
respectively) [52]. The sample was highly motivated to quit
(mean 8.5 out of amaximum of 10, where 10 equal sthe highest
level of motivation), and had made an average of 3 quit attempts
in the prior year.
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Table 1. Baseline characteristics of study participants using the BecomeAnEX.org smoking cessation website (N=1033).

Demographic variables n (%) Mean (SE)
Gender
Female 534 (51.69)
Male 499 (48.31)
Race/ethnicity
Non-Hispanic white 700 (67.76)
Non-Hispanic black 145 (14.04)
Hispanic 150 (14.52)
Other 38(3.69)
Age, years
18-24 120 (11.62)
25-44 531 (51.40)
45-64 351(33.98)
265 31(3.00)
Education
L ess than high school 62 (6.00)
High school diploma/GED 240 (23.23)
Some College 483 (46.76)
College degree or higher 248 (24.01)
Smoking variables
Fagerstrom Test for Nicotine Dependence® 5.22(0.07)
Motivation to quit (0-10) 8.48 (0.07)
Number of quit attempts in the past year 3.06 (0.20)
Number of smoking peers (0-5) 2.05 (0.05)
Has a partner who smokes 332(32.14)
Household smoking 581 (56.24)
Advised to quit by a health care professional 847 (82.00)
Health status
Excellent 72 (6.97)
Very good 304 (29.43)
Good 3096 (38.33)
Fair 205 (19.85)
Poor 56 (5.42)
Psychological status
Baseline sadness (1-6)° 3.45 (0.04)
Cohen Perceived Stress Scale, baseline 7.51 (0.09)

Baseline partner support ©
Positive support 11.28 (0.10)
Negative support 9.00 (0.12)
Frequency of use of the Internet

Several times aday 807 (78.12)
Approximately once a day 162 (15.68)
http://www.jmir.org/2013/1/e14/ JMed Internet Res 2013 | val. 15 |iss. 1 |e14 | p.65
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Demographic variables

n (%) Mean (SE)

<5 days aweek

64 (6.20)

8Range of responses for Fagerstrom Test was was 0-10.

b Measured usi ng the 12-1tem Short Form Health Survey (SF-12) questionnaire.
¢ Measured using the 6-item modified Partner Interaction Questionnaire (PIQ).

A comparison of study participants to other BecomeAnEX.org
members that joined the site during the study period showed
that study participants were more likely than non-study
participantsto smoke at |east a pack of cigarettesaday (38.88%
vs 25.57%, P<.001), more motivated to quit within the next 30
days (75.24% vs 66.10%, P<.001), and more likely to have
made at least 1 quit attempt in the past year (64.88% vs 50.43%,
P<.001) [data not shown].

Website Utilization

The median for total website visits over the 6-month study
period was 2 (IQR 1-4), the median number of total minuteson
BecomeAnEX.org was 32 (1QR 17-57), and the median number
of total pages accessed was 24 (IQR 12-60). Of thetotal sample,
40.27% (416/1033) visited the website once, 44.63% (461/1033)
visited 2 to 5 times, and the remaining 15.10% (156/1033)
visited morethan 5 times. The quit plan was the most-accessed
feature, with amost 90% (920/1033) of the sample accessing
it by the end of the study period. Other commonly accessed
features included the cigarette tracker, the Beat Your Smoking
Triggers, the BecomeAnEX.org community, and the separation
exercises. When asked whether BecomeAnEX.org was helpful
intheir effortsto quit smoking, almost 90% of study participants
at each of the 3 follow-up periods said yes: 1 month=86.12%
(614/713), 3 month=88.12% (549/623), and 6 month=90.47%
(503/556). When asked which feature (apart from the overall

My Quit Plan summary page) was most helpful, respondents
were most likely to endorse the cigarette tracker (20.50%,
107/522), the separation exercises (23.56%, 123/522), and the
BecomeAnEX.org community (14.75%, 77/522). The features
deemed least helpful by respondents at the last follow-up
included the quit smoking resources (2.68%, 14/522), the
ni cotine addiction videos (3.64%, 19/522), and the quit smoking
support exercises (4.98%, 26/522). Data indicated that use of
the features on BecomeAnEX.org occurred early upon
registering because there was only minimal increases (<5%) in
participants accessing new features beyond theinitial 1-month
period. Finally, although not recorded by Omniture SiteCatalyst,
survey data showed that 10% of participants reported visiting
the BecomeAnEX Facebook page, and 3% visited the
BecomeAnEX Twitter account over the study period.

Quit Rates

At 6 months, 7- and 30-day abstinence in the responder-only
sample was 20.68% and 18.35%, respectively (see Table 2).
Using ITT analysis, therates of 7- and 30-day abstinence were
11.13% and 9.87%, respectively. Rates of abstinence increased
dramatically as a function of website utilization: both 7- and
30-day abstinence rates were 10% or less for participants who
had visited BecomeAnEX.org only 1 or 2 times, but jJumped to
32.82% and 29.34% for those who had visited the website 3 or
more times during the study period.

Table 2. Smoking behavior of survey responders over the course of the study (N=1033).

Quit rates Basdine® Follow-up
1 month 3 months 6 months
n=713 n=623 n=556
Quit attempts, %
Yes 72.22 73.38 82.48 82.73
No 27.78 26.62 17.52 17.27
Number of quit attempts, mean (SE) 3.06 (0.20) 2.12(0.16) 3.24(0.22) 3.52(0.28)
Responder quit rates, %
7-day abstinence n‘a 13.18 18.14 20.68
30-day abstinence n‘a 5.19 14.93 18.35
I ntent-to-treat quit rates b
7-day abstinence n‘a 9.10 10.94 11.13
30-day abstinence n‘a 3.58 9.00 9.87

@ Smoking status at baseline is from BecomeAnEX .org registration data.
b Intent-to-treat treats all nonresponders as current smokers.
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Characteristicsof Respondents Abstinent at 6-months

Respondents abstinent for at least 7 days at the 6-month
follow-up were more likely than those currently smoking to be
non-Hispanic white (80.00% vs 62.36%, P<.001), less likely
to be Hispanic (6.09% vs 23.36%, P<.001), less likely to have
at least a college education (17.39% vs 31.29%, P=.003), less
likely to have used the website only once (19.13% vs 41.04%,
P<.001), and morelikely to have accessed the BecomeAnEX.org
community page (55.65% vs 35.37%, P<.001). Of respondents
who accessed the BecomeAnEX.org community, those who
were abstinent for at least 7 days at the 6-month follow-up,
visited more often during the study period (mean 31.7, SE 12.7
vs mean 5.26, SE 2.62, P=.045] than those currently smoking
at 6 months . There were no statistically significant differences
by age or gender between those abstinent at the 6-month
follow-up and those currently smoking.

Generalized Estimating Equations M odels: Website
Utilization and Quit Outcomes

Results of the GEE regressions examining the association
between website usage and quit behavior aredisplayed in Table
3. Although there was no statistically significant association
between visits to the website and quit attempts, visits to the
website was positively associated with both 7- and 30-day

Richardson et d

abstinence over timein adjusted analyses (both P<.001). When
the most-accessed Web features were also put into the model
(Model 2), visitsto thewebsite was still significantly associated
with both 7-day (P<.001) and 30-day abstinence (P=.008).
Accessing the cigarette tracker was negatively associated with
quit attempts over time, such that those accessing this feature
more often were less likely to make a quit attempt. Those who
accessed the separation exerciseswere 2 or moretimesaslikely
to make aquit attempt (oddsratio [OR] 2.05, 95% CI 1.00-4.19,
P=.05) as compared to those who did not access these exercises.
For the outcome of 7-day abstinence, those who accessed the
BecomeAnEX.org community once had an increased odds of
7-day abstinence (OR 1.74, 95% CI 1.13-2.67. P=.012), as
compared to those who did not access the community. Thiswas
increased even further among those who accessed the
BecomeAnEX.org community 2 or more times (OR 2.22, 95%
Cl 1.34-3.69, P=.002) Accessing the separation exercises once
(OR 1.58, 95% CI 1.01-2.48, P=.045) or at least twice (OR
1.91, 95% Cl, 1.00-3.65, P=.049) were also significantly related
to 7-day abstinence. Increasesin the odds of 30-day abstinence
were only associated with assessing the BecomeAnEX.org
community at least 2 times (OR 2.42, 95% Cl 1.35-4.34,
P=.003). However, the association between the separation
exercises and abstinence remained borderline significant.

Table 3. Association between website usage and quit behavior over time using generalized estimating equations (GEE).

Regression models Quit attempts

OR (95% Cl)

7-Day abstinence
P OR(9%CI) P

30-Day abstinence
OR (95% CI) P

Model 1 &

Visits to the website”
Model 2 &

Visits to the website”

Use of Community feature
1vsO0times
22 vsO0times

Use of Cigarette Tracker feature
1vsO0times
22 vsO0times

Use of Beat Triggers exercise feature
1vsO0times
22 vsO0times

Use of Separation exercise feature
1vsOtimes

>2 vs0times

1.09 (0.94-1.28)

1.10 (0.88-1.38)

0.79 (0.53-1.17)
1.06 (0.62-1.83)

0.62 (0.40-0.96)
0.42 (0.22-0.80)

1.36 (0.87 2.14)
1.20 (0.60-2.37)

0.99 (0.65-1.53)
2.05 (1.00-4.19)

26 2.04(1.75-2.39) <001 1.73(147-2.05) <.001
39 1.55(1.26-1.91) <001 1.36(1.08-1.70) .008
24 1.74(1.13-2.67) 01  1.37(0.81-2.30) 24
82 2.22(1.34-3.69) 002 242 (1.35-4.34) .003
.03 1.27(0.48-1.21) 33 0.97(0.56-1.70) 30
01 0.82(0.28-1.01) 55  0.81(0.38-172) 13
18 1.16(0.72-1.89) 54 0.87(0.50-152) 63
61 1.20(0.61-2.36) 60  0.86(0.39-1.88) 70
97 1.58(1.01-2.48) 05  1.67(0.98-2.83) .06
.05 1.91(1.00-3.65) 05  1.99(0.94-4.22) 07

@ All models adjusted for demographics, nicotine dependence, baseline quit attempts, peer smoking, household smoking, motivation to quit, positive
and negative social support, health status, advice to quit from a health care provider, use of at |east one cessation aide, baseline depression, baseline
perceived stress, having a partner who smokes, and frequency of use of the Internet. Model 1 includes all covariates plus visits to the website. Model
2includes all covariates, visits to the website, and use of specific BecomeAnEX.org features.

b Represented as the log of total visits to the BecomeAnEX.org website over the study period.
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Predictors of Website Utilization

The final analysis examined the predictors of website usage
determined in the previous models to be associated with quit
behavior, namely visits to the website and use of the
BecomeAnEX.org community and separation exercises (Table
4). Data show that there were few predictors of website visits.
Visitswerelesslikely among Hispanics (beta coefficient=—0.18,
SE=0.08, P=.03) as compared to non-Hispanic whites, and

increased as function of motivation to quit (beta
coefficient=0.03, SE=0.01, P=.02). Accessing the

BecomeAnEX.org community was predicted by higher
education, positive partner support at baseline (OR 1.06, 95%
Cl 1.01-1.10, P=.02), and motivation to quit (OR 1.26, 95% CI
1.16-1.37, P<.001). Higher reported stress at baseline was also
associated with accessing the community (OR 1.05, 95% CI
1.00-1.11, P=.48). Negative partner support at baseine
decreased the probability of accessing the community (OR 0.91,
95% CI 0.88-0.95, P<.001). There were many predictors of
accessing the separation exercises. Separation exercises were
more likely to be accessed in respondents 18 to 24 years of age,
those with higher education, and those with increased motivation
to quit (OR 1.37, 95% CI 1.25-1.49, P<.001), but lesslikely in
non-Hispanic blacks (OR 0.37, 95% CI 0.25-0.56, P<.001) and

http://www.jmir.org/2013/1/e14/
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those of other race/ethnicities (OR 0.42, 95% Cl 0.20-0.86,
P=.02) as compared with non-Hispanic whites and those with
negative partner support at baseline (OR 0.96, 95% CI 0.93-1.00,
P=.29). Those who had made at least 1 quit attempt (OR 0.73,
95% Cl 0.54-1.00, P=.05) were also less likely to access the
separation exercises, although this was of borderline
significance.

Weighted Analyses

The 7- and 30-day weighted abstinence rates over the study
period were amost identical to the unweighted rates, at 21.83%
and 17.68%, respectively. Results were aso similar on the
measures regarding helpfulness of the website, use of Web
features, and smoking behavior (see Multimedia Appendix 1).
The first GEE regression model (Model 1) examining the
association between website utilization and quit behavior was
similar to the unweighted analyses. However, there were several
differencesin Model 2. Although the association between visits
to the website and both 7-day abstinence (OR 1.75, 95% CI
1.35-2.28, P<.001) and 30-day abstinence (OR 1.54, 95% ClI
1.17-2.02, P=.002) was similar, there was no longer a
statistically significant relationship between any of the website
features and quit behavior (see Multimedia Appendix 1).
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Table 4. Demographic characteristics and smoking behavior with use of BecomeAnEX.org website and its associated features (unweighted).

Demographic variables

Visitsto website

Use of the community

Separation exercises

Betacoefficient (SE) P OR (95% Cl) P OR (95% Cl) P
Gender
Male -0.3(0.05) 56 0.88(0.68-1.15) 36  0.75(0.57-0.97) .03
Female REF REF REF
Race/ethnicity
Non-Hispanic white REF REF REF
Non-Hispanic black -0.11 (0.07) 13 0.84(0.58-1.22) 37  0.37(0.25-0.56) <.001
Hispanic -0.18(0.08) 03 0.72(0.44-1.19) 20  0.74(0.46-1.20) 22
Other -0.02(0.13) .85 0.59(0.28-1.22) 16  0.42(0.20-0.86) .02
Age, years
18-24 REF REF REF
25-44 -0.13 (0.08) .10 0.86(0.56-1.32) 48 0.56 (0.37-0.84) .005
45-64 -0.08 (0.08) 32 1.41(0.90-2.22) 14  051(0.32-0.79) .002
265 -0.22 (0.15) 15 0.79(0.34-1.84) .58 0.35(0.15-0.84) .02
Education
Less than high school —0.04 (0.10) 69 1.47(0.82-2.62) .20 0.32 (0.15-0.68) .003
High school diploma/GED REF REF REF
Some College 0.07 (0.06) 20 1.51(1.09-2.10) 01  1.49(1.08-2.06) 02
College degree or more 0.10 (0.07) A7 159 (1.07-2.36) 02 1.80(1.22-2.65) .003
Baseline smoking variables
Past-year quit attempts -0.09 (0.06) 10 0.82(0.60-1.10) 18  0.73(0.54-1.00) .05
Fagerstrom Test for Nicotine Depen- 0.02 (0.02) 46 1.05(0.94-1.18) .36 0.90 (0.80-1.00) .06
dence
Motivation to quit (1-10) 0.03 (0.01) 02 1.26(1.16-1.37) <001 1.37(1.25-1.49) <.001
Use of at least one cessation aide 0.01 (0.05) 90 0.89(0.68-1.17) 40  1.16(0.88-1.52) 29
Health status
Excellent 0.01 (0.14) 93 1.16(0.51-2.64) 73 0.46(0.20-1.04) .06
Very good 0.06 (0.11) 57 1.93(1.02-3.66) .04 0.90 (0.49-1.68) 74
Good 0.08 (0.11) 48 1.62(0.88-2.97) 12 0.91(0.51-1.65) 77
Fair 0.07 (0.11) 56 1.54(0.83-2.88) 98  0.80(0.43-1.47) 47
Poor REF REF REF
Advised to quit from a health care professional  0.04 (0.06) 51 1.33(0.91-1.93) 14 0.90 (0.63-1.29) .58
Baseline sadness -0.02 (0.02) 34 1.00(0.88-1.13) 98 0.94(0.83-1.07) 34
Baseline perceived stress 0.01(0.02) .25 1.05(1.00-1.11) .05 1.01 (0.96-1.07) .69
Baseline partner support (PIQ)
Positive support 0.002 (0.01) .83 1.06 (1.01-1.10) .02 1.02 (0.97-1.06) 48
Negative support -0.008 (0.01) 22 0.91(0.88-0.95) <001 0.96 (0.93-1.00) .03
Peer smoking -0.01 (0.02) 59 1.03(0.95-1.11) 55  1.04(0.96-1.13) 32
Has a partner who smokes -0.08 (0.05) .89 0.85(0.63-1.14) 27 0.95(0.71-1.28) 76
Household smoking -0.04 (0.05) 45 1.04(0.79-1.37) 80  0.87(0.66-1.14) 32
Frequency of use of the Internet® -0.03(0.03) 33 0.92(0.76-1.12) 42 116(0.96-1.40) 12

@M odeled as a continuous variable, the higher the number, the less often they use.
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Discussion

This observational prospective study adds to the growing body
of literature examining the effectiveness of an interactive
Web-based smoking cessation intervention in promoting quit
behavior and presents new information on factors predicting
genera utilization and use of specific features of this website.
Abstinence rates were approximately 20.68% for 7-day and
18.35% for 30-day abstinence at 6 monthsin both weighted and
unweighted analyses, and 11.13% and 9.87% for 7- and 30-day
abstinenceintheITT analysis. These rates were similar to quit
rates achieved in other Web-based smoking cessation
interventions[18] and highlight theimportance of finding ways
toincreaserepeat visits, engagement, and retention of new users,
both in the general population and those participants involved
in areal-world evaluation study of a Web-based intervention.

Adjusting for a host of demographic factors, smoking history,
and psychosocial variablesthought to potentially influence quit
behavior, the number of visitsto BecomeAnEX.org significantly
predicted both 7- and 30-day abstinence. Even after accounting
for the independent and dtatistically significant effects of
accessing the BecomeAnEX.org community and separation
exercises, number of visitsstill predicted abstinence. Motivation
to quit was akey predictor of visiting the website and accessing
both the community and the separation exercises, whereas
negative partner support decreased the likelihood of accessing
both of these features.

Results presented here are in accordance with several studies
that have reported significant associations between number of
visits to a Web-based smoking cessation intervention and
abstinence [28-32] and build on existing evidence suggesting
the importance of interactive features in promoting cessation
[18,53] as well as other behavioral outcomes.[54-56] Among
thetop features accessed on the website, the BecomeAnEX.org
community most significantly predicted abstinence in the
sample, followed by the separation exercises. The remaining
interactive features—the Cigarette Tracker, Beat Your Triggers
exercises, and the Set a Quit Date feature—did not promote
abstinence. Infact, accessing the cigarette tracker was negatively
associated with quit attempts, potentially because participants
accessing thisfeature were still contempl ating and/or preparing
for a behavior change and not ready to quit. It may work,
therefore, to move someone down the pathway toward behavior
change and/or it may be that other elements are needed in this
feature to prompt a smoker to quit. These findings suggest that
interactivity itself may not be sufficient to change behavior.
Thechallengeisto identify how features such asthe community
and separation exerciseswork to promote abstinence, to consider
whether such features successfully help move smokers at all
stages of behavior change toward making a quit attempt, and
then design Web-based interventions that capitalize on this
information.

Data presented here also suggest that the results achieved in a
study sample may differ from the broader population of
registrants.Although most of the weighted results were similar
to the unweighted results, associations between
BecomeAnEX.org community utilization and abstinence and
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between utilization of the separation exercises and abstinence
werein the same direction, but the effects were not statistically
significant in weighted analyses. This may be because of
underlying differences in motivation to quit between general
registrants and a sample that must go through multiple steps of
recruitment before entering into a study. It could also reflect
differencesin social support between registrants and the sample
that influenced the use of theinteractive features and potentially
could influence how these features promoted cessation.

Maximizing the effectiveness of any cessation intervention is
dependent on reaching the target audience, but also engaging
and motivating the smoker to take concrete steps toward
quitting. Data from this study and others suggest that
engagement may be the key driver of success, but the nature of
engagement and the mechanisms underlying the effectiveness
of engagement in promoting abstinence may differ across
subgroups. For example, data presented here show that those
abstinent at 6 months were more likely to be white, less likely
to be Hispanic, and less likely to be at least college-educated.
The reasons for this are unclear, but may be because of the
layout, design, language, and features embedded in the quit
program. Further research is needed to clarify why certain
populations appear to benefit more than others from this and
other Web-based smoking cessation interventions. Because one
intervention will never appropriately cater to the needs of all
subpopulations, it is essential for nonprofit, for-profit, and
governmental groups to collaboratively develop and promote
complementary and synergistic programs to maximize
effectiveness across the population as awhole.

There are several limitations to this study. First, results are
limited to those respondents who compl eted at least 1 follow-up
survey. Response rates on the follow-up surveys (69.41%,
60.31%, and 53.92% at 1, 3, and 6 months, respectively) were
as good or better than those recorded for many Web-based
studies [20,26,27,29,32,57] (eg, 39.4% online and 38.2% by
telephone [58] and 48% and 45% at 3 and 6 months [59]).
Although GEE was used to maximize the information obtained
from the prospective data, these data support the need to employ
techniques to minimize attrition to provide the most valid
estimates of the intervention’s effectiveness [60-62]. Second,
although software tracked respondents’ activity online, data
presented here are limited to what features the respondent
accessed and do not necessarily indicate full utilization of a
specific feature of the site. For example, they could have
accessed a page on the BecomeAnEX.org community but not
posted or responded to athread. Follow-up studieswill need to
address this further by using more in-depth tracking metrics.
Third, individua-level utilization of the mobile
BecomeAnEX.org site could not be characterized by using the
Omniture SiteCatalyst software. Since the mobile site was not
heavily promoted or used during thetrial, however, itisunlikely
to have significantly biased results. Fourth, it is possible that
the weighting scheme did not entirely correct for differencesin
website utilization, motivation to quit, or smoking behaviors
between the study sample and the larger BecomeAnEX.org
population. However, the demographic variables used for
weighting were shown to be significantly correlated with
motivation to quit, quit attempts, cigarettes per day, and website
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utilization, thereby helping to correct any differencesthat exist
between these populations. Fifth, the study period was only 6
months and outcomes may have changed if respondents were
followed for alonger period of time. Six-month follow-up for
this type of observational study is standard in the literature
[18,37]. Sixth, there was no control group used in this study,
so the overall effectiveness versus placebo could not be
determined. Finally, differences between the study sample and
the larger popul ation of BecomeAnEX.org members may limit
generalizability of the results. These challenges to
generalizability confront any real-world study that focuses on
practical trials from an implementati on-di ssemination research
methods perspective [38,40].

Tobacco use causes nearly 6 million deaths and costs hundreds
of billions of dollars worldwide each year [63]. Interventions
are needed that are low cost, accessible, sustainable, and can
reach large populations [64]. This study adds to the growing
literature that seeks to understand how to maximize the
effectiveness of Web-based smoking cessation interventions.
Itisthefirst observational study that weights the datato obtain
representative estimates of the larger population of website
registrants, thereby addressing a key question of the
effectiveness of Web-based smoking cessation interventionsin
the greater population of users. Thisstudy also employswebsite
tracking software to generate reliable estimates of website

Richardson et d

utilization and also controls for many potential confounders
that are not often considered in such analyses, including stress,
depression, and both positive and negative partner support.
Results suggest that the primary driver of successin Web-based
smoking cessation interventionsis engagement through multiple
visits, and involvement in the community and other interactive
features. Findings emphasize the importance of increasing the
interaction of new userswith other smokerswanting to quit and
finding waysto increase repeat visits and retention. This study
also addresses a key scientific question of the type of smoker
most likely to use and benefit from Web-based smoking
cessation interventions. Data suggest that public health
organizations looking to affect the greatest change in behavior
may achieve maximal results by marketing these resources to
smokers who are highly motivated to quit. Future research
should further examine the variation in effectiveness across
demographic subgroups, how use of interactive features
promotes cessation, mechanisms underlying effectiveness of
these features, whether there are synergies among different
components of the website, and how results gained through
evaluations of Web-based cessation interventions apply to the
greater population of registered users. Thisinformation can help
advance the development and use of Web-based smoking
cessation interventions for the greatest impact on
population-level smoking rates.
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Abstract

Background: The Internet and other eHealth technologies offer a platform for improving the dissemination and accessibility
of psychoeducational programs for youth with chronic illness. However, little is known about the recruitment process and yield
of diverse samplesin Internet research with youth who have a chronic illness.

Objective: The purpose of this study was to compare the demographic and clinical characteristics of youth with Type 1 diabetes
on recruitment, participation, and satisfaction with 2 eHealth psychoeducational programs.

Methods: Youth with Type 1 diabetes from 4 sites in the United States were invited to participate (N=510) with 320 eligible
youth consenting (mean age=12.3, SD 1.1; 55.3% female; 65.2% white; and mean A1C=8.3, SD 1.5). Data for this secondary
analysis included demographic information (age, race/ethnicity, and income), depressive symptoms, and recruitment rates,
including those who refused at point of contact (22.0%), passive refusers who consented but did not participate (15.3%), and
those who enrolled (62.7%). Participation (80% lessons completed) and a satisfaction survey (ie, how helpful, enjoyable) were
also analyzed. Chi-sguare or analysis of variance (ANOVA) analyses were used.

Results: Therewere significant differencesin recruitment rates by income and race/ethnicity such that black, Hispanic, or mixed
race/ethnicity and low-income youth were more likely to refuse passively compared to white and higher-income youth who were
morelikely to enroll (P<.001). Participation in program sessionswas high, with 78.1% of youth completing at least 4 of 5 sessions.
There were no significant differences in participation by program, age, gender, or race/ethnicity. Low-income youth were less
likely to participate (P=.002). Satisfaction in both programswas also high (3.9 of 5). There were significant gender, race/ethnicity,
and income differences, in that girls (P=.001), black, Hispanic, or mixed race/ethnicity youth (P=.02), and low-income youth
(P=.02) reported higher satisfaction. There were no differences in satisfaction by program or age.

Conclusions: Resultsindicate that black, Hispanic, or mixed race/ethnicity youth and low-income youth with Type 1 diabetes
arelesslikely to enroll in Internet-based research than white and higher-income youth; thus, creative recruitment approaches are
needed. Low-income youth were less likely to participate, possibly due to access. However, once enrolled, youth of diverse
race/ethnicity and low-income youth with Type 1 diabetes were as highly satisfied with the eHealth programs as white youth and
those with higher income. Results suggest that eHealth programs have the potential to reach diverse youth and be appealing to
them.
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Introduction

Type 1 diabetes is a common chronic illness in adolescents,
affecting 1 in 400 youths [1]. The racial/ethnicity distribution
of Type 1 diabetes affects primarily white youth in the United
States. Inaseriesof studies, the SEARCH for Diabetesin Youth
research group reported that the prevalence of Type 1 diabetes
in youths is approximately 70% white, 22% Hispanic, and 8%
black [2-4]. Management of Type 1 diabetes is complex,
requiring frequent monitoring of blood glucose levels,
symptoms, and carbohydrate intake. Daily insulin treatment
(3-4 injections/day or infusion from a pump) as well as
meal-to-meal adjustment of insulin dose depending on diet and
activity patterns is required [5]. As youth transition to
adolescence and take on greater responsibility for their Type 1
diabetes management and decision making, adherence to
diabetestasks often deteriorates [6], resulting in family conflict,
psychological distress, and poor metabolic control [7,8].

Psychoeducational programs for youths and family-based
programs have shown to be effective in improving psychosocial
and diabetes-related outcomes [9-11]. Psychoeducational
programs provide education, behavioral skills, and psychosocial
support for young people and their families to learn how to
optimally manage a chronic illness. However, disseminating
and tranglating research-based programs into clinical care has
been challenging because of provider and family time
constraints, aswell as cost [12].

The Internet and other eHealth technologies offer a platform
for improving the dissemination and accessibility of
psychoeducational programs for youth with Type 1 diabetes.
Accessto the Internet isincreasingly available nationwide, with
94% of youth online regularly [13]. Approximately 90% of
young people of all demographic and socioeconomic categories
have access to the Internet [13]. Thus, eHealth interventions
have the potential to reach adiverse group of youths. Programs
provided on the Internet can include psychoeducational content,
interactive learning, immediate feedback, and social networking
[14,15].

Psychoeducational programs delivered via computer-based
Internet access have demonstrated efficacy in youths with
various chronic illnesses, leading to improved knowledge,
symptoms, health outcomes, and quality of life [14,15]. With
respect to youths with Type 1 diabetes, an eHealth
self-management program with afocus on problem solving and
socia networking demonstrated improved self-management
and problem solving in youth who completed the program
compared to a control group [16]. An Internet coping skills
training program, developed by our research team, did not
demonstrate differential improvementsin metabolic control and
diabetes-related outcomes compared to an Internet diabetes
education program, but youths in both groups reported
significantly increased self-care autonomy, higher diabetes

http://www.jmir.org/2013/1/e15/

self-efficacy, and improved overall quality of life over time
[17]. The Internet, therefore, represents a potentially efficient
and effective delivery platform for psychoeducational programs
for youths with Type 1 diabetes and other chronic illnesses.
When evaluated, high satisfaction with eHealth programs have
also been reported [18].

Despite the numerous benefits of eHealth programs for youths
with chronic illnesses, concerns have been raised about the
“digital divide” and Internet access for youths of diverse race
and ethnicity and those living in low-income families. Although
the vast mgjority of youths are online, accessis higher in white
youths and those who live in high-income families[13]. White
youths and youths in high-income families are more likely to
have online access at home (96%) and go online more frequently
compared with black youths (92%), Hispanic youths (87%),
and youths from low-income families (86%) [13]. A positive
relationship between socioeconomic status and computer-based
Internet use has been demonstrated in diverse middle school
students [19] and a diverse pediatric clinic population [20].

Challenges of recruiting youths of diverse race and ethnicities
for research are well established [21,22]. Issues about the
perceived value of research, access to research for families of
al strata of society, and cumbersome informed consent
procedures have been documented [22]. However, littleisknown
about the recruitment process and yield of diverse samplesin
Internet research with youths who have a chronic illness.

In addition to concerns regarding access to eHealth research,
participation in eHealth programs has varied considerably across
studies[14]. For example, in an eHealth program for youth with
asthma, participants did not complete self-monitoring on 60%
of study days[23]. In an eHealth program for depression, only
30% of youths completed 50% or more of the program modules
[24]. In the eHealth problem-solving program for youth with
Type 1 diabetes, the mean number of modules completed was
5.22 (of 8), with only 63% of youths completing all modules
[18]. Participation in eHealth programs for youths typically
decreases over the course of the study [23,25] and higher
participation has been associated with more positive outcomes.
For example, school-aged youthswho had greater participation
in an eHealth obesity prevention program demonstrated
improved outcomes compared to youths with less participation
[26]. A structured environment (ie, school vs home) may
improve youth participation in eHealth programs. Youths who
participated in a school-based eHealth program for depression
had almost a 10-fold higher completion rate for modules and
program exercises compared to youths who participated in the
same program delivered as open access online [27].

Factors associated with eHealth program participation have
begun to be identified. Girls have demonstrated greater
participation compared to boys [18,27]. Increased depressive
symptoms may also influence participation, although this effect
may vary depending on the characteristics of the program,

JMed Internet Res 2013 | val. 15 | iss. 1 [e15 | p.76
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.2170
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

severity of symptoms, and the type of chronic illness. For
example, in one study evaluating an eHeath program for
depression treatment, less participation was reported in youths
with higher depressive symptoms at baseline [24]. In contrast,
in another study evaluating an eHealth depression prevention
program, the authorsreported that youth with higher depressive
symptoms had greater participation in the program [28].

In summary, recruitment, participation, and satisfaction with
eHealth programs have the potential to influence eHealth
program outcomes and generalizability of results. Yet, little
research has been undertaken to systematically evaluate the
recruitment, participation, and satisfaction of eHealth programs.
Therefore, the purpose of this study was to compare the
demographic and clinical characteristics of youth with Type 1
diabetes on recruitment, participation, and satisfaction with 2
eHealth psychoeducational programs. Specifically, recruitment,
participation, and satisfaction were compared by age, gender,
race/ethnicity, household income, metabolic control, and
depressive symptoms.

Method

The current study isasecondary analysisof datafromaclinical
trial evaluating the effect of an Internet coping skills training

Whittemore et al

program (TEENCOPE) compared to an I nternet diabetes health
education program (Managing Diabetes) for youth with Type
1 diabetes. Each program consisted of 5 sessions with content
tail ored to adolescents with Type 1 diabetes. TEENCOPE used
a cast of ethnicaly diverse characters (youth with Type 1
diabetes) and a graphic novel format to model common
problematic social situations (ie, parent conflict) and different
coping skillsto solvethe problems (Figures 1 and 2). Managing
Diabetes used visuals and a highly interactive interface that
allowed adolescents to actively problem-solve diabetes
self-management situations (Figure 3 and 4) [29].

A convenience samplewas recruited from 4 university-affiliated
clinical sitesthat included Children’sHospital of Pennsylvania,
Philadelphia, PA; University of Arizona, Tucson, AZ; University
of Miami, Miami, FL; and Yale University, New Haven, CT.
Inclusion criteria were: youth diagnosed with Type 1 diabetes
for a least 6 months, aged 11 to 14 years, with no other
significant medical problem, school grade appropriate to age
within 1 year, able to speak and write English, and access to
high-speed Internet at home, school, community, or clinic.

Figure 1. TEENCOPE screenshot displaying home page image, which is updated as teen progresses through the program.

Home
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Figure 2. TEENCOPE screenshot displaying graphic novel format for conflict resolution segment.
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Figure 3. Managing Diabetes screenshot displaying webpage for nutrition segment.
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Dietary fat is an important part of a healthy diet, but some fats are
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fats.
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Bad fats:
m Saturated fats
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Figure 4. Managing Diabetes screenshot displaying problem-solving questions for glucose control segment.

Procedures

Ingtitutional Review Boards at all clinical sites approved the
study. Youth and parents were approached in the clinic setting
and informed consent/assent was obtained by trained research
personnel. Demographic data were completed by parents at
enrollment and email communication was subsequently
established with the youth. The youth were sent a link to a
password-protected data collection website, and parents were
notified of this communication. Internet sites were password
protected with all data encrypted and stored on a secure server
with hardware and software firewalls. If the youth did not
complete online data collection within 1 week, the youth and
parents were called approximately 3 times over al- to 2-month

http://www.jmir.org/2013/1/e15/
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RenderX

period as areminder. Several (2-4) emails and a postcard were
also sent during that timein an attempt to re-engage the family.
If online data collection was not completed within 3 months,
the youth were considered to be passively refusing study
participation.

Upon completion of baseline data collection, an automated
email was sent to the youths and their parents/guardians to
identify their group assignment and provide a link to the
appropriate program. (Group assignment was previously
determined by randomization of study identification numbers
in blocks of 10 to either TEENCOPE or Managing Diabetes.)
A unique password was provided to each participant and they
were instructed to change this password the first time they
logged on to the program. Each program had 5 sessions that
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were released weekly and took approximately 30 minutes to
complete.

A protocol was implemented to enhance participation.
Participants were contacted by phone after the first session was
released to ensure that they had received the email and were
ableto accessthe program. If ayouth did not complete asession
within 1 week, weekly email, phone, or postcard reminderswere
sent. Parentswere contacted by email if youthsdid not complete
a lesson after 3 weeks. Participants received a gift card (US
$25-$30) for completion of online questionnaires evaluating
program efficacy.

Data Collection

Data for this analysis included demographic, recruitment,
participation, satisfaction data, and depressive symptoms.
Demographic data included gender, age, race/ethnicity, and
household income. Recruitment was categorized into 3 groups:
(2) refusal at point of contact (refused), (2) those who consented
but never established email communication with research
personnel or did not complete baseline data (passive refusal),
and (3) those who participated (enrolled). Data were not
available on income and race/ethnicity for youths who refused
at the point of contact. Participation in the Internet programs
was categorized into 2 groups: participants who completed the
goal of at least 80% of sessions (4 of 5) and participants who
completed less than 80% of sessions.

Satisfaction was eval uated with a 6-item survey on how helpful,
enjoyable, engaging, easy to use, and worthwhile the program
was, aswell as how much the skills were practiced. Items were
rated on a 5-point Likert scale with higher scores indicative of
higher satisfaction (1=not at all; 5=very satisfied). Cronbach
alphain this ssmple was .73.

Metabolic control was measured with glycosylated hemoglobin
(A1C), an estimate of the adolescent’s glycemic control over
the past 8 to 12 weeks. The American Diabetes Association
(ADA) recommendation for children aged 6 to 12 yearsisless
than 8% [5].

Depressive symptoms were measured with the Children’s
Depression Inventory (CDI), a self-report inventory for youth
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with items on mood, vegetative functions, and interpersonal
behaviors [30]. It contains 27 multiple-choice items that yield
total scores from O to 54. The item that addresses suicidal
ideation was eliminated because of the inability to respond
immediately to a positive endorsement through the Internet.
Higher scoresreflect ahigher number of symptoms. Youth who
scored above the threshold for depression (=12) were contacted
by aqualified study staff member (psychologist, nurse, or social
worker) who conducted a depression assessment and made
appropriate referrals. Cronbach alphain our sample was .90.

Data Analytic Plan

To test for demographic differences in recruitment and
participation, Chi-sguare analyses were conducted to compare
categories of recruitment and participation by gender, age,
income level, and race/ethnicity. Participation was also
compared by metabolic control (A1C within the recommended
range, <8% above the recommended range) and depressive
symptoms (high CDI score 212, normal CDI score <12). To
test for demographic differencesin satisfaction, t testsor 1-way
analyses of variance (ANOVA) were conducted.

Results

Description of Sample

A total of 518 youth were initially approached to participate in
the study. Eight of those teens participated in the study, but
were excluded from analysis dueto ineligibility. A total of 320
(62.7%) eligible teens enrolled in the study, 112 (22.0%)
refused, and 78 (15.3%) passively refused (Figure 5). Reasons
for refusal included no interest (n=63, 56.3%), time (n=19,
17.0%), lack of easy access to Internet (n=8, 7.1%), and
unknown (n=22, 19.6%).

The mean age was 12.3 years (SD 1.1) and 177 (55.3%) of the
sample were female (see Table 1). A total of 204 (65.2%) were
non-Hispanic white and 109 (34.8%) were black, Hispanic, or
other. Overall, approximately half of the sample (n=165, 52.5%)
were above the recommended range for metabolic control
(A1C>8%). Intermsof depressive symptoms, 53 (16.6%b) scored
above the clinical cutoff for depression on the CDI (=12).
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Table 1. Sample demographics of teen participants (N=320).
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Characteristic Participants
Age (years), mean (SD) 12.3(1.1)
Duration of diabetes (years), mean (SD) 6.1(3.5)
Gender, n (%)

Male 143 (44.7)

Female 177 (55.3)
Race/ethnicity, n (%) 2

White/non-Hispanic 204 (65.2)

Black/Hispanic/other 109 (34.8)
Annual household income (US $), n (%) 2

<$40,000 65 (21.0)

$40,000 - $79,999 87 (28.2)

>$80,000 157 (50.8)
Insulin therapy, n (%) 2

Pump 189 (59.1)

Injection (basal) 77 (24.1)

Injection (conventional) 51 (15.9)
A1C>8%, n (%)2 165 (52.5)
CDI212, n (%) 53 (16.6)

8Thetotals for these variables do not equal 320 because some participants chose not to answer these questions or datawere not available. Percentages

represent valid percent.

Recruitment

Chi-sguare analyses were used to test for demographic
differences by recruitment category (see Table 2). There were
no significant differences in recruitment category by gender

(x?,=4.0, P=.14) or age group (11-12 vs 13-14; x°,=2.3, P=.31).
There was, however, a significant difference for race/ethnicity
(x%=34.3, P<.001) with respect to enrollment. White youth

were more likely to enroll and less likely to passively refuse,
whereas black, Hispanic, or mixed race/ethnicity youth were

http://www.jmir.org/2013/1/e15/
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less likely to enroll and more likely to passively refuse. There
wasalso asignificant difference by income (x,=30.5, P<.001),
with teens from the lowest income category (annual household
income <US $40,000) less likely to enroll and more likely to
passively refuse than teens from the higher-income categories
(annual household income >US $40,000). It is important to
mention that data were not available on race/ethnicity and
incomefor all recruitment categories; datawere unavailable on
the race/ethnicity and income of youth who refused at the point
of contact.
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Table 2. Demographic differences by for participants who enrolled (n=320), those who refused at point of contact (n=112), and those who refused
after consent (n=78) of the total 510 eligible youth who were approached to participate.

Characteristic Enrolled Refused at point of  Refused after consent  Chi-square P
n (%) contact? n (%) X2 (df)
n (%)
Gender
Male 143 (44.7) 57 (23.8) 40 (16.7) 4.0(2) 14
Femae 177 (55.3) 46 (17.6) 38 (14.6)
Total® 320 (63.9) 103 (20.6) 78 (15.6)
Race
Black 25 (8.0) — 13(16.8) 34.3(6) <.001
Hispanic 59 (18.8) — 30 (39.0)
White 204 (65.2) — 27(35.1)
Biracia or multiracial 25(8.0) — 7(9.2)
Total® 313(80.3) — 77 (19.7)
Household income (US $)
<$40,000 65 (21.0) — 35(35.0) 305(4) <.001
$40,000-$80,000 87(28.2) — 20 (18.7)
>$80,000 157 (50.8) — 18 (10.3)
Total® 309 (80.9) — 73(19.2)
Agegroup
11-12 years 185 (57.8) 53 (49.5) 45 (15.9) 23(2) 31
13-14 years 135 (42.2) 54 (50.5) 33(14.9)
Total® 320 (63.4) 107 (21.2) 78 (15.4)

8 Data about race/ethnicity and income not available for this group.
b Percentage noted is valid percent, taking into account missing data.

Participation
Participation in the Internet programs was high, with 250
(78.1%) of youth completing at least 4 of 5 sessions, 39 (12.2%)
completing 1 to 3 sessions, and 31 (9.7%) completing no
sessions. The mean number of sessions completed was 4.08
(SD 1.64) across both groups. There was no significant
difference in participation between groups;, 129 teens in
TEENCOPE participated (completed at least 80% of sessions)
at arate of 77.2%, whereas 121 teens in Managing Diabetes

participated at arate of 79.1% (x2,=0.2, P=.69).

Results of the Chi-square analyses to test for demographic
differences by participation are provided in Table 3. There was

no significant difference by gender (x?,=1.0, P=.31),
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race/ethnicity (x%=3.1, P=.37), or age group (x*=3.1, P=.08).
There was a significant difference for income (x%,=12.6,
P=.002), with those in the lowest income category (annual
household income <US $40,000) less likely to participate, and
thosein the highest income category (annual household income
>US $80,000) most likely to participate. There was no
significant difference in participation for metabolic control;
adolescents who had an A1C below the recommended cutoff
(<8%) were no more likely to participate than those above the
cutoff (x?,=0.2, P=.63). Lastly, depressive symptoms (CDI
score) were significantly related to participation (x21=3.9,
P=.05); youth who scored abovethe clinical cutoff on depressive
symptoms (=12) werelesslikely to complete 4 or more sessions
than those who scored in the normal range.
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Table 3. Demographic differences in participation for participators (completed at least 4 sessions or 80%) and nonparticipators (completed <80% of

sessions).
Characteristic Participator Nonparticipator Chi-square P
n (%) n (%) X (df)

Gender
Male 108 (43.2) 35 (50.0) 1.0(1) 31
Female 142 (56.8) 35 (50.0)
Total® 250 (78.1) 70 (21.9)

Race
Black 20(8.2) 5(7.2) 31(3) .37
Hispanic 46 (18.9) 13 (18.8)
White 162 (66.4) 42 (60.9)
Biracial or multiracial 16 (6.6) 9(13.0)
Total® 244 (78.0) 69 (22.0)

Agegroup
11-12 years 151 (60.4) 34 (48.6) 31(1) .08
13-14 years 99 (39.6) 36 (51.4)
Total? 250 (78.1) 70 (21.9)

Household income (US $)
<$40,000 41(17.2) 24 (34.8) 12.6 (2) .002
$40,000-$80,000 66 (27.4) 21(30.4)
>$80,000 133 (55.4) 24 (34.8)
Total® 240 (77.7) 69 (22.3)

Al1C
Recommended (<8%) 118 (48.2 31(44.9) 0.2(1) 63
High (>129%) 127 (51.8) 38(55.1)
Total® 245(78.0) 69 (22.0)

CDI
Normal (<12) 214 (85.6) 53(75.7) 39(1) .05
High (>12) 36 (14.4) 17 (24.3)
Total® 250(78.1) 70 (21.9)

8The total number is different by category, due to missing data; some participants chose not to answer questions about race/ethnicity and income.

b Total percentages are valid percent, accounting for missing data.
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Figure5. Consort flow diagram.

Satisfaction

Satisfaction was high with both programs, with no significant
difference between groups. The mean satisfaction score was
3.97 (SD 0.71) for TEENCOPE and 3.89 (SD 0.56) for
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Managing Diabetes. There were significant gender,
race/ethnicity, and income differences, in that girls (t,g,=3.28,
P=.001), black, Hispanic, or mixed race/ethnicity (t;g5=2.42,
P=.02), and low-income youth (F, 5,,=3.80, P=.02) reported
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higher satisfaction. There was no difference in satisfaction by
age or depressive symptoms.
Summary

Results of the analysis are summarized in Table 4. Lower
enrollment rates were demonstrated in youth with Type 1

Whittemore et al

diabetes who were black, Hispanic, or of mixed race/ethnicity,
and of lower income. Lower participation was demonstrated in
youth from low-income families. Higher satisfaction was
reported by girls, lower-income youth, and black, Hispanic, or
mixed race/ethnicity youth.

Table4. Statistically significant comparisons of recruitment category, participation, and satisfaction by demographic characteristics.

Outcome P values
Gender Age Race/ethnicity Income
Recruitment/enrollment — — <.001 <.001
Participation — — — .002
Satisfaction <.001 — .02 .02
Discussion staff) [32], rather than out of a desire to participate.

The 2 psychoeducational eHealth programsfor youth with Type
1 diabetes in our study were able to reach a diverse sample,
reflective of national prevalence estimates. Overall, there was
high participation and satisfaction with the 2 programs. Given
the huge influx of eHealth interventions designed for pediatric
populations, it is important to understand who they are likely
to reach and benefit. Results from the current study highlight
demographic  differences in  recruitment/enrollment,
participation, and satisfaction with psychosocia and educational
eHealth programs for youth with Type 1 diabetes. Results
indicate that black, Hispanic, or mixed race/ethnicity youth with
Type 1 diabetes are less likely to enrall in Internet-based
research than white youth; thus, creative recruitment approaches
are needed. Lower-income youth were also less likely to
participate than higher-income youth, possibly dueto problems
with access. However, once enrolled, black, Hispanic, or mixed
race/ethnicity youth and lower-income youth with Type 1
diabetes were as highly satisfied or more satisfied with the
eHealth programs as white youth and higher-income youth.
These results support the idea that eHealth programs designed
for pediatric populations have the potential to reach diverse
youth and be appealing to them.

Overall, the rate of enroliment in the study (63%) was average
for youth psychoeducational research, which ranges from 49%
to 73% [10,21]. The magjority of youth who declined
participation at the point of contact indicated that they were not
interested in the study. As we have shown in a previous study,
youth and their families may be less likely to participate in a
preventive intervention of thistype before the onset of puberty
when poorer metabolic control iscommon[31]. Very few youth
indicated that lack of Internet access was a reason for not
participating, but they may not have wanted to disclose their
lack of Internet access to the clinical or research personnel.

There were no differencesin recruitment category with respect
to gender or age. Therewere, however, significant demographic
differences in enrollment, with black, Hispanic, or mixed
race/ethnicity and lower-income youth more likely to passively
refuse, and white youth more likely to enroll. It is possible that
black, Hispanic, or mixed race/ethnicity and lower-incomeyouth
consent to take part in studies because they feel pressure to
please arespected individual (eg, health care providers, research
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Alternatively, given that black, Hispanic, or mixed race/ethnicity
and low-income youth are less likely to be online than white
youth [13], youth who passively refused may have had problems
with Internet access. In addition, some of the families who had
Internet service at the time of enrollment may have later lost or
canceled the service because of financial difficulties. These
problems with passive refusal (ie, youth who consented to
participate but never completed baseline data) are similar to
another Internet study with a pediatric population that also was
unable to contact some youth after initial consent [33]. Rates
of passiverefusal in other studies evaluating an eHealth program
in youth have ranged from 13% to 40% [18,34-36].

The pattern of results for participation is somewhat different
from enrollment; there were no significant differences in
race/ethnicity for participation, but there was a significant
difference by income. Youth in the lowest income category
(family income <US $40,000 year) were significantly lesslikely
to participate than those in the higher-income categories. Again,
lower levels of participation may reflect problemswith Internet
access. Previous studies have shown that lower-income families
are less likely to have a home computer and home Internet
access [20]. Similarly, lower-income youth report going online
less often than higher-income youth; 39% of lower-income
teens go online daily vs 75% of higher-income teens [37].
Further, teens from lower-income families are more likely to
use the Internet at school, whereas 99% of those from
higher-income families access the Internet at home [37]. Thus,
it may be less convenient for lower-income teens to participate
in eHealth programs than higher-income teens.

Providing options for participation in eHealth programs at
schools and clinics may enhance participation. Yet, none of the
participants in this study took advantage of Internet access at
the clinic for program participation, despite it being offered.
Development of eHealth programs for youth in the future may
need to use multiple platforms, such as the Internet and
smartphones. Currently, 75% of adolescents have cell phones
[37]. Latino and black youth are more likely than white youth
to accessthe Internet by cell phone[37]; thus, eHealth programs
that are able to be viewed on both the Internet and smartphones
may reach more youth of diverse races/ethnicities.
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A number of eHealth programs provided on mobile phoneswith
text messaging or smartphone applications have been devel oped
for youth with Type 1 diabetes to enhance blood glucose
monitoring [34,38,39] and/or diabetes treatment [40-42].
Improvementsin blood glucose monitoring [34] and adherence
[41] have been demonstrated. M etabolic control improved only
in programs that provided additional components, such as
intensive diabetestreatment [41] or behavioral contracting [38].
Studies have primarily been small, 1-group pilot studies, and
participation and satisfaction have not been consistently
reported. When reported, the reach of the program to youth of
diverse races/ethnicities has been low [41], participation has
been variable [34,40], and satisfaction has been high [34,40].

Limited literature is available on strategies to promote greater
engagement of youth in behavioral interventions, with even less
information on the use of the Internet and mobile technologies
for minority and low-income youth. Designers of eHealth
programs have identified that involving targeted users in the
design and development of programs is critical to enhancing
user experience and acceptability [43]. It has been proposed
that 80% of the impact of an eHealth program is determined
during the design phase [44]. Thus, including youth of diverse
races and ethnicitiesin the design and development of eHealth
programs appears critical. The use of social media has also been
successful in engaging diverse youth in health promotion content
by using interactive blogging, connection with others, and
creative expression [45]. From the perspectives of African
American youth, some evidence supports the value of parental
modeling and socia support to encourage participationin certain
behavioral interventions [46]. Parents of black, Hispanic, or
mixed race/ethnicity youth may be key to enlisting their young
adolescents' interest in future eHealth programs. Researchers
need to understand parental views on the advantages, safety,
and potential health benefits to having their adolescents
participate. Novel approaches for obtaining information on
parental level of enthusiasm regarding a proposed eHealth
investigation through in-person or Skype focus groups could
aid in the design of future investigations with minority groups.

Interestingly, our results on satisfaction indicated that black,
Hispanic, or mixed race/ethnicity youth and |ower-income youth
were more satisfied with the program than higher-income and
white youth. These high levels of satisfaction are likely a
reflection of the inclusion of a culturally diverse “cast” of
characters in the program and developmentaly appropriate
topics and examples. Addressing cultural issues has been shown
to foster adherence [47]. Further, we included input from teens
at every stage of the program development and paid careful
attention to the usahility of the program [48]. Finally, we kept
text to aminimum, which ismore appealing to youth, especially
those with low health literacy [49]. Girls were also more
satisfied than boys, which may reflect their interest in behavioral
topics (ie, interpersonal skills). It has also been hypothesized
that girls may respond more to a cognitive-behavioral program
based on social learning theory [50].

Finaly, there were differences in participation related to
depressive symptoms, such that teens who scored above the
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clinical cutoff were less likely to participate than those who
scored below the cutoff. The presence of depressive symptoms
may negatively impact motivation for many youth, which has
been shown in aprevious study of an eHealth smoking cessation
program [27]. Youth with higher depressive symptoms may be
more likely to participate in programs that they believe will
help with their depression [28].

Limitations

This study provides important new information regarding the
role of demographic factors in the study of eHealth programs,
but there are severa limitations. First, it is important to
acknowledge that many youth in our study needed promptsand
reminders from research staff to achieve a high level of
participation. Further, we did not have data on race/ethnicity
and household income for the familieswho did not enroll in the
study. Finally, although the sample was diverse, race/ethnicity
and incomewere highly correlated; only 23% of the high-income
youth were not white, making it difficult to determine the
relative effect of race/ethnicity and income on participation and
satisfaction.

Directions for Future Research

With the move toward more use of eHealth interventions, it is
increasingly important to design programs to maximize
recruitment and retention. Although findings from the current
study provide important information regarding the demographic
factors that are important to consider, future studies are till
needed to tease apart the different effects of race/ethnicity and
income. Better reporting on recruitment yield (including number
approached, ineligible, refused at point of contact, and passively
refused) and demographic characteristics of participants and
nonparticipants of eHealth programsisneeded [51]. In addition,
more consistent reporting of youth participation and satisfaction
in eHealth research, aswell asreasonsfor refusal areindicated.
Recently, a CONSORT eHealth checklist has been published
which identifies intended dose and actual dose as well as
participant usage over time asimportant datato report in eHealth
clinical trials[52]. Community participatory research strategies
to elicit personal perspectives of parents and teensfrom diverse
economic and racial/ethnic backgrounds are needed when
designing future eHealth technologies to promote diabetes
management. Finally, research on factors that influence youth
participation and satisfaction with eHealth programs, including
platform for Internet access (ie, home vs smartphone), is also
needed.

Conclusion

As an innovative approach, the use of eHealth programs can
improve access to psychoeducational programs for youth of
diverseraces/ethnicities, socioeconomic status, and with varying
chronic illnesses. It is critical that eHealth interventions reach
the targeted population to maximize external validity and
generalizability of study results. More evaluation of the
recruitment, participation, retention, and satisfaction of youth
of diverserace/ethnicity and their parentsis essential and needed
for wider dissemination of future eHealth research.

JMed Internet Res 2013 | val. 15 | iss. 1 [e15 | p.87
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Whittemore et &

Acknowledgments

Thisresearch was supported by grant number RO1-NR04009 from the National Institute of Nursing Research (principal investigators
Grey and Whittemore). Special acknowledgment to Heather Jacobs, RN, MPH; Caitlin Paul, BA; and Lauren Liberti, MS, for
their assistance in preparation of this manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Consort e-health checklist [52].

[PDF File (Adobe PDF File), 52KB - jmir_v15i1e15_appl.pdf ]

References

1. SEARCH for Diabetesin Youth Study Group, Liese AD, D'Agostino RB, Hamman RF, Kilgo PD, Lawrence JM, et al.
The burden of diabetes mellitus among US youth: prevalence estimates from the SEARCH for Diabetesin Youth Study.
Pediatrics 2006 Oct;118(4):1510-1518 [FREE Full text] [doi: 10.1542/peds.2006-0690] [Medline: 17015542]

2.  Bdl RA, Mayer-Davis EJ, Beyer JW, D'Agostino RB, Lawrence JM, Linder B, SEARCH for Diabetes in Youth Study
Group. Diabetesin non-Hispanic white youth: prevalence, incidence, and clinical characteristics: the SEARCH for Diabetes
in Youth Study. Diabetes Care 2009 Mar;32 Suppl 2:5102-S111 [FREE Full text] [doi: 10.2337/dc09-S202] [Medline:
19246575]

3. Lawrence M, Mayer-Davis EJ, Reynolds K, Beyer J, Pettitt DJ, D'Agostino RB, SEARCH for Diabetes in Youth Study
Group. Diabetesin Hispanic American youth: prevalence, incidence, demographics, and clinical characteristics: the SEARCH
for Diabetesin Youth Study. Diabetes Care 2009 Mar;32 Suppl 2:5123-S132 [FREE Full text] [doi: 10.2337/dc09-S204]
[Medline: 19246577]

4. Mayer-DavisEJ, Beyer J, Bell RA, Dabelea D, D'Agostino R, Imperatore G, SEARCH for Diabetesin Youth Study Group.
Diabetesin African American youth: prevalence, incidence, and clinical characteristics: the SEARCH for Diabetesin Youth
Study. Diabetes Care 2009 Mar;32 Suppl 2:S112-S122 [FREE Full text] [doi: 10.2337/dc09-S203] [Medline: 19246576]

5. American Diabetes Association. Standards of medical carein diabetes--2012. Diabetes Care 2012 Jan;35 Suppl 1:511-S63.
[doi: 10.2337/dc12-s011] [Medline: 22187469]

6.  Anderson BJ, Vangsness L, Connell A, Butler D, Goebel-Fabbri A, Laffel LM. Family conflict, adherence, and glycaemic
control in youth with short duration Type 1 diabetes. Diabet Med 2002 Aug;19(8):635-642. [Medline: 12147143]

7.  Anderson BJ, Holmbeck G, lannotti RJ, McKay SV, Lochrie A, Volkening LK, et al. Dyadic measures of the parent-child
relationship during the transition to adolescence and glycemic control in children with type 1 diabetes. Fam Syst Health
2009 Jun;27(2):141-152 [FREE Full text] [doi: 10.1037/a0015759] [Medline: 19630455]

8.  Ingerski LM, Anderson BJ, Dolan LM, Hood KK. Blood glucose monitoring and glycemic control in adolescence: contribution
of diabetes-specific responsibility and family conflict. J Adolesc Health 2010 Aug;47(2):191-197 [FREE Full text] [doi:
10.1016/j.jadoheal th.2010.01.012] [Medline: 20638012]

9.  AndersonBJ, Brackett J, Ho J, Laffel LM. An office-based intervention to maintain parent-adol escent teamwork in diabetes
management. Impact on parent involvement, family conflict, and subsequent glycemic control. Diabetes Care 1999
May;22(5):713-721 [FREE Full text] [Medline: 10332671]

10. Grey M, Boland EA, Davidson M, Li J, Tamborlane WV. Coping skills training for youth with diabetes mellitus has
long-lasting effects on metabolic control and quality of life. J Pediatr 2000 Jul;137(1):107-113. [doi:
10.1067/mpd.2000.106568] [Medline: 10891831]

11. Wysocki T, Harris MA, Buckloh LM, Mertlich D, Lochrie AS, Mauras N, et a. Randomized trial of behavioral family
systems therapy for diabetes. maintenance of effects on diabetes outcomes in adolescents. Diabetes Care 2007
Mar;30(3):555-560. [doi: 10.2337/dc06-1613] [Medline: 17327320]

12. Barlow JH, Ellard DR. Psycho-educational interventionsfor children with chronic disease, parentsand siblings: an overview
of the research evidence base. Child Care Health Dev 2004 Nov;30(6):637-645. [doi: 10.1111/].1365-2214.2004.00474.X]
[Medline: 15527474]

13. Pew Internet. Trend datafor teens. Washington, DC: Pew Internet & American Life Project; 2009. URL : http://pewinternet.
org/Static-Pages/Trend-Data-(Teens).aspx [accessed 2012-12-19] [WebCite Cache ID 6D24tgmBK]

14. Stinson J, Wilson R, Gill N, Yamada J, Holt J. A systematic review of internet-based self-management interventions for
youth with health conditions. J Pediatr Psychol 2009 Jun;34(5):495-510 [FREE Full text] [doi: 10.1093/jpepsy/jsn115]
[Medline: 19029142]

15. Ritterband LM, Gonder-Frederick LA, Cox DJ. Internet interventions: in review, in use, and into the future. Professional
Psychology: Research and Practice 2003;34(5):527-534. [doi: 10.1037/0735-7028.34.5.527]

http://www.jmir.org/2013/1/e15/ JMed Internet Res 2013 | val. 15 |iss. 1 |e15 | p.88
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i1e15_app1.pdf&filename=ad8d108e03fe83bc07173f801716711a.pdf
https://jmir.org/api/download?alt_name=jmir_v15i1e15_app1.pdf&filename=ad8d108e03fe83bc07173f801716711a.pdf
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=17015542
http://dx.doi.org/10.1542/peds.2006-0690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17015542&dopt=Abstract
http://europepmc.org/abstract/MED/19246575
http://dx.doi.org/10.2337/dc09-S202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19246575&dopt=Abstract
http://europepmc.org/abstract/MED/19246577
http://dx.doi.org/10.2337/dc09-S204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19246577&dopt=Abstract
http://europepmc.org/abstract/MED/19246576
http://dx.doi.org/10.2337/dc09-S203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19246576&dopt=Abstract
http://dx.doi.org/10.2337/dc12-s011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22187469&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12147143&dopt=Abstract
http://europepmc.org/abstract/MED/19630455
http://dx.doi.org/10.1037/a0015759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19630455&dopt=Abstract
http://europepmc.org/abstract/MED/20638012
http://dx.doi.org/10.1016/j.jadohealth.2010.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20638012&dopt=Abstract
http://care.diabetesjournals.org/cgi/pmidlookup?view=long&pmid=10332671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10332671&dopt=Abstract
http://dx.doi.org/10.1067/mpd.2000.106568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10891831&dopt=Abstract
http://dx.doi.org/10.2337/dc06-1613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17327320&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2214.2004.00474.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15527474&dopt=Abstract
http://pewinternet.org/Static-Pages/Trend-Data-(Teens).aspx
http://pewinternet.org/Static-Pages/Trend-Data-(Teens).aspx
http://www.webcitation.org/6D24tqmBK
http://jpepsy.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19029142
http://dx.doi.org/10.1093/jpepsy/jsn115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19029142&dopt=Abstract
http://dx.doi.org/10.1037/0735-7028.34.5.527
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Whittemore et &

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.
31.

32.

33.

35.

36.

Mulvaney SA, Rothman RL, Wallston KA, Lybarger C, Dietrich M S. An internet-based program to improve self-management
in adolescents with type 1 diabetes. Diabetes Care 2010 Mar;33(3):602-604 [ FREE Full text] [doi: 10.2337/dc09-1881]
[Medline: 20032275]

Whittemore R, Jeon S, Jaser SS. Abstracts of the 37th Annual Meeting of the International Society for Pediatric and
Adolescent Diabetes (ISPAD). October 19-22, 2011. Miami Beach, Florida, USA. Pediatr Diabetes 2011 Oct;12 Suppl
15(suppl 15):1-152. [doi: 10.1111/].1399-5448.2011.01816.x] [Medline: 21978093]

Mulvaney SA, Rothman RL, Osborn CY, Lybarger C, Dietrich MS, Wallston KA. Self-management problem solving for
adolescents with type 1 diabetes: intervention processes associated with an Internet program. Patient Educ Couns 2011
Nov;85(2):140-142 [FREE Full text] [doi: 10.1016/j.pec.2010.09.018] [Medline: 21030194]

Sun P, Unger JB, Palmer PH, Gallaher P, Chou CP, Baezconde-Garbanati L, et al. Internet accessibility and usage among
urban adolescentsin Southern California: implications for web-based health research. Cyberpsychol Behav 2005
Oct;8(5):441-453. [doi: 10.1089/cpb.2005.8.441] [Medline: 16232037]

Carroll AE, RivaraFP, Ebel B, Zimmerman FJ, Christakis DA. Household computer and Internet access: The digital divide
inapediatric clinic population. In: AMIA Annu Symp Proc. 2005 Presented at: AMIA Annu Symp Proc; 2005 p. 111-115
URL: http://europepmc.org/abstract/MED/16779012

Diviak KR, Wahl SK, O'Keefe JJ, Mermelstein RJ, Flay BR. Recruitment and retention of adolescentsin asmoking trajectory
study: who participates and lessons learned. Subst Use Misuse 2006;41(2):175-182. [doi: 10.1080/10826080500391704]
[Medline: 16393741]

Hinshaw SP, Hoagwood K, Jensen PS, Kratochvil C, Bickman L, Clarke G, et al. AACAP 2001 research forum: challenges
and recommendations regarding recruitment and retention of participantsin research investigations. JAm Acad Child
Adolesc Psychiatry 2004 Aug;43(8):1037-1045. [doi: 10.1097/01.chi.0000129222.89433.3d] [Medline: 15266200]

Chan DS, Callahan CW, Hatch-Pigott VB, Lawless A, Proffitt HL, Manning NE, et al. Internet-based home monitoring
and education of children with asthmaiscomparableto ideal office-based care: results of al-year asthmain-home monitoring
trial. Pediatrics 2007 Mar;119(3):569-578 [FREE Full text] [doi: 10.1542/peds.2006-1884] [Medline: 17332210]
OKearney R, Kang K, Christensen H, Griffiths K. A controlled trial of a school-based Internet program for reducing
depressive symptomsin adolescent girls. Depress Anxiety 2009;26(1):65-72. [doi: 10.1002/da.20507] [Medline: 18828141]
Williamson DA, Walden HM, White MA, York-Crowe E, Newton RL, Alfonso A, et al. Two-year internet-based randomized
controlled trial for weight lossin African-American girls. Obesity (Silver Spring) 2006 Jul;14(7):1231-1243 [EREE Full
text] [doi: 10.1038/0by.2006.140] [Medline: 16899804]

Frenn M, Malin S, Brown RL, Greer Y, Fox J, Greer J, et al. Changing the tide: an Internet/video exercise and low-fat diet
intervention with middle-school students. Appl Nurs Res 2005 Feb;18(1):13-21. [doi: 10.1016/j.apnr.2004.04.003] [Medline:
15812731]

Neil AL, Batterham P, Christensen H, Bennett K, Griffiths KM. Predictors of adherence by adolescents to a cognitive
behavior therapy website in school and community-based settings. JMed Internet Res 2009;11(1):e6 [FREE Full text] [doi:
10.2196/jmir.1050] [Medline: 19275982]

Christensen H, Reynolds J, Griffiths KM. The use of e-health applications for anxiety and depression in young people:
challenges and solutions. Early Interv Psychiatry 2011 Feb;5 Suppl 1:58-62. [doi: 10.1111/j.1751-7893.2010.00242.X]
[Medline: 21208393]

Grey M, Whittemore R, Liberti L, Delamater A, Murphy K, Faulkner MS. A comparison of two internet programs for
adolescents with type 1 diabetes: design and methods. Contemp Clin Trials 2012 Jul;33(4):769-776. [doi:
10.1016/j.cct.2012.03.012] [Medline: 22484337]

Kovacs M. The Children's Depression, Inventory (CDI). Psychopharmacol Bull 1985;21(4):995-998. [Medline: 4089116]
Grey M, Whittemore R, Jaser S, Ambrosino J, Lindemann E, Liberti L, et a. Effects of coping skillstraining in school-age
children with type 1 diabetes. Res Nurs Health 2009 Aug;32(4):405-418 [FREE Full text] [doi: 10.1002/nur.20336] [Medline:
19488997]

Thompson D, Canada A, Bhatt R, Davis J, Plesko L, Baranowski T, et al. eHealth recruitment challenges. Eval Program
Plann 2006 Nov;29(4):433-440. [doi: 10.1016/].eval progplan.2006.08.004] [Medline: 17950873]

Ritterband LM, Borowitz S, Cox DJ, Kovatchev B, Walker LS, LucasV, et al. Using the internet to provide information
prescriptions. Pediatrics 2005 Nov;116(5):e643-e647 [FREE Full text] [doi: 10.1542/peds.2005-0404] [Medline: 16263978]
Cafazzo JA, Casselman M, Hamming N, Katzman DK, Palmert MR. Design of an mHealth app for the self-management
of adolescent type 1 diabetes: apilot study. JMed Internet Res 2012;14(3):e70 [FREE Full text] [doi: 10.2196/jmir.2058]
[Medline: 22564332]

Doyle AC, Goldschmidt A, Huang C, Winzelberg AJ, Taylor CB, Wilfley DE. Reduction of overweight and eating disorder
symptoms viathe Internet in adol escents: arandomized controlled trial. J Adolesc Health 2008 Aug;43(2):172-179 [FREE
Full text] [doi: 10.1016/j.jadohealth.2008.01.011] [Medline: 18639791]

March S, Spence SH, Donovan CL. The efficacy of an internet-based cognitive-behavioral therapy intervention for child
anxiety disorders. J Pediatr Psychol 2009 Jun;34(5):474-487 [FREE Full text] [doi: 10.1093/jpepsy/jsn099] [Medline:
18794187]

http://www.jmir.org/2013/1/e15/ JMed Internet Res 2013 | val. 15 | iss. 1 |e15 | p.89

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20032275
http://dx.doi.org/10.2337/dc09-1881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20032275&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2011.01816.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21978093&dopt=Abstract
http://europepmc.org/abstract/MED/21030194
http://dx.doi.org/10.1016/j.pec.2010.09.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21030194&dopt=Abstract
http://dx.doi.org/10.1089/cpb.2005.8.441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16232037&dopt=Abstract
http://europepmc.org/abstract/MED/16779012
http://dx.doi.org/10.1080/10826080500391704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16393741&dopt=Abstract
http://dx.doi.org/10.1097/01.chi.0000129222.89433.3d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15266200&dopt=Abstract
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=17332210
http://dx.doi.org/10.1542/peds.2006-1884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17332210&dopt=Abstract
http://dx.doi.org/10.1002/da.20507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18828141&dopt=Abstract
http://dx.doi.org/10.1038/oby.2006.140
http://dx.doi.org/10.1038/oby.2006.140
http://dx.doi.org/10.1038/oby.2006.140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16899804&dopt=Abstract
http://dx.doi.org/10.1016/j.apnr.2004.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15812731&dopt=Abstract
http://www.jmir.org/2009/1/e6/
http://dx.doi.org/10.2196/jmir.1050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19275982&dopt=Abstract
http://dx.doi.org/10.1111/j.1751-7893.2010.00242.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21208393&dopt=Abstract
http://dx.doi.org/10.1016/j.cct.2012.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22484337&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4089116&dopt=Abstract
http://europepmc.org/abstract/MED/19488997
http://dx.doi.org/10.1002/nur.20336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19488997&dopt=Abstract
http://dx.doi.org/10.1016/j.evalprogplan.2006.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17950873&dopt=Abstract
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=16263978
http://dx.doi.org/10.1542/peds.2005-0404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16263978&dopt=Abstract
http://www.jmir.org/2012/3/e70/
http://dx.doi.org/10.2196/jmir.2058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22564332&dopt=Abstract
http://europepmc.org/abstract/MED/18639791
http://europepmc.org/abstract/MED/18639791
http://dx.doi.org/10.1016/j.jadohealth.2008.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18639791&dopt=Abstract
http://jpepsy.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18794187
http://dx.doi.org/10.1093/jpepsy/jsn099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18794187&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Whittemore et &

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

Lenhart A, Arafeh S, Smith A, Macgill A. Thelives of teens and their technology. Washington, DC: Pew Internet &
American Life Project; 2012 Apr 24. URL : http://www.pewinternet.org/Reports/2008/\Writing-Technol ogy-and-Teens/
04-The-Lives-of-Teens-and- Their-Technol ogy/01-Introduction.aspx [accessed 2012-12-19] [WebCite Cache D 6D24xIL On]
Carroll AE, DiMeglio LA, Stein S, Marrero DG. Contracting and monitoring relationships for adolescents with type 1
diabetes: apilot study. Diabetes Technol Ther 2011 May;13(5):543-549 [FREE Full text] [doi: 10.1089/dia.2010.0181]
[Medline: 21406011]

Carroll AE, DiMeglioLA, Stein S, Marrero DG. Using acell phone-based glucose monitoring system for adolescent diabetes
management. Diabetes Educ 2011;37(1):59-66. [doi: 10.1177/0145721710387163] [Medline: 21106908]

Franklin VL, Greene A, Waller A, Greene SA, Pagliari C. Patients engagement with "Sweet Talk" - atext messaging
support system for young people with diabetes. JMed Internet Res 2008;10(2):€20 [FREE Full text] [doi: 10.2196/jmir.962]
[Medline: 18653444

Franklin VL, Waller A, Pagliari C, Greene SA. A randomized controlled trial of Sweet Talk, a text-messaging system to
support young people with diabetes. Diabet Med 2006 Dec;23(12):1332-1338. [doi: 10.1111/j.1464-5491.2006.01989.x]
[Medline: 17116184]

Freisland DH, Arsand E, Skarderud F. Improving diabetes care for young people with type 1 diabetesthrough visual learning
on mobile phones: mixed-methods study. J Med Internet Res 2012;14(4):e111 [FREE Full text] [doi: 10.2196/jmir.2155]
[Medline: 22868871]

Skinner HA, Maley O, Norman CD. Devel oping internet-based eHealth promotion programs: the Spiral Technology Action
Research (STAR) model. Health Promot Pract 2006 Oct;7(4):406-417. [doi: 10.1177/1524839905278889] [Medline:
16840770]

Thackara J. In the Bubble: Designing in a Complex World. Cambridge, MA: MIT Press; 2005.

Norman CD, Skinner HA. Engaging youth in e-health promotion: lessons learned from a decade of TeenNet research.
Adolesc Med State Art Rev 2007 Aug;18(2):357-69, xii. [Medline: 18605651]

Wright MS, Wilson DK, Griffin S, Evans A. A qualitative study of parental modeling and social support for physical activity
in underserved adol escents. Health Educ Res 2010 Apr;25(2):224-232 [FREE Full text] [doi: 10.1093/her/cyn043] [Medline:
18703530]

Cashen M S, Dykes P, Gerber B. eHealth technol ogy and Internet resources: barriersfor vulnerable populations. J Cardiovasc
Nurs 2004;19(3):209-14; quiz 215. [Medline: 15191264]

Whittemore R, Grey M, Lindemann E, Ambrosino J, Jaser S. Development of an Internet coping skills training program
for teenagers with type 1 diabetes. Comput Inform Nurs 2010;28(2):103-111 [FREE Full text] [doi:
10.1097/NCN.0b013e3181cd8199] [Medline: 20182161]

Kutner M, Greenberg E, Jin Y, Paulson C. The Health Literacy of America's Adults: Results From the 2003 National
Assessment of Adult Literacy. Washington, DC: National Center for Education Statistics, 2006 Sep. URL : http://nces.
ed.gov/pubs2006/2006483.pdf [accessed 2013-01-17] [WebCite Cache ID 6Dk94tWZo|

Mauriello LM, Ciavatta MM, Paiva AL, Sherman KJ, Castle PH, Johnson JL, et al. Results of a multi-media multiple
behavior obesity prevention program for adolescents. Prev Med 2010 Dec;51(6):451-456 [FREE Full text] [doi:
10.1016/j.ypmed.2010.08.004] [Medline: 20800079]

Glasgow RE, Strycker LA, Kurz D, Faber A, Bell H, Dickman JM, et al. Recruitment for an internet-based diabetes
self-management program: scientific and ethical implications. Ann Behav Med 2010 Aug;40(1):40-48. [doi:
10.1007/s12160-010-9189-1] [Medline: 20411443]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e126 [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Abbreviations

A1C: glycosylated hemoglobin
ADA: American Diabetes Association
CDI: Children’s Depression Inventory

http://www.jmir.org/2013/1/e15/ JMed Internet Res 2013 | val. 15 | iss. 1 |e15 | p.90

(page number not for citation purposes)


http://www.pewinternet.org/Reports/2008/Writing-Technology-and-Teens/04-The-Lives-of-Teens-and-Their-Technology/01-Introduction.aspx
http://www.pewinternet.org/Reports/2008/Writing-Technology-and-Teens/04-The-Lives-of-Teens-and-Their-Technology/01-Introduction.aspx
http://www.webcitation.org/6D24xILOn
http://europepmc.org/abstract/MED/21406011
http://dx.doi.org/10.1089/dia.2010.0181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21406011&dopt=Abstract
http://dx.doi.org/10.1177/0145721710387163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21106908&dopt=Abstract
http://www.jmir.org/2008/2/e20/
http://dx.doi.org/10.2196/jmir.962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18653444&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2006.01989.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17116184&dopt=Abstract
http://www.jmir.org/2012/4/e111/
http://dx.doi.org/10.2196/jmir.2155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22868871&dopt=Abstract
http://dx.doi.org/10.1177/1524839905278889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16840770&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18605651&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18703530
http://dx.doi.org/10.1093/her/cyn043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18703530&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15191264&dopt=Abstract
http://europepmc.org/abstract/MED/20182161
http://dx.doi.org/10.1097/NCN.0b013e3181cd8199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20182161&dopt=Abstract
http://nces.ed.gov/pubs2006/2006483.pdf
http://nces.ed.gov/pubs2006/2006483.pdf
http://www.webcitation.org/6Dk94tWZo
http://europepmc.org/abstract/MED/20800079
http://dx.doi.org/10.1016/j.ypmed.2010.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20800079&dopt=Abstract
http://dx.doi.org/10.1007/s12160-010-9189-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20411443&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Whittemore et &

Edited by G Eysenbach; submitted 10.05.12; peer-reviewed by M Frenn; comments to author 25.08.12; revised version received
10.09.12; accepted 02.10.12; published 29.01.13.

Please cite as.

Whittemore R, Jaser SS, Faulkner MS, Murphy K, Delamater A, Grey M, TEENCOPE Research Group
Type 1 Diabetes eHealth Psychoeducation: Youth Recruitment, Participation, and Satisfaction

J Med Internet Res 2013;15(1): €15

URL: http://www.jmir.org/2013/1/e15/

doi:10.2196/jmir.2170
PMID: 23360729

©Robin Whittemore, Sarah S. Jaser, Melissa S. Faulkner, Kathryn Murphy, Alan Delamater, Margaret Grey, TEENCOPE Research
Group. Originaly published in the Journal of Medical Internet Research (http://www.jmir.org), 29.01.2013. 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 origina 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/2013/1/e15/ JMed Internet Res 2013 | val. 15 | iss. 1 [e15 | p.91
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/1/e15/
http://dx.doi.org/10.2196/jmir.2170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23360729&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schneider et al

Original Paper

Periodic Email Prompts to Re-Use an Internet-Delivered
Computer-Tailored Lifestyle Program: Influence of Prompt Content
and Timing

Francine Schneider’, MSc; Hein de Vries', PhD; Math Candel?, PhD; Angelique van de Kar®, PhD; Liesbeth van
Osch', PhD

1CAPHRI, Department of Health Promotion, Maastricht University, Maastricht, Netherlands
2CAPHRI, Department of Methodology and Statistics, Maastricht University, Maastricht, Netherlands
3Veiligheidsregio Limburg-Noord, Nijmegen, Netherlands

Corresponding Author:
Francine Schneider, MSc
CAPHRI

Department of Health Promotion
Maastricht University

P.O. Box 616

Maastricht, 6200 MD
Netherlands

Phone: 31 433882827

Fax: 31 433671032

Email: francine.schneider@maastrichtuniversity.nl

Abstract

Background: Adherence to Internet-delivered lifestyle interventions using multiple tailoring is suboptimal. Therefore, it is
essential to invest in proactive strategies, such as periodic email prompts, to boost re-use of the intervention.

Objective: Thisstudy investigated theinfluence of content and timing of asingle email prompt on re-use of an Internet-delivered
computer-tailored (CT) lifestyle program.

Methods: A sample of municipality employees was invited to participate in the program. All participants who decided to use
the program received an email prompting them to revisit the program. A 2x3 (content x timing) design was used to test
mani pulations of prompt content and timing. Depending on the study group participants were randomly assigned to, they received
either a prompt containing standard content (an invitation to revisit the program), or standard content plus a preview of new
content placed on the program website. Participants received this prompt after 2, 4, or 6 weeks. In addition to these 6 experimental
conditions, a control condition was included consisting of participants who did not receive an additional email prompt. Clicks
on the uniform resourcelocator (URL) provided in the prompt and log-insto the CT program were objectively monitored. Logistic
regression analyses were conducted to determine whether prompt content and/or prompt timing predicted clicking on the URL
and logging in to the CT program.

Results: Of all program users (N=240), 206 participants received a subsequent email prompting them to revisit the program. A
total of 53 participants (25.7%) who received a prompt reacted to this prompt by clicking on the URL, and 25 participants (12.1%)
actually logged in to the program. There was a main effect of prompt timing; participants receiving an email prompt 2 weeks
after their first visit clicked on the URL significantly more often compared with participants that received the prompt after 4
weeks (odds ratio [OR] 3.069, 95% CI 1.392-6.765, P=.005) and after 6 weeks (OR 4.471, 95% CI 1.909-10.471, P=.001).
Furthermore, participants who received an email prompt 2 weeks after their first visit logged in to the program significantly more
often compared to participants receiving the prompt after 6 weeks (OR 16.356, 95% Cl 2.071-129.196, P=.008). A trend was
observed with regard to prompt content. Participants receiving a prompt with additional content were more likely to log in to the
program compared to participants who received a standard prompt. However, this result was not statistically significant (OR
2.286, 95% CI 0.892-5.856, P=.09).

Conclusions: Thekey findings suggest that boosting revisitsto aCT program benefits most from relatively short prompt timing.
Furthermore, apreview of new website content may be added to astandard prompt to further increaseits effectivenessin persuading
peopleto log in to the program.
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Introduction

Internet-delivered lifestyle interventions applying
computer-tailoring techniques [1-3] have reported positive
effects for multiple health behaviors, such as physical activity
[4,5], fruit and vegetableintake [6,7], smoking cessation [8-11],
and alcohol consumption [12,13]. Furthermore, providing
computer-tailored (CT) advice on multiple occasions (multiple
tailoring) has proven to significantly add to their impact [7,14].
However, despite promising prospects, actual exposureto these
interventions remains limited [15]. Exposure not only refersto
the level of first-time use of the intervention, but aso to the
quality and quantity of intervention use [16,17]. A small
proportion of the potential target population actually accesses
the intervention [16,18,19], and the level of adherenceto these
interventions is even lower [20], making attrition a common
and urgent problem in Internet-based trials[15,21]. Non-usage
attrition, in which participants lose interest in the intervention
and refrain from continued use, is hindering actual impact on
public health [17,21-25].

Research on non-usage attrition has demonstrated an initial
rapid decline in program use over the first few weeks [15,21].
During these weeks, participants lose interest in the program
or realize that it does not meet their wishes or expectations.
However, achieving health behavior change is a complex and
lengthy process requiring continuous guidance to maximize
intervention effects [22,26]. Therefore, repeated use of
interventions using multiple tailoring must be stimulated to
allow processing of the entire intervention content and
engagement in its effective components[21,27-29]. Furthermore,
re-use isimportant because it offers visitors the opportunity to
self-monitor their level of behavior change and receive
additional personalized advice regarding strategies to increase
or maintain their current level of behavior change [30]. It is
essential to minimize non-usage attrition at an early stage by
investing in strategies that boost revisits to Internet-delivered
interventions using multiple tailoring.

A substantial amount of Internet-delivered interventions use
reactive strategies to achieve re-use, implying that a passive
approach is used in which users themselves must undertake
action to repeatedly benefit from the intervention content [31].
However, because preventing non-usage attrition is a very
strenuous process [21,25,32], efforts should be put into attaining
loyalty to the intervention directly after initiation by utilizing
more proactive strategies [17]. The use of periodic email
prompts has been proposed as an effective proactive strategy
to boost re-use of interventions [33]. Although the number of
interventions employing proactive strategiesisincreasing, most
studies merely explored the efficacy of the whole intervention,
including prompting, instead of focusing on the added value of
periodic prompting as a strategy to boost re-use. Furthermore,
those studies indicating that sending periodic email prompts
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significantly increased program re-use [17,33] recommended
further examination and refinement to maximize their potential

[17].

More specific evidence on the positive effects of the use of
email to promote direct action stems from the field of
e-marketing [34,35]. Within this field, the use of emall
advertisements is rapidly growing because of the increase in
email usersand their potential to reach large numbers of people
at relatively low cost and effort. In addition, inthefield of health
promotion, emails have been used to prevent attrition in
Web-based trials. Several studies have indicated that sending
email reminders is an effective strategy to increase response
ratesin online data collection [36-38]. Furthermore, within one
of our previous studiesthat examined the effect of using periodic
email prompts[17], apositive, however modest, effect on re-use
of the program was found. Within that study, an email prompt
was sent 3 months after a first visit to the intervention. This
modest effect might imply that a 3-month period is too long,
causing people to forget about the program and their
participation, which is in line with previous studies pointing
out an elevated non-usage attrition level at the beginning of the
intervention period [15,21]. Therefore, we recommended future
research to focus on testing strategies to optimize the effect of
email prompts[17]. It isimperative to investigate the effect of
using shorter prompting intervals and to determine the optimal
interval at which prompts should be sent. In contrast, this modest
effect of a periodic email prompt might also imply that prompt
content is suboptimal. Since peopl e tend to disengage from the
intervention relatively shortly after intervention initiation
because of areduced levels of interest [21], involvement in the
intervention content and subsequent sessions is likely to
decrease. According to the elaboration likelihood model (EL M),
peoplewith alow level of involvement arelesslikely to process
arguments used [39]. As a result, argument-based persuasion
techniques used in an email prompt persuading participants to
re-use the intervention might be insufficiently processed. To
increase persuasiveness of the email prompts for people with a
low level of involvement in the issue, the current study tested
the effect of adding a peripheral cueto astandard email prompt
[39]. This peripheral cue consisted of the addition of a preview
of new website content. This preview served as a teaser to
increase curiosity for the remaining website content [40]. Instead
of basing a decision to re-use the program on the argument
posed in the email, participants might simply react out of sheer
curiosity [39]. It was hypothesized that aprompt with additional
content was more effective in persuading people to revisit the
CT lifestyle program compared to a standard prompt.

This study aimed to assess the added value of periodic email
prompts to boost revisits to an Internet-delivered CT lifestyle
program. We aimed to answer 2 questions: (1) which prompt
timing interval is most effective in boosting re-use of the
Internet-delivered CT lifestyle program and (2) which prompt
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content ismost effectivein boosting re-use of the program?We
addressed these questions among participants in an
Internet-delivered CT intervention aimed at multiple health
behaviors: increasing physica activity, increasing fruit and
vegetable intake, smoking cessation, and decreasing alcohol
consumption.

Methods

Procedure and Participants

This study was conducted in close collaboration with the
Regional Public Health Service (RPHS) in the northern part of
the Dutch region, Limburg. All people employed by the
municipalities in this region were invited by the RPHS to
participate in an Internet-delivered CT lifestyle program
developed by our research group [41,42]. Invitations for this
program were placed on the intranet of al municipalities and
were also directly emailed to employees. The invitation
contained a uniform resource locator (URL) that directed
interested participants directly to the program. The program
provided employees the opportunity to receive free-of-charge
CT feedback about their current health behavior (physical
activity, fruit and vegetable intake, alcohol consumption, and
smoking) and assistance in changing these health behaviors.

Participants who logged in to the program to obtain CT advice
were sent an email prompting them to re-use the program.
Re-use was encouraged to allow participants to monitor their
behavior change and to obtain iterative CT advice aimed at
behavior change and relapse prevention. Furthermore,
participants were offered an opportunity to obtain CT advice
regarding an additional health behavior. Finaly, re-use was
stimulated to keep participants informed about new content
added to the program website.

Design

A 2x3 design was used to test the effect of 2 factors: prompt
content (standard and standard+) and prompt timing (2, 4, and
6 weeks). The standard prompt (SP) contained a message
reminding people about their previous visit to the program and
invited them to re-use the program to monitor their progress
and obtain additional feedback. The second version of the
prompt (SP+) contained standard content complemented with
a message alerting people to new content added to the
intervention website. Participants received an email prompt
after 2, 4, or 6 weeks. In addition to these 6 experimental
conditions, a control condition was included, no prompt (NP).
People allocated to the control condition did not receive an
additional prompt and were only encouraged at baselineto re-use
the program. To participate in the program, participants had to
register by using a personal log-in code and password.
Immediately after registration for the program, participantswere
randomly allocated to 1 of the 7 study conditions.
Randomization occurred at the respondent level by means of a
computer software randomization device. Data for the present
study were collected from March to July 2011.

Email Prompt

People who were alocated to the experimental conditions of
the study received an email prompting them to re-use the
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program. Periodic prompts should be distinguished from
reminders, which are also often used in Internet-delivered
interventions. Sending remindersis a technique that is used to
increase response rates in online data collection by proactively
stimulating participation among nonresponders and is used to
prevent drop-out attrition [21,43]. Periodic prompts, on the other
hand, are used to boost re-use of the intervention content by
approaching all participants and are used to prevent non-usage
attrition [21]. All email prompts used in the present study
contained standard content. This standard email opened with a
personalized greeting and reminded people about their first visit
to the program. Subsequently, people wereinvited to re-use the
program to obtain information about their current health status
and to monitor their progress. Participants were also given the
opportunity to receive additional iterative health advice on the
health behavior(s) selected at baseline or on a new behavior.
Finally, to facilitate logging in to the program, the email also
contained details about their personal log-in information
(username and password). The email concluded with greetings
from the research team and contact information. Half of all
people in the experimental conditions received an email that
also contained additional content (SP+). Thisadditional content
consisted of a preview of new information that was placed on
the program website since they last visited it. Thisinformation
referred to nutrition and provided examples of healthy food
alternatives that were available for that current season (eg,
spring/summer).

Internet-Delivered Computer-Tailored Lifestyle
Program

The CT program integrated established CT programstested and
proven to be effective in randomized controlled trials for
increasing smoking cessation, promoting the intake of fruit and
vegetables, increasing theleve of physical activity, and reducing
the consumption of alcohol [44-48]. The program used a dual
approach to guide people toward behavior change. First,
awareness of participants’ current health behavior status was
increased by comparing their status to the Dutch public health
guidelines set for these hedlth behaviors, such as being
moderately physically active for 30 minutes at least 5 days a
week, eating 2 pieces of fruit per day, eating 200 grams of
vegetables per day, not drinking more than 1 (women) or 2
(men) glasses of acohol a day, and not smoking. Second,
assistance was provided in changing participants health
behavior by using CT modules available per behavior. The
modules used a fixed, gradual approach consisting of 4 steps,
guiding peopl e toward behavior change based on the Integrated
Model for exploring motivational and behavioral change
(I-Change Model) [49]. Focus was on pros and cons of the
desired behavior (step 1), the role of significant personsin the
direct environment (step 2), preparatory plans assisting people
to start changing their behavior (step 3), and coping plans to
help them overcome difficult situations and prevent relapse
(step 4). Within the modules, all health advice was adapted to
the individual’s characteristics by considering demographic,
behavioral, and cognitive characteristics [50-52]. The
Internet-delivered CT lifestyle program is described in more
detail elsawhere[41,42].
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The program was embedded in a website designed for the
current study. This website entailed general information
considering ahealthy lifestyle and the selected health behaviors.
Furthermore, the website provided specific information
regarding the project, contained adirect link to the CT program,
and provided background information regarding the study and
the research team. During the study, new information (eg,
advice, supporting messages, recipes, and facts) was added to
the website.

M easures

Participants in the experimental conditions (SP and SP+)
received an email prompting them to re-use the intervention.
Participants had to take 2 steps to re-use the program in order
to self-monitor their level of behavior change and obtain
additional CT advice. The first was clicking on the URL
providedintheemail prompt. Clicking onthe URL wastracked
by referral 1D codesthat wereintegrated in the URL. The second
step was logging in to the CT program after arriving on the
program website. L og-ins were objectively monitored during a
2- week period and | og-in dates were compared to baseline dates
to determine revisits.

To describe characteristics of program visitors, age, gender, and
educational level of participants was assessed (1/low: no
education or lower vocational school; 2/medium: secondary
vocational school or high school; 3/high: higher professional
education or university). Health behavior status consisted of
information regarding the 5 key behaviors. Physical activity
was measured by the Short Questionnaire to Assess
Health-enhancing physical activity (SQUASH) [53] and
guideline adherence was cal culated following procedures used
by Ainsworth et a (2000) [54]. Fruit consumption was measured
by using a 4-item Food Frequency Questionnaire (FFQ)
assessing weekly amount of fruit and fruit juice intake [55],
whereas vegetable consumption was measured using a 4-item
FFQ assessing the weekly amount of consumed boiled or baked
vegetables as well as salad or raw vegetables [55]. The
consumption of alcohol was measured by the Dutch
Quantity-Frequency-Variability (QFV) questionnaire [56].
Finally, smoking status was assessed by asking participants
whether they smoked, what they smoked (cigarettes, cigars,
pi pe tobacco), and how much they smoked per day (cigarettes)
and per week (cigars/packets pipetobacco) [57]. For each health
behavior, a new variable was created to indicate whether
participants met the Dutch guidelines provided for these
behaviors (0=no; 1=yes).

Statistical Analysis

General descriptive statistics were calculated to describe
characteristics of program visitors, as well as main findings
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concerning adherence to the public health guidelines. Baseline
differences between the intervention groups were calculated
using the Chi-square test for dichotomous and categorical
variables and 1-way analysis of variance (ANOVA) for
continuous variables. Finally, logistic regression analyses were
conducted. There were 2 dependent variables. whether
participants clicked on the URL (0=no; 1=yes) and whether
participantsloggedinto the CT program (0=no; 1=yes). Prompt
content (dummy coded, SP=0; SP+=1) and prompt timing
(dummy coded with 2 weeks as the reference category and 4
weeks as the reference category) and the interactions between
these variables were used as predictors in the initial model of
each dependent variable. Furthermore, because women and
people with a higher educational level and age are more likely
to use Internet-delivered lifestyle interventions [17,58], age,
gender, and educational level were included in the models as
possible covariates. An apha of .05 was used to indicate
statistical significance. All statistical analyses were done with
the program SPSS 17.0 (SPSS Inc, Chicago, IL, USA).

Results

In total, 240 participants visited the program, of which 73.3%
(176/240) were female. Participants were randomly allocated
to each of the 7 study conditions and a randomization check
revealed that femaleswere equally distributed (x26: 9.1, P=.17).
Furthermore, there were no significant differences between the
groups regarding educational level (x2,,= 9.3, P=.68) and age
(Fe233= 0.464, P=.84). Overall visitors had a mean age of 50
years (SD 14.99) and most were medium (100/240, 41.7%) to
highly educated (111/240, 46.3%). Regarding the 5 health
behaviors included in the program, 12.9% (31/240) did not
comply with the Dutch guidelines of at least 30 minutes of
moderately intensive physical activity on at least 5 days of the
week. With regard to fruit and vegetable intake, 50.8%
(122/240) and 60.0% (144/240) did not adhere to the Dutch
guidelines of at least 2 pieces of fruit and at least 200 gram of
vegetables each day, respectively. Approximately 1 out of 10
participants indicated that they smoked (10.0%, 24/240), and
22.1% (53/240) did not comply with the Dutch guidelines for
alcohol intake.

A total of 206 participants received an email prompting them
to re-use the program. Of this sample, 53 participants (25.7%)
reacted to this email by clicking on the URL (step 1), whereas
25 participants (12.1%) actually logged in to the program (step
2). All results concerning clicking on the URL and logging in
to the program are described per study group in Table 1.
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Table 1. Participants who clicked on the URL (step 1) and logged in to the program (step 2) per study condition (N=240).

Dependent variable Condition, n (%)

Standard content Standard+ content No prompt
2weeksn=34 4 weeks 6 weeks 2weeksn=36 4weeksn=35 6 weeks n=34
n=34 n=35 n=32
Click on the URL 14 (41.2) 6 (17.6) 4(11.4) 16 (44.4) 7(20.0) 6(18.8) —
Log in to the program 6 (17.6) 1(2.9 1(2.9) 10 (27.8) 7 (20.0) 0(0.0) 2(5.9)

Step 1: Clicking on the URL

There was no significant interaction between prompt content
and prompt timing (Figure 1) with regard to clicking on the
URL. Therefore, interaction terms were excluded from the
remaining models and only main effects are reported.

Analyses of main effects indicated that there was a significant
effect of prompt timing (x%, = 15.2, P = <.001). Participants

who received an email prompt 2 weeks after their first visit,
clicked on the URL significantly more often compared with
participants that received the prompt after 4 weeks (odds ratio
[OR] 3.069, 95% CI 1.392-6.765, P=.005) and after 6 weeks
(OR 4.471, 95% Cl 1.909-10.471, P=.001). There was no
significant difference in reaction to the email prompt between
participants receiving the prompts after 4 weeks, compared with
participants receiving the prompts after 6 weeks. Also, no main
effects of prompt content could be detected (see Table 1).

Figure 1. Percentage of participants given standard prompts (SP) and standard+ prompts (SP+) who clicked on the URL at different levels of prompt

timing.
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Logging In to the Program

With regard to logging in to the program, no significant
interaction between prompt content and prompt timing was
found (Figure 2). Therefore, interaction terms were again
excluded from the remaining models and only main effects are
reported.

http://www.jmir.org/2013/1/e23/
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With regard to logging in to the program, analyses of main
effects indicated that there was a significant effect of prompt
timing (x% = 16.5, P<.001). Participants receiving an email
prompt 2 weeks after their first visit, logged in to the program
significantly more often compared to participants receiving the
prompt after 6 weeks (OR 16.356, 95% Cl 2.071-129.196,
P=.008). There was, however, no significant difference between
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participantsreceiving the prompts after 4 weekscompared with  log in to the program compared to participants who received a
participants receiving the prompts after 2 or 6 weeks. With  prompt with standard content. However, this result was not
regard to prompt content, a trend was observed. Participants  statistically significant (OR 2.286, 95% CI 0.892-5.856, P=.09).
receiving a prompt with additional content were more likely to

Table 2. Effects of prompt content and timing on clicking on the URL (step 1) and logging in to the program (step 2).

Dependent variable Condition OR 95% Cl P
Clicking on the URL

Prompt content (SP versus SP+)2 1278 0.652-2.505 48
Prompt timing (2 week vs 4 week) 3.069 1.392-6.765 .005
Prompt timing (2 week vs 6 week) 4.471 1.909-10.471 .001
Prompt timing (4 week vs 6 week) 1.457 0.575-3.689 43
Logging in to the program
Prompt content (SP vs SP+)? 2.286 0.892-5.856 09
Prompt timing (2 week vs 4 week) 2144 0.822-5.593 A2
Prompt timing (2 week vs 6 week) 16.356 2.071-129.196 .008
Prompt timing (4 week vs 6 week) 0.131 0.016-1.096 .06

85p: standard prompt content; SP+: standard prompt content complemented with a preview of new website content.

Finaly, all experimental groupswere compared withthecontrol  containing additional content after 2 weeks were significantly
condition (NP) that did not receive an additional email prompt more likely to log in to the program (OR 6.059, 95% ClI
to boost revisits to the intervention. Results from thisanalysis  1.195-30.726, P<.001).

revealed that participants who received an email prompt
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Figure 2. Percentage of participants given standard prompts (SP) and standard+ prompts (SP+) who logged in to the program at different levels of

prompt timing.
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Discussion

This study aimed at maximizing the potential of email prompts
by focusing on prompt content and timing. A single email
prompt was used in the context of an Internet-delivered CT
lifestyle program and was aimed at stimulating re-useto increase
the dose of the intervention and prevent non-usage attrition.
Firstly, results indicated that sending a prompt 2 weeks after
the first visit was more effective compared with using alonger
time period. Thiseffect not only referred to clicking on the URL
(step 1), but also to the proportion of log-ins to the program
(step 2). Secondly, atrend was observed indicating that adding
apreview of new website content to a standard prompt increased
its effectiveness in persuading people to log in to the program.
Finally, sending aprompt with additional content after a2-week
period significantly increased program log-ins compared to
using areactive approach in which no additional prompts were
used.

The effectiveness of using arelatively brief interval for sending
a prompt may indicate that people tend to forget about the
program. Therefore, the interval between engaging in a first
visit and receiving an email prompt to boost re-use should be
kept relatively short. Since the costs of sending alarge number
of email messages are relatively low [59], this strategy allows
for sending several emailsat relatively short intervals. However,
when using an email prompt to boost re-use of the program,

http://www.jmir.org/2013/1/e23/

one must keep the goal of therevisitin mind. Within the current
program, the prompt was used to remind people about their
previous visit to the program and to persuade them to re-use
the program to monitor their progress and obtain additional
feedback. Although results from this study suggest that prompt
timing should be short, one must allow participants enough time
to actually follow the obtained advice and develop strategiesto
positively change their lifestyle [32].

Results from the current study also show a trend toward the
efficacy of adding additional content to a standard prompt.
However, this trend was only present for logging in to the
program (step 2) and not for clicking on the URL (step 1). A
possible explanation for this effect on log-ins might be the
repeated exposure to new website content. Peoplewho received
an email prompt containing a preview of new website content
were exposed to this website content twice: within the email
prompt and on the program website. According to ease of
processing theory [60], repeated exposureto information allows
for more fluent processing of the information. This extended
degree of exposure might have enhanced the ease of processing
the new information added to the website. Because this new
information wasrelated to health and emphasi zed theimportance
of having a healthy lifestyle, this information could have
persuaded peopl e to monitor their current lifestyle behavior and
obtain additional advice about how to positively change their
behavior.
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With regard to clicking on the URL (step 1), significant effects
of adding a peripheral cueto a standard prompt failed to occur.
People were significantly more likely to respond to emails that
were sent at arelatively short interval, irrespective of the email
content. A possible explanation for this finding might be that
participants consented to participate in the present study after
being informed about the possibility of receiving an additional
email to boost program use. Within the field of e-marketing,
the term opt-in email is used when receivers have agreed to the
receipt of an email [34,61]. Research has indicated that opt-in
emails are largely accepted among receivers and are proven to
be more effective compared to spam email (receiver has not
agreed to receiving an email) when used to persuade people to
undertake action (eg, clicking on aURL to re-use the program)
[34,61]. Therefore, knowledge about receiving an email prompt
might have increased acceptance of the email among participants
and might have resulted in the desired behavior (clicking onthe
URL) irrespective of the email content.

Strengths, Limitations, and Recommendations

The current study primarily focused on the effectiveness of
using asingle email prompt with regard to clicking on the URL
and logging in to the program. Combined with results from our
previous study [17], important information regarding the overall
effectiveness of using a single email prompt as well as the
optimal prompt content and timing was obtained. To our
knowledge, this is one of the first studies that systematically
studied optimal content and timing of a single email prompt
used to boost re-use of amultiple CT lifestyle program offered
through the Internet. Although these results suggest that sending
asingle email prompt is an effective strategy to boost revisits
to interventions using multiple computer-tailoring, thisis only
a first step, and the findings should be interpreted keeping
several limitations in mind. Firstly, the current study focused
solely on sending an email prompt on 1 occasion, namely after
2, 4, or 6 weeks. However, achieving health behavior change
is a complex and enduring process that requires continuous
guidance[22,26]. Repeated visitsto interventionsusing multiple
computer-tailoring are imperative to ensure natification of the
entire intervention content and involvement in its effective
components [27,28] and must, therefore, be encouraged.
Additional research should go one step further and focus on
timing intervals and prompt frequency. Prompting for revisits
shortly after a first visit indeed stimulated revisits to the
program. However, repeatedly sending prompts at a certain
interval to boost multiple revisits might have different or even
reverse effects because responses to multiple prompts tend to

Schneider et d

gradually decline over time[62]. Secondly, effectiveness of the
use of an email prompt largely depends on the degree to which
the content is actually read and processed by receivers. Within
the current study, no objective measure of the degree to which
emails were read was obtained. Therefore, results on prompt
content should be interpreted with caution. Future research
should put additional effort in assessing the degree to which
email content is actually read and processed by participants.
Furthermore, additional research is needed to investigate the
effects of using periodic prompts on behavior change and to
investigate whether these effects remain present over a sustained
period of time. Thirdly, the sample size for the present study
was relatively small. As aresult, the study might be relatively
underpowered to study interaction effects and to indicate
significant main effects. Furthermore, regression analyses
resulted in several substantial confidence intervals. Although
theseresults should beinterpreted with caution, they till provide
valuable information regarding the effectiveness of timing and
content of asingle email prompt as a strategy to boost program
revisits. Fourthly, a related limitation is the representativeness
of the study sample. This sample does not provide a good
cross-section of the general Dutch population [63] because
participants were mainly female, middle-aged, and medium to
highly educated. This may limit possibilities for generalizing
our resultsto the general population. However, previous studies
repeatedly indicated that Internet-delivered CT programs tend
to predominantly reach women and people who are older and
higher educated [17,58,64-67]. As a consequence, the current
sample corresponds to the subgroup of people known to be
reached by Internet-delivered CT programs, athough it does
not represent the general population. Therefore, the obtained
results are valuablein the context of CT lifestyle programs that
are offered through the Internet.

Conclusions

We found that using relatively short prompt timing (2 weeks)
resulted in more positive effects compared to using a longer
time period. This effect not only referred to clicking on the
URL, but aso to the proportion of log-ins to the program.
Although atrend was observed about the effectiveness of adding
a preview of new website content to a standard prompt, this
only referred to persuading peopleto log into the program. The
findings of this study underline the importance of sending an
email prompt relatively shortly after afirst visit to the program.
Furthermore, it isimportant to further focus on prompt content
because the addition of aperipheral cue may add to the prompt’s
effectiveness.

Acknowledgments

This study wasfunded by ZonMw, the Netherlands Organisation for Health Research and Devel opment (grant number: 120710004).
The intervention was developed and implemented by the Department of Health Promotion of CAPHRI, Maastricht University.
The authors would like to thank the Regional Public Health Services of the Dutch province of Limburg (GGD Limburg Noord)
for the close collaboration in recruiting the participants and collecting the data. Furthermore, we would like to thank all members
of the Health Communication meeting for their valuable and constructive comments on an earlier version of this manuscript.

http://www.jmir.org/2013/1/e23/

JMed Internet Res 2013 | val. 15 | iss. 1 |23 | p.99
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Schneider et al

Conflictsof Interest

Hein de Vriesisscientific director of Vision2Health, acompany that licensesinnovative evidence-based computer-tailored health
communication tools.

References

1.

Brug J, OenemaA, Kroeze W, Raat H. The internet and nutrition education: challenges and opportunities. Eur J Clin Nutr
2005 Aug;59 Suppl 1:S130-7; discussion S138. [doi: 10.1038/5).ejcn.1602186] [Medline: 16052181]

2. Ritterband LM, Gonder-Frederick LA, Cox DJ, Clifton AD, West RW, Borowitz SM. Internet interventions: in review, in
use and into the future. Professional Psychology: Research and Practice 2003;34(5):527-534. [doi:
10.1037/0735-7028.34.5.527]

3. KrebsP Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventionsfor health behavior change. Prev Med
2010;51(3-4):214-221 [FREE Full text] [doi: 10.1016/].ypmed.2010.06.004] [Medline: 20558196]

4.  vanden Berg MH, Schoones JW, Vliet Vlieland TP. Internet-based physical activity interventions: a systematic review of
the literature. J Med Internet Res 2007;9(3):€26 [FREE Full text] [doi: 10.2196/jmir.9.3.€26] [Medline: 17942388]

5. Vandelanotte C, Spathonis KM, Eakin EG, Owen N. Website-delivered physical activity interventions areview of the
literature. Am J Prev Med 2007 Jul;33(1):54-64. [doi: 10.1016/j.amepre.2007.02.041] [Medline: 17572313]

6. NevilleLM, O'Hara B, Milat AJ. Computer-tailored dietary behaviour change interventions: a systematic review. Health
Educ Res 2009 Aug;24(4):699-720 [FREE Full text] [doi: 10.1093/her/cyp006] [Medline: 19286893]

7.  BrugJ GlanzK, Van AssemaP, Kok G, van Breukelen GJ. Theimpact of computer-tail ored feedback and iterative feedback
on fat, fruit, and vegetable intake. Health Educ Behav 1998 Aug;25(4):517-531. [Medline: 9690108]

8. Borland R, Baimford J, Hunt D. The effectiveness of personally tailored computer-generated advice letters for smoking
cessation. Addiction 2004 Mar;99(3):369-377. [doi: 10.1111/j.1360-0443.2003.00623.x] [Medline: 14982550]

9.  Strecher VJ. Computer-tailored smoking cessation materials: areview and discussion. Patient Educ Couns 1999
Feb;36(2):107-117. [Medline: 10223016]

10. Myung SK, McDonnell DD, Kazinets G, Seo HG, Moskowitz JM. Effects of Web- and computer-based smoking cessation
programs: meta-analysis of randomized controlled trials. Arch Intern Med 2009 May 25;169(10):929-937. [doi:
10.1001/archinternmed.2009.109] [Medline: 19468084]

11. DijkstraA, DeVriesH, RoijackersJ. Long-term effectiveness of computer-generated tail ored feedback in smoking cessation.
Health Educ Res 1998 Jun;13(2):207-214 [FREE Full text] [Medline: 10181019]

12. Riper H, Kramer J, Smit F, Conijn B, Schippers G, Cuijpers P. Web-based self-help for problem drinkers: a pragmatic
randomized trial. Addiction 2008 Feb;103(2):218-227. [doi: 10.1111/j.1360-0443.2007.02063.x] [Medline: 18199300]

13. White A, Kavanagh D, Stallman H, Klein B, Kay-Lambkin F, Proudfoot J, et al. Online alcohol interventions: a systematic
review. JMed Internet Res 2010;12(5):e62 [FREE Full text] [doi: 10.2196/jmir.1479] [Medline: 21169175]

14. DijkstraA, De Vries H, Roijackers J, van Breukelen G. Tailoring information to enhance quitting in smokers with low
motivation to quit: three basic efficacy questions. Health Psychol 1998 Nov;17(6):513-519. [Medline: 9848801]

15. Bennett GG, Glasgow RE. The delivery of public health interventions via the Internet: actualizing their potential. Annu
Rev Public Health 2009;30:273-292. [doi: 10.1146/annurev.publhealth.031308.100235] [Medline: 19296777]

16. Crutzen R. Hard to Get, Hard to Keep. Dissemination of and Exposure to Internet-Delivered Health Behavior Change
Interventions Aimed at Adolescents. Maastricht, the Netherlands: Maastricht University; 2009.

17. Schneider F, van Osch L, Schulz DN, Kremers SP, de Vries H. The influence of user characteristics and a periodic email
prompt on exposureto aninternet-delivered computer-tailored lifestyle program. JMed Internet Res 2012;14(2):e40 [FREE
Full text] [doi: 10.2196/jmir.1939] [Medline: 22382037]

18. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of health promotion interventions: the RE-AIM
framework. Am J Public Health 1999 Sep;89(9):1322-1327. [Medline: 10474547]

19. Rogers EM. Diffusion of Innovations. New York: Free Press; 2003.

20. Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et al. Which intervention characteristics are related
to more exposure to internet-delivered healthy lifestyle promotion interventions? A systematic review. JMed Internet Res
2011;13(1):e2 [FREE Full text] [doi: 10.2196/jmir.1639] [Medline: 21212045]

21. Eysenbach G. Thelaw of attrition. JMed Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

22. Christensen H, Griffiths KM, Farrer L. Adherence in internet interventions for anxiety and depression. JMed Internet Res
2009;11(2):e13 [FREE Full text] [doi: 10.2196/jmir.1194] [Medline: 19403466]

23. Wanner M, Martin-Diener E, Bauer G, Braun-Fahrldnder C, Martin BW. Comparison of trial participants and open access
users of aweb-based physical activity intervention regarding adherence, attrition, and repeated participation. JMed I nternet
Res 2010;12(1):e3 [FREE Full text] [doi: 10.2196/jmir.1361] [Medline: 20147006]

24. Glasgow RE, Christiansen SM, Kurz D, King DK, Woolley T, Faber AJ, et al. Engagement in a diabetes self-management
website: usage patterns and generalizability of program use. JMed Internet Res 2011;13(1):e9 [FREE Full text] [doi:
10.2196/jmir.1391] [Medline: 21371992]

http://www.jmir.org/2013/1/e23/ JMed Internet Res 2013 | vol. 15 | iss. 1 [e23 | p.100

(page number not for citation purposes)


http://dx.doi.org/10.1038/sj.ejcn.1602186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16052181&dopt=Abstract
http://dx.doi.org/10.1037/0735-7028.34.5.527
http://europepmc.org/abstract/MED/20558196
http://dx.doi.org/10.1016/j.ypmed.2010.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558196&dopt=Abstract
http://www.jmir.org/2007/3/e26/
http://dx.doi.org/10.2196/jmir.9.3.e26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17942388&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2007.02.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17572313&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19286893
http://dx.doi.org/10.1093/her/cyp006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19286893&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9690108&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2003.00623.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14982550&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10223016&dopt=Abstract
http://dx.doi.org/10.1001/archinternmed.2009.109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19468084&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10181019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10181019&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2007.02063.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18199300&dopt=Abstract
http://www.jmir.org/2010/5/e62/
http://dx.doi.org/10.2196/jmir.1479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21169175&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9848801&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.031308.100235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19296777&dopt=Abstract
http://www.jmir.org/2012/2/e40/
http://www.jmir.org/2012/2/e40/
http://dx.doi.org/10.2196/jmir.1939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22382037&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10474547&dopt=Abstract
http://www.jmir.org/2011/1/e2/
http://dx.doi.org/10.2196/jmir.1639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212045&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://www.jmir.org/2009/2/e13/
http://dx.doi.org/10.2196/jmir.1194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19403466&dopt=Abstract
http://www.jmir.org/2010/1/e3/
http://dx.doi.org/10.2196/jmir.1361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20147006&dopt=Abstract
http://www.jmir.org/2011/1/e9/
http://dx.doi.org/10.2196/jmir.1391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21371992&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schneider et al

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

Glasgow RE, Nelson CC, Kearney KA, Reid R, Ritzwoller DP, Strecher VJ, et a. Reach, engagement, and retention in an
Internet-based weight loss program in a multi-site randomized controlled trial. J Med Internet Res 2007;9(2):e11 [FREE
Full text] [doi: 10.2196/jmir.9.2.11] [Medline: 17513282]

Norman GJ, Zabinski MF, Adams MA, Rosenberg DE, Yaroch AL, Atienza AA. A review of eHealth interventions for
physical activity and dietary behavior change. Am J Prev Med 2007 Oct;33(4):336-345 [FREE Full text] [doi:
10.1016/j.amepre.2007.05.007] [Medline: 17888860]

Danaher BG, Boles SM, Akers L, Gordon JS, Severson HH. Defining participant exposure measures in Web-based health
behavior change programs. J Med Internet Res 2006;8(3):e15 [FREE Full text] [doi: 10.2196/jmir.8.3.e15] [Medline:
16954125]

Strecher VJ, McClure J, Alexander G, Chakraborty B, Nair V, Konkel J, et a. Therole of engagement in atailored web-based
smoking cessation program: randomized controlled trial. JMed Internet Res 2008;10(5):e36 [ FREE Full text] [doi:
10.2196/jmir.1002] [Medline: 18984557]

Heesch KC, Masse LC, Dunn AL, Frankowski RF, Mullen PD. Does adherence to alifestyle physical activity intervention
predict changesin physical activity? J Behav Med 2003 Aug;26(4):333-348. [Medline: 12921007]

Schneider F, van Osch L, de VriesH. Identifying factors for optimal development of health-related websites: a delphi study
among experts and potential future users. JMed Internet Res 2012;14(1):e18 [FREE Full text] [doi: 10.2196/jmir.1863]
[Medline: 22357411]

Prochaska JO, Veicer WF, FavaJL, Rossi JS, Tsoh JY. Evaluating apopul ation-based recruitment approach and a stage-based
expert system intervention for smoking cessation. Addict Behav 2001;26(4):583-602. [Medline: 11456079]

Verheijden MW, Jans MP, Hildebrandt VH, Hopman-Rock M. Rates and determinants of repeated participationin a
web-based behavior change program for healthy body weight and healthy lifestyle. JMed Internet Res 2007;9(1):el [FREE
Full text] [doi: 10.2196/jmir.9.1.e1] [Medline: 17478410]

Fry JP, Neff RA. Periodic prompts and remindersin health promotion and health behavior interventions: systematic review.
JMed Internet Res 2009;11(2):e16 [FREE Full text] [doi: 10.2196/jmir.1138] [Medline: 19632970]

Raad M, Yeassan NM, Alam GM, Zaidan BB, Zaidan AA. Impact of spam advertisement through e-mail: A study to assess
the influence of the anti-spam on the e-mail marketing. African Journal of Business Management 2010;4(11):2362-2367.
Merisavo M, Raulas M. The impact of e-mail marketing on brand loyalty. Journal of Product & Brand Management
2004;13(7):498-505. [doi: 10.1108/10610420410568435]

Goritz A, Crutzen R. Remindersin web-based data collection: Increasing response at the price of retention. American
Journal of Evaluation 2012;33:240-250 [FREE Full text] [doi: 10.1177/1756283X10363751] [Medline: 22973420]
Kongsved SM, Basnov M, Holm-Christensen K, Hjollund NH. Response rate and compl eteness of questionnaires: a
randomized study of Internet versus paper-and-pencil versions. JMed Internet Res 2007;9(3):€25 [FREE Full text] [doi:
10.2196/jmir.9.3.e25] [Medline: 17942387]

Svensson M, Svensson T, Hansen AW, Trolle Lagerros Y. The effect of reminders in a web-based intervention study. Eur
JEpidemiol 2012 May;27(5):333-340. [doi: 10.1007/s10654-012-9687-5] [Medline: 22531973]

Petty R, Cacioppo JT. The elaboration likelihood of persuasion. Advancesin Experimental Social Psychology
1986;19:123-205.

Menon S, Soman D. Managing the power of curiosity for effective web advertising strategies. Journal of Advertising
2002;31(3):1-14.

Schneider F, van Osch LA, Kremers SP, Schulz DN, van Adrichem MJ, de Vries H. Optimizing diffusion of an online
computer tailored lifestyle program: a study protocol. BMC Public Health 2011;11:480 [FREE Full text] [doi:
10.1186/1471-2458-11-480] [Medline: 21689412]

Schulz DN, Kremers SP, van Osch LA, Schneider F, van Adrichem MJ, de Vries H. Testing a Dutch web-based tailored
lifestyle programme among adults: a study protocol. BMC Public Health 2011;11:108 [FREE Full text] [doi:
10.1186/1471-2458-11-108] [Medline: 21324181]

Goritz AS, Crutzen R. Reminders in web-based data collection: increasing response at the price of retention. American
Journal of Evaluation 2012;33:240-240 [FREE Full text]

Smeets T, Kremers SP, Brug J, de Vries H. Effects of tailored feedback on multiple health behaviors. Ann Behav Med
2007 Apr;33(2):117-123. [doi: 10.1080/08836610701307801] [Medline: 17447863]

Brug J, Steenhuis|, van Assema P, Glanz K, De Vries H. Computer-tailored nutrition education: differences between two
interventions. Health Educ Res 1999 Apr;14(2):249-256 [ FREE Full text] [Medline: 10387504]

Te Poel F, Bolman C, Reubsaet A, de Vries H. Efficacy of asingle computer-tailored e-mail for smoking cessation: results
after 6 months. Health Educ Res 2009 Dec;24(6):930-940 [ FREE Full text] [doi: 10.1093/her/cyp036] [Medline: 19574405]
Smit ES, de Vries H, Hoving C. The PAS study: arandomized controlled trial evaluating the effectiveness of a web-based
multiple tailored smoking cessation programme and tailored counselling by practice nurses. Contemp Clin Trials 2010
May;31(3):251-258. [doi: 10.1016/j.cct.2010.03.001] [Medline: 20215047]

van Keulen HM, Mesters |, Brug J, Ausems M, Campbell M, Resnicow K, et al. Vitalum study design: RCT evaluating
the efficacy of tailored print communication and tel ephone motivational interviewing on multiple health behaviors. BMC
Public Health 2008;8:216 [FREE Full text] [doi: 10.1186/1471-2458-8-216] [Medline: 18565222]

http://www.jmir.org/2013/1/e23/ JMed Internet Res 2013 | vol. 15 | iss. 1 [e23 | p.101

(page number not for citation purposes)


http://www.jmir.org/2007/2/e11/
http://www.jmir.org/2007/2/e11/
http://dx.doi.org/10.2196/jmir.9.2.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17513282&dopt=Abstract
http://europepmc.org/abstract/MED/17888860
http://dx.doi.org/10.1016/j.amepre.2007.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17888860&dopt=Abstract
http://www.jmir.org/2006/3/e15/
http://dx.doi.org/10.2196/jmir.8.3.e15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16954125&dopt=Abstract
http://www.jmir.org/2008/5/e36/
http://dx.doi.org/10.2196/jmir.1002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18984557&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12921007&dopt=Abstract
http://www.jmir.org/2012/1/e18/
http://dx.doi.org/10.2196/jmir.1863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22357411&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11456079&dopt=Abstract
http://www.jmir.org/2007/1/e1/
http://www.jmir.org/2007/1/e1/
http://dx.doi.org/10.2196/jmir.9.1.e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17478410&dopt=Abstract
http://www.jmir.org/2009/2/e16/
http://dx.doi.org/10.2196/jmir.1138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19632970&dopt=Abstract
http://dx.doi.org/10.1108/10610420410568435
http://europepmc.org/abstract/MED/22973420
http://dx.doi.org/10.1177/1756283X10363751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22973420&dopt=Abstract
http://www.jmir.org/2007/3/e25/
http://dx.doi.org/10.2196/jmir.9.3.e25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17942387&dopt=Abstract
http://dx.doi.org/10.1007/s10654-012-9687-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22531973&dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/480
http://dx.doi.org/10.1186/1471-2458-11-480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21689412&dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/108
http://dx.doi.org/10.1186/1471-2458-11-108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21324181&dopt=Abstract
http://europepmc.org/abstract/MED/22973420
http://dx.doi.org/10.1080/08836610701307801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17447863&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10387504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10387504&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19574405
http://dx.doi.org/10.1093/her/cyp036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19574405&dopt=Abstract
http://dx.doi.org/10.1016/j.cct.2010.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20215047&dopt=Abstract
http://www.biomedcentral.com/1471-2458/8/216
http://dx.doi.org/10.1186/1471-2458-8-216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18565222&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schneider et al

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

deVriesH, Mudde A, Leijs |, Charlton A, Vartiainen E, Buijs G, et a. The European Smoking Prevention Framework
Approach (EFSA): an example of integral prevention. Health Educ Res 2003 Oct; 18(5):611-626 [FREE Full text] [Medline:
14572020]

de VriesH, Brug J. Computer-tailored interventions motivating people to adopt health promoting behaviours: introduction
to a new approach. Patient Educ Couns 1999 Feb;36(2):99-105. [Medline: 10223015]

Dijkstra A, De Vries H. The development of computer-generated tailored interventions. Patient Educ Couns 1999
Feb;36(2):193-203. [Medline: 10223023]

Kreuter MW, Farrell DW, Olevitch LR, Brennan LK. Tailoring Health Messages: Customizing Communication with
Computer Technology. Mahwah, NJ: Lawrence Erlbaum Associates; 2000.

Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D. Reproducibility and relative validity of the short questionnaire to
assess health-enhancing physical activity. J Clin Epidemiol 2003 Dec;56(12):1163-1169. [Medline: 14680666]
Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. Compendium of physical activities: an
update of activity codesand MET intensities. Med Sci Sports Exerc 2000 Sep;32(9 Suppl):$498-S504. [Medline: 10993420]
Lokale en nationale Monitor Gezondheid [Local and national Health Monitor]. 2005. Indicatoren voor de Monitor
Volksgezondheid [Indicators of the Public Health Monitor] URL: https://www.monitorgezondheid.nl/volksindicatoren.aspx
[accessed 2013-01-23] [WebCite Cache ID 6DtQ6bWPY]

Lemmens P, Tan ES, Knibbe RA. Measuring quantity and frequency of drinking in ageneral population survey: acomparison
of five indices. J Stud Alcohol 1992 Sep;53(5):476-486. [Medline: 1405641]

de VriesH, Kremers SP, Smeets T, Brug J, Eijmael K. The effectiveness of tailored feedback and action plansin an
intervention addressing multiple health behaviors. Am JHealth Promot 2008;22(6):417-425. [doi: 10.4278/ajhp.22.6.417]
[Medline: 18677882]

Brouwer W, Oenema A, Raat H, Crutzen R, de Nooijer J, de VriesNK, et a. Characteristics of visitors and revisitors to
an Internet-delivered computer-tailored lifestyle intervention implemented for use by the general public. Health Educ Res
2010 Aug;25(4):585-595 [FREE Full text] [doi: 10.1093/her/cyp063] [Medline: 19897515]

Merisavo M, Raulas M. The impact of e-mail marketing on brand loyalty. Journal of Product & Brand Management
2004;13(7):498-505. [doi: 10.1108/10610420410568435]

Whittlesea BWA, Jacoby JL, Girardi K. Illusions of immediate memory: evidence of an attributional basis for feelings of
familiarity and perceptual quality. Journal of Memory and Language 1990;29:716-732. [doi: 10.1016/0749-596X (90)90045-2]
Barnes SJ, Scornavacca E. Mobile marketing: the role of permission and acceptance. International Journal of Mobile
Communications 2004;2(2):128-139. [doi: 10.1504/IJM C.2004.004663]

Woodall WG, Buller DB, Saba L, Zimmerman D, Waters E, Hines JM, et al. Effect of emailed messages on return use of
anutrition education website and subsequent changes in dietary behavior. J Med Internet Res 2007;9(3):€27 [EREE Full
text] [doi: 10.2196/jmir.9.3.€27] [Medline: 17942389]

Centraal Bureau voor de Statistiek (CBS) [Statistics Netherlands]. 2012. URL : http://www.cbs.nl/nl-NL/menu/themas/
bevolking/nieuws/default.htm [accessed 2013-01-22] [WebCite Cache ID 6DrhPgFDm)]

Spittaels H, De Bourdeaudhuij I, Brug J, Vandelanotte C. Effectiveness of an online computer-tailored physical activity
intervention in areal-life setting. Health Educ Res 2007 Jun;22(3):385-396 [FREE Full text] [doi: 10.1093/her/cyl096]
[Medline: 16971674]

Vandelanotte C, De Bourdeaudhuij 1, Sallis JF, Spittaels H, Brug J. Efficacy of sequential or simultaneous interactive
computer-tailored interventions for increasing physical activity and decreasing fat intake. Ann Behav Med 2005
Apr;29(2):138-146. [doi: 10.1207/s15324796abm2902_8] [Medline: 15823787]

Spittaels H, De Bourdeaudhuij |. Who participates in a computer-tailored physical activity program delivered through the
Internet? A comparison of participants and non-participants characteristics. Int J Behav Nutr Phys Act 2007;4:39 [FREE
Full text] [doi: 10.1186/1479-5868-4-39] [Medline: 17880696]

Schulz DN, Schneider F, de Vries H, van Osch LA, van Nierop PW, Kremers SP. Program completion of a web-based
tailored lifestyle intervention for adults: differences between a sequential and a simultaneous approach. JMed Internet Res
2012;14(2):e26 [FREE Full text] [doi: 10.2196/jmir.1968] [Medline: 22403770]

Abbreviations

ANOVA: analysis of variance

CT: computer tailored

ELM: elaboration likelihood model
FFQ: Food Frequency Questionnaire
NP: no prompt

OR: odds ratio

QFV: Quantity-Frequency-Variability
RPHS: Regiona Public Health Service
SP: standard prompt

http://www.jmir.org/2013/1/e23/ JMed Internet Res 2013 | vol. 15 | iss. 1 [e23 | p.102

(page number not for citation purposes)


http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=14572020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14572020&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10223015&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10223023&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14680666&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10993420&dopt=Abstract
https://www.monitorgezondheid.nl/volksindicatoren.aspx
http://www.webcitation.org/6DtQ6bWPt
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1405641&dopt=Abstract
http://dx.doi.org/10.4278/ajhp.22.6.417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18677882&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19897515
http://dx.doi.org/10.1093/her/cyp063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19897515&dopt=Abstract
http://dx.doi.org/10.1108/10610420410568435
http://dx.doi.org/10.1016/0749-596X(90)90045-2
http://dx.doi.org/10.1504/IJMC.2004.004663
http://www.jmir.org/2007/3/e27/
http://www.jmir.org/2007/3/e27/
http://dx.doi.org/10.2196/jmir.9.3.e27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17942389&dopt=Abstract
http://www.cbs.nl/nl-NL/menu/themas/bevolking/nieuws/default.htm
http://www.cbs.nl/nl-NL/menu/themas/bevolking/nieuws/default.htm
http://www.webcitation.org/6DrhPqFDm
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=16971674
http://dx.doi.org/10.1093/her/cyl096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16971674&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm2902_8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15823787&dopt=Abstract
http://www.ijbnpa.org/content/4//39
http://www.ijbnpa.org/content/4//39
http://dx.doi.org/10.1186/1479-5868-4-39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17880696&dopt=Abstract
http://www.jmir.org/2012/2/e26/
http://dx.doi.org/10.2196/jmir.1968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22403770&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schneider et al

SP+: standard+ prompt
SQUASH: Short Questionnaire to Assess Health-enhancing physical activity
URL: uniform resource locator

Edited by G Eysenbach; submitted 30.04.12; peer-reviewed by ML Lustria; comments to author 27.06.12; revised version received
30.08.12; accepted 05.10.12; published 31.01.13.

Please cite as.

Schneider F, de Vries H, Candel M, van de Kar A, van Osch L

Periodic Email Prompts to Re-Use an Internet-Delivered Computer-Tailored Lifestyle Program: Influence of Prompt Content and
Timing

J Med Internet Res 2013;15(1):e23

URL: http://mww.jmir.org/2013/1/e23/

doi:10.2196/jmir.2151
PMID: 23363466

©Francine Schneider, Hein de Vries, Math Candel, Angelique van de Kar, Liesbeth van Osch. Originally published in the Journal
of Medical Internet Research (http://www.jmir.org), 31.01.2013. Thisis an 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/, aswell asthis
copyright and license information must be included.

http://www.jmir.org/2013/1/e23/ JMed Internet Res 2013 | vol. 15 | iss. 1 |e23 | p.103
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/1/e23/
http://dx.doi.org/10.2196/jmir.2151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23363466&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Muessig et d

Original Paper

Mobile Phone Applications for the Care and Prevention of HIV
and Other Sexually Transmitted Diseases: A Review

Kathryn E Muessig®, PhD; Emily C Pike', BS; Sara LeGrand?, PhD; Lisa B Hightow-Weidman®, MD, MPH

1Department of Medicine, The University of North Carolinaat Chapel Hill, Chapel Hill, NC, United States
2Center for Hedlth Policy and Inequalities Research, Duke University, Durham, NC, United States

Corresponding Author:
Kathryn E Muessig, PhD
Department of Medicine

The University of North Carolina at Chapel Hill
Bioinformatics Bldg, CB #7030
130 Mason Farm Rd

Chapel Hill, NC, 27599

United States

Phone: 1 443 320 3152

Fax: 1919 966 6714

Email: kmuessig@med.unc.edu

Abstract

Background: Mobile phone applications (apps) provide a new platform for delivering tailored human immunodeficiency virus
(HIV) and sexually transmitted disease (STD) prevention and care.

Objective: To identify and evaluate currently avail able mobile phone apps related to the prevention and care of HIV and other
STDs.

Methods: We searched the Apple iTunes and Android Google Play stores for HIV/STD-related apps, excluding apps that
exclusively targeted industry, providers, and researchers. Each eligible app was downloaded, tested, and assessed for user ratings
and functionality as well as 6 broad content areas of HIV prevention and care: HIV/STD disease knowledge, risk reduction/safer
sex, condom promotion, HIV/STD testing information, resources for HIV-positive persons, and focus on key populations.

Results: Search queriesupto May 2012 identified 1937 apps. Of these, 55 unique apps met theinclusion criteria(12 for Android,
29for iPhone, and 14 for both platforms). Among these apps, 71% provided disease information about HIV/STDs, 36% provided
HIV/STD testing information or resources, 29% included information about condom use or assistance locating condoms, and
24% promoted safer sex. Only 6 apps (11%) covered all 4 of these prevention areas. Eight apps (15%) provided tools or resources
specifically for HIV/STD positive persons. Ten apps included information for arange of sexual orientations, 9 apps appeared to
be designed for racially/ethnically diverse audiences, and 15 apps featured interactive components. Apps were infrequently
downloaded (median 100-500 downloads) and not highly rated (average customer rating 3.7 out of 5 stars).

Conclusions: Most available HIV/STD apps have failed to attract user attention and positive reviews. Public health practitioners
should work with app developers to incorporate elements of evidence-based interventions for risk reduction and improve app
inclusiveness and interactivity.

(J Med Internet Res 2013;15(1):e1) doi:10.2196/jmir.2301

KEYWORDS
HIV; technology; mobile phone applications

messages [4], facilitate test result notification [5,6], improve
HIV medication adherence, and increase adherence to clinic
Mobile phone health interventions are increasingly being used ~ @PPOINtments[7-12]. Although phone-based interventions have
for the prevention and care of human immunodeficiency virus  YPicaly used the voice or text-based Short Message Service

(HIV) and other sexually transmitted diseases (STDs) [1-3]. (SMS) features of mobile phones [1,3,13], the increasing
These initiatives have been designed to promote prevention ~PoPUlarity of smartphones and smartphone applications (apps)
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[14,15] has greatly expanded the possibilities for phone-based
HIV/STD interventions [13]. These interventions are critical
for reversing the HIV epidemic; 34.2 million people worldwide
are living with HIV and 2.5 million people became newly
infected in 2011 alone [16].

Smartphones have revolutionized mobile communication
markets by offering enhanced mobile phonesfeaturing improved
Internet access and the capacity to perform more advanced
computer functions. Consumer research from June 2012
estimates that 54.9% of mobile phone subscribersin the United
States own a smartphone, with phones running on Apple's
iPhone operating systems (iOS) and Android’s operating systems
(Android OS) representing over 86% of this market [15].
Smartphone apps are downloadable programs that run on the
smartphone’s OS, which may include Web-based features. As
of March 2012, Appl€ siTunes apps had received over 25 billion
downloads [14] and the Android Google Play Store exceeded
15 hillion app downloads in May 2012 [17]. These numbers
continue to rise at over 1 billion app downloads per month for
each store[17].

Many of these apps are health related. A search on August 1,
2012, for apps categorized as “health & fitness” and “medical”
yielded 13,479 apps available for iPhone consumers [18] and
15,891 apps available for Android consumers [19]. This
widespread use of apps provides a promising new platform for
delivering tailored HIV prevention messages and interactive
care services. But are public health practitioners utilizing this
new opportunity? In this paper, we review the characteristics
and content of HIV- and STD-related apps that are available
through the two primary online app providers: the AppleiTunes
Store and the Android Google Play Store. Thisreview describes
the current landscape and content of HIV/STD apps, assesses
utilization and acceptability of these apps, and provides
recommendationsto guide the design and devel opment of future

apps.
Methods

Search and Screening Strategy

On May 1 to 3, 2012, the following terms were used to search
the Apple iTunes Store and the Android Google Play Store:
HIV, human immunodeficiency virus, acquired immune
deficiency syndrome, sexually transmitted diseases, STD,
sexualy transmitted infections, ST, sexua hedth, safe sex,
and condom. An app was excluded if it did not include HIV/STD
content; exclusively targeted industry, health care, research, or
medical professionals; or was not available in English. Two
researchers (KEM and ECP) searched each store and compiled
lists of al identified apps. App titles and descriptions were
screened for relevance and lists of apps to download were
created. Listswere compared and differences resolved by athird
member of the study team (LBH). Any eligible app that was
identified in only one store was searched for by name in the
other store to confirm its exclusive availability.

Data Extraction and App Assessment

Thefollowing data was extracted for each eligible app on May
1 to 3, 2012: name, platform (iPhone, Android, or both),

http://www.jmir.org/2013/1/el/
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category as defined by site (eg, medical, education, health and
fitness, lifestyle), description of app content as provided by site,
price, user star rating, number of customer downloads (available
for Android only), number of customer ratings (available for
iPhone only), and the date the app was last updated by the
developer. For appsthat were avail able in both the Google Play
and iTunes stores, we recorded separate price and user rating
information for each store. From May 7 to 24, 2012, we
downloaded each eligible app (both free and fee-based) and
tested all features and functions. If an app had both a free and
fee-based version, only the free version was downloaded and
assessed.

To evaluate the apps we identified 6 broad content areas for
advancing the prevention and treatment of HIV based on the
World Health Organization's Global Health Sector Strategy on
HIV/AIDS 2011-2015 [20] and the National AIDS Strategy for
the United States [21]. These content areas include HIV/STD
knowledge and awareness, behavior change/risk reduction/safer
sex promotion, condom use/promotion, HIV/STD testing,
resources and linkage to care for HIV/STD-positive persons,
and intensified or focused efforts for key
communities/popul ations. Each app was assessed for inclusion
of the 5 content areas, operationalized as:

1. Doesthe app provideinformation about HIV or other STDS?

2. Doesthe app provide information or descriptions about ways
to reduce the risk of sexually transmitting or acquiring
HIV/STDs?

3. Doesthe app provide information about how to use or obtain
male or female condoms?

4. Does the app promote or provide information or resources
about HIV/STD testing?

5. Does the app provide resources specifically for
HIV/STD-positive persons? (Features and resources provided
through apps for HIV/STD-positive persons were tested and
described.)

If the app also covered other content areas, these were listed
and described. These descriptions were then compiled and
grouped, resulting in the following additional 5 content
categories: drug and alcohol risk, relationships, HIV/STD news,
HIV/STD stigma, and an HIV/STD status verification service.

To assess Whether the app fulfilled the criteria of intensified or
focused effortsfor key communities or populations, wereviewed
the text and images used in each app. Key populationsfor HIV
prevention vary depending on thelocal epidemic context. Thus,
this assessment included an open-ended description of text and
images used and a subjective assessment of whether the app
appeared to be inclusive or tailored. For example, if an app
included images of black men or women among a variety of
racial and ethnic images, this app would be characterized as
“inclusive”” If an app explicitly or exclusively addressed black
men or women, this app would be considered “tailored.” Finally,
we assessed whether each app included any interactive
component, such as agame, quiz, diary, or goal tracker.
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Results

Search and Screening

Search queries identified 1937 apps. After screening the app
titles and the site-provided app descriptions, 84 eligible apps
were downloaded for full review (Figure 1). A further 15 apps

Figure 1. Search and screening process for HIV/STD-related apps.

Apps identified through online
app store searches:

Google Play Store for Android
(n=1654)

Muessig et al

were then excluded because they did not include
HIV/STD-related content or were not functional (list available
upon request). A total of 69 apps met thefinal inclusion criteria:
43 from the AppleiTunes Store and 26 from Android’s Google
Play Store. Of these, 55 appswere unique with 14 appsavailable
in both stores (29 iTunes only, 12 Google Play only, and 14
available in both stores).

Apple iTunes Store for iPhene (n=283)

",
",

e

l

App titles screened
(n=1937)

;

Downloaded apps
assessed
(n=84)

Y

Apps included in gualitative synthesis (n=69

overall)

55 unique apps

iPhone only
(n=29)

Android only
(n=12)
Available for both stores
(n=14)

Apps excluded (n=1865)

- > No HIVISTD content
» Designed for medical professionals
*» Not available in English

'Apps excluded (n=15)
b > No HIVISTD content
> App not functional

/

Descriptive Characteristics

Table 1 provides a summary of app characteristics and Table 2
liststhe name, details, and primary content areas of each eligible
app. Approximately half (27/55, 49%) of the apps had been
updated within the past year (May 2011 to May 2012).
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Seventy-one percent (39/55) of apps provided information about
HIV/STDs and 24% (13/55) provided information about
reducing sexual transmission risk. Twenty-nine percent (16/55)
of apps included instructions for condom use or assistance
locating condoms and 36% (20/55) included information about
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HIV/STD testing or resources for finding testing centers. Only
6 appscovered all 4 of these broad areas of HIVV/STD prevention
(knowledge, risk reduction, condom promotion, and testing):
Action for AIDS [22], Pos or Not [23], STD411 [24], STDiQ
[25], Safe Sex Tips [26], and Sexual Hedth Guide [27]. In
addition, one app supported a third-party service that provided

http://www.jmir.org/2013/1/el/
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an electronic certificate verifying negative HIV/STD test results
(Chec-Mate) [28]. Five (9%) apps addressed (noninjection) drug
or acohol use and HIV/STD risk. A smal number of apps
discussed HIV/STDs in the context of relationships (n=5),
provided linksto online news storiesfeaturing HIV/STDs (n=4),
or addressed HIV stigma (n=1).
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Table 1. Summary of mobile phone applications (apps) for HIV/STD prevention and care (N=55).

App characteristic n %
Phone platform
iPhone 29 52.7
Android 12 218
Both 14 255
App price® (US $)
Free 46 66.7
0.99 14 20.3
1.00-9.99 9 13.0

Customer app rating®

Unrated® 31 44.9
0.0-3.9 stars 16 231
4.0-5.0 stars 22 318
Number of app downloads®
0-100 12 46.2
101-500 3 115
501-999 1 38
1000-9999 5 19.2
> 10,000 5 19.2
Updated since May 2011
Yes 27 49.1
No 28 50.9
App category
Brain and puzzle 1 18
Casual 1 18
Education 6 10.9
Entertainment 1 18
Games 1 18
Health and fitness 20 36.4
Lifestyle 10 18.2
Medical 13 23.6
Social networking 1 18
Utilities 1 18
Focused for particular populationsd
Geographically focused 13 23.6
Inclusive of black or Latino users 9 16.4
Tailored for black or Latino users 2 3.6
Information for MSM 7 12.7
Tailored for MSM 2 3.6
HIV/STD-focused content/features?
HIV/STD information 39 70.9
HIV/STD testing 20 36.4
http://www.jmir.org/2013/1/e1/ JMed Internet Res 2013 | vol. 15 | iss. 1 [el | p.108
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App characteristic n %
Condom use, condom locator 16 29.1
Game/quiz/risk assessment 15 27.3
Safer sex 13 23.6
Tools for HIV/STD-positive persons 8 145
Drugs, acohol (HIV/STD risk) 6 10.9
Relationships 5 9.1
HIV/STD news 4 7.3
Stigma 1 18
HIV/STD status verification service 1 18

@ Calculated based on 69 total apps because Google Play and iTunes occasionally charged different prices for the same app and received different
customer ratings.

b Apps that have not received any user ratings.
€ |nformation on number of app downloads is only available for apps sold in the Android Google Play Store (n=26).

94 Each app may be categorized with multiple content areas. Percentages were cal culated as percent of unique apps (n=55) that include this content area.
HIV: human immunodeficiency virus; STD: sexually transmitted disease; MSM: men who have sex with men.
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Table 2. Characteristics and content of mobile phone HIV/STD applications (apps).
App hame Price Rating? Down-  Targeted popula- App focus
(US$) loads®  tion®
Know- Safer  Con- Testing® HIV/ Other
I d
edge s domg s+
iPhone apps
Action For AIDS 0 — — Singapore Y Y Y Y
AIDSinfo HIV/AIDS Glossary 0 45 — Inclusive: Span-
ish
aidsmap news 0 — — NT News
amfAR TestingDay 0 — — NT Quiz
Chec-Mate 1.999 — — NT HIV/STD
status veri-
fication
service
Condom Pro 0 — — NT Game
Condom Truth 0 — — NT
Hiv & Aids Guide 0.99 — — Anal sex Y Y
HIV and Your Heart 0 5 — Inclusive: black Y
women
HIV Study (AIDS disease) 0.99 — — NT Y
[ikhbdabebededad =211\ 0] 0 25 — NT Y
iCondom 0 5 — NT
iCondom Philly 0 45 — Philadelphia Y
It's Your Shout 0 — — England Y Quiz
LoveSmarts 0.99 — — NT Y Y Game
MASTDinfo 0 — — Massachusetts; Y
tailored: MSM
Men's Sexual Health 4.99 3 — Inclusive: black Y
men
My First Time 0 3 — Chinal Y Y
Singapore
Pos or Not 0 4 — Inclusive: Y Y Y Y Stigma,
racial/ethnic mi- quiz/game
norities
PozTracker 3.99 — — NT Y Y
Safe Sex 0 4 — NT
Safesex Guide 1.99 — — Denmark Y Alcohal,
relation-
ships, quiz
Sexual Health News Reader 0.99 — — NT News
STD Guide 1.99 3 — NT
STD411 0 2 — San Francisco; Y Y Y Y Risk assess-
tailored: gay, bi, ment
trans
STDIQ 0 4 — Tailored: black, Y Y Y Y Alco-
Latino hol/drugs,
risk assess-
ment, rela-
tionships
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App name Price Rating® Down-  Targeted popula-  App focus
(US$) loads®  tion®
Know- Safer  Con- Testing® HIV/ Other
I d
edge  sex doms S+
Stop AIDS 0 4 — Anal sex Y
TakPositive 0 — — NT Y
TKNO 0 — — Inclusive: black Y
men
Android apps
About HIV 0 45 ++ NT Y News
Chlamydia 0 — ++ NT Y
Guideto STDs 5.00 1 + NT Y
HIV RISK Calculator 0 5 + Inclusivee MSM, Y Y Risk assess-
anal sex ment
Hook-ups. STD Rally 0 35 ++++ NT Y Game
Kenny Condom 0.99 — + Tailored: young Y Y
African Ameri-
can men
Know Sexual Health 0 2.7 ++++ NT Y Quiz
Protection-Sex 0.99 — + England Y
Safer Sex 0.99 — + England; inclu-
sive: gay youth,
anal sex
Sex Detective 0.99 19 ++++ Inclusive: anal Y Risk assess-
sex ment
Sex Guide 0.99 — + England; inclu- Y Y Drugs, dco-
sive: gay youth hol, rela-
tionships
STD Risk Calculator Lite 0 5 ++ Inclusive: MSM, Risk assess
anal sex ment
Available on iPhone and An-
droid
AfterSex 099/0" 35/3.6 ++++ Inclusive: ethnic Y Y Risk assess-
Minorities ment
Big Night Out 0.99 —/— + England Y Y Drugs, dco-
hol
Birmingham AIDS Outreach 0 5/5 + Inclusvee MSM Y Y Y
(BAO) and males of col-
or
iStayHealthy 0 —I4.7 ++ NT
Patient Treatment Companion 0 —/— + NT Y
NY C Condom finder 0 5/4 ++++ New York City Y
PositiveSingles 0 2/2 +++ NT
Red Ribbon HIV/AIDSManager  9.99/ —I4.7 + NT
1.99
Safe Sex Tips o114 H— + Inclusive: anal Y Y Y Y Drugs &co-
sex hol, rela-
tionships
Sex Facts 0 3.5/4 +++++  Anal sex
SeX Factor 0 —/2.2 ++++ NT Game
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App name Price Rating® Down-  Targeted popula-  App focus
(US$) loads®  tion®
Know- Safer  Con- Testing® HIV/ Other
ledge  sex doms’ st
Sexual Health 0 3/4 +++ NT
Sexual Health Guide 0 —I/5 +++ Ireland; inclu- Y Y Y Y Drugs, dco-
sive: anal sex hol, rela-
tionships,
news
STD Glossary 0.99 —l4 ++ NT Y

@__: not yet rated. For apps available for both iPhone and Android, ratings presented as iPhone/Android.

b Download data was recorded on May 1-3, 2012, and was only available for Android Google Play store; —: not reported; +: 1-100 downloads; ++:
101-1000 downloads; +++: 1001-5000 downloads; ++++: 5001-50,000 downloads; +++++: 50,000-100,0000 downloads.

©NT: not inclusive or tailored for specific geographic area or population(s);

d Condom use and condom GPS locators.
€ Testing promotion and clinic locators.

MSM: men who have sex with men.

P Information, services, and/or care management tools for persons diagnosed with HIV or other sexually transmitted diseases (STDs).

9 For 1-year membership.
P iPhone version $0.99.

! iPhone version $9.99.
IiPhone version free.

Appsfor PersonsDiagnosed With HIV or Other STDs

Out of the 55 apps, 8 (15%) were developed for persons
diagnosed with HIV or other STDs. These apps typicaly
included interactive tools for the following areas. medication
adherence tracking and reminders, medication interaction

Table 3. Appsfor HIV/STD-positive persons.

information, medical appointment calendars and reminders,
doctor/clinic names and locations, symptoms/side effects
trackers, and viral load/lymphocyte (CD4) cell count trackers
(Table 3). One social networking app (PositiveSingles) [29]
facilitated connections with other persons diagnosed with HIV
or other STDs.

Name Platform Price Features
uss9)

Birmingham AIDS Outreach iPhone, Android Free Connect to resources and support groups

HIV and Your Heart iPhone Free Track CD4, viral load, weight, smoking, and other heart
health measures

i StayHealthy iPhone, Android Free Track CD4, vira load, medications, adherence, side ef-
fects, illnesses; darm

Patient Treatment Companion iPhone, Android Free Track CD4, vird load, medications, appointments, weight;
aarm

PositiveSingles iPhone, Android Free Connect to other positive persons

PozTracker iPhone 3.99 Track CD4, vira load, medications, clinic locations, aler-
gies, insurance; alarm

Red Ribbon HIV/AIDS Manager iPhone, Android 9.99, 1.99 Record allergies, medications, CD4, vira load; alarm

Talk Positive iPhone Free Track side effects, CD4, viral load, medications, appoint-

ments, alergies

The two highest user-rated apps for HIV/STD-positive persons
were HIV and Your Heart [30] (5 stars) and iStayHealthy [31]
for both the iPhone and Android (4.7 stars). The HIV and Your
Heart [30] app included videosfeaturing providers, experts, and
HIV-positive persons. This app also provided information about
HIV and heart health, smoking cessation, diet and exercise, and
awellness checklist for tracking 9 health measures, including
viral load and CD4 cell counts. The iStayHealthy [31] app

http://www.jmir.org/2013/1/el/

provided atracking and charting feature for viral load and CD4
cell counts (Figure 2), acomponent to record missed medication
doses and medi cation side effects, amedication reminder alarm,
and a place to record other medical history data, such as clinic
locations and illness events. This app aso included a photo
library of HIV medication pill images that could be tailored to
adaily medication schedule (Figure 3).
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Figure 2. Screenshot of the iStayHealthy app’s user-generated CD4 cell count tracking. Android version shown on Samsung Galaxy S IV. Actua
phone screen size: 9.6 x 5.5 cm. Reproduced with permission from creator, Dr Peter Schmidit.
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Figure 3. Screenshot of iStayHealthy app’s user-generated HIV medication list. iPhone version shown on Apple iPhone 4. Actua phone screen size:
6.8 x 4.5 cm. Reproduced with permission from creator, Dr Peter Schmidt.
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Inter active App Components (n=9) or arisk assessment activity (n=6). Here we highlight 4

examples of different types of interactive components (full
Fifteen apps (27%) that did not specifically target HIV-infected  descriptions of all interactive app components available upon
personsincluded an interactive component, suchasagame/quiz  request). In Condom Pro[32], players advance through 10 game
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levels by using the phone's touchscreen to carefully “open” a
condom, correctly place it over an object (Figure 4), and
correctly remove it from the object. It's Your Shout [33] asks
the user a series of humorous personality questions and then
matchesthe user’s profile with asuperhero or celebrity’s profile.
The final message with each quiz announces that, “Even
superheroes can get Chlamydia. Be tested. Be sure” The user
isthen given the option to order ahometesting kit for chlamydia
screening. The STD411 [24] app features an interactive chart

Muessig et al

for gay, bisexual, and transgender men where flashing colored
condoms (red, yellow, and green) indicate the level of risk of
different sexual activities for various STDs (Figure 5). As the
user selects various colored condoms, diseases, or sexua
activities, a brief risk explanation appears above the graphic.
Finally, SeX Factor [34] includes a game in which the user
moves acrossagame board by choosing and correctly answering
an HIV/STD quiz question. Users who successfully cross the
game board win afree chlamydia home test kit.

Figure 4. Screenshot of user placing a condom on a practice object in the interactive Condom Pro app. iPhone version shown on Apple iPad 2 for
clarity. Reproduced with permission from Liz Sabatiuk, Social Media Manager, The National Campaign to Prevent Teen and Unplanned Pregnancy.
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Figure5. Screenshot of the MSM-tailored, interactive sexual behavior risk chart from STD411. iPhone version shown on Apple iPad 2 for clarity.
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ApD Rati average storerating of 3.7 out of 5 stars. In general, apps were

pp Ratings infrequently downloaded (median 100-500 downloads) with
Customer ratings and number of app downloads roughly only 11 apps exceeding 1000 downloads. Most (46/69, 67%)
measure an app’s acceptability and popularity. More than half  of the apps were free; the remainder ranged in price from US
(38/69, 55%) of the apps were customer rated yielding an  $0.99 to $9.99. Among apps that charged a fee, those charging
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over the median of US $0.99 al received fewer than 100
downloads.

The most popular app based on reported number of downloads
was Sex Facts [35] that had a star rating of 4.0 and downloads
between 500,000 and 1,000,000. This app featured arevolving
index of sex-related factoids that could be shared with friends
via socia network sites (eg, Facebook and Twitter) or email.
The included HIV/STD facts on this app were not
comprehensive and it was not clear how the specific facts were
chosen. For example, only 2 facts referred to HIV
transmission/acquisition: “HIV istransmitted through the blood”
and “According to the Centers for Disease Control and
Prevention (CDC), using a condom every time you have sex
can lower your risk of HIV infection.” Regarding other sexually
transmitted diseases, only human papillomavirus (HPV) was
mentioned by name in a factoid that stated that HPV “is the
world’smost common sexually transmitted infection.” Although
sexuality was listed in the app’s description, the overwhelming
majority of facts centered on heterosexuality.

Apps Tailored for Specific Populations

A small proportion of apps appeared to include or target specific
populations. Approximately one-quarter (13/55, 24%) of apps
were designed for a particular geographic area: England (Big
Night Out [36], It's Your Shout [33], Protection-Sex [37], Safer
Sex [38], Sex Guide [39]); China/Singapore (Action For AIDS
[22], My First Time [40]), Denmark (Safesex Guide [41]);
Ireland (Sexual Health Guide [27]); Birmingham, Alabama

http://www.jmir.org/2013/1/el/
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(Birmingham AIDS Outreach [42]); Massachusetts (MASTDinfo
[43]), New York City (NY C Condom Finder [44]); Philadel phia,
Pennsylvania (iCondom Philly [45]); and San Francisco,
Cdlifornia (STD411 [24]).

A minority of apps (n=10) wereinclusive of information about
anal sex or featured information for lesbian, gay, bisexual, or
transgender (LGBT) persons. These appsincluded Birmingham
AIDS Outreach [42], HIV RISK Calculator [46], MASTDinfo
[43], Safe Sex Tips [26], Safer Sex [38], Sex Detective [47],
Sex Guide[39], Sexual Health Guide[27], STD Risk Calculator
Lite [48], and STD411 [24]. Of these, the only tailored apps
were MASTDinfo [43], which provided information and testing
center locations for men who have sex with men (MSM) in
Massachusetts, and STD411 [24] that provided information and
resources for gay, bisexual, and transgender men in San
Francisco (Figure 5).

Nine apps included pictures, text, or videos with persons from
racial or ethnic minority groups: AfterSex [49], AIDSinfo
HIV/AIDS Glossary [50], Birmingham AIDS Outreach [42],
HIV and Your Heart [30], Kenny Condom [51], Men's Sexual
Health [52], Pos or Not [23], STDIQ [25], and TKNO [53].
Among these, STDIQ [25] was tailored for black and Latino
men and women. This app features videos from the Safe in the
City campaign (Figures 6 and 7), a theory-based intervention
found to reduce incident STD cases [54]. Kenny Condom [51]
isbased on apreviously devel oped character and Web initiative
tailored toward young African American men and “the hip-hop
generation.”
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Figure 6. Screenshot of STDiQ app featuring racially/ethnically diverse videos from the Safe in the City STD reduction intervention. iPhone version
shown on iPad 2 for clarity. Reproduced with permission from Cornelis A Rietmeijer, MD, PhD, MSPH, University of Colorado, Denver.
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Figure 7. Screenshot of STDiQ app featuring a bar scene from Rueben’s one-night stand in the Safe in the City STD reduction intervention. iPhone
version shown on iPad 2 for clarity. Reproduced with permission from Cornelis A Rietmeijer, MD, PhD, MSPH, University of Colorado, Denver.
11:40 AM )

Discussion

In our review of AppleiTunesand Android Google Play apps,
we found 55 unique apps that fostered HIV/STD prevention
and care services. In general, these apps were underutilized and
only a few apps received high user ratings. Apps primarily
focused on providing disease information, and only 6 apps
covered al 4 areas of a basic prevention strategy (knowledge
raising, risk reduction, condom promotion, and testing).
However, we also found examples of apps that used a tailored
and/or interactive approach and appsthat illustrated the potential
for integrating mobile phone technologies into more
comprehensive HIV prevention and care.

There are a number of benefits to using mobile phone apps to
provide HIV/STD prevention and care services. Apps offer
convenience to both the user and the developer because they
provideaflexibleway to reach alarge audience at an affordable
cost. Apps can provide individually tailored and interactive
HIV/STD prevention interventionsthat are constantly accessible
and allow the user to seek information while maintaining
anonymity. Intervention customization and interactivity have
been found to beimportant for effectivenessin behavior change
interventions, including those that are technology based [55].
Well-designed mobile phone apps accommodate self-tailoring
and personalization by allowing the user to choose which app
features they wish to use and selecting messages and

http://www.jmir.org/2013/1/el/

notifications they wish to receive through the app, email, or
SMS. Unlike SM S and automated voice messages that are sent
at specific times, theinteractive functions of mobile phone apps
are constantly available, allowing users to engage with the app
at their convenience.

The HIV/STD phone apps also capitalize on delivering an
intervention in away that is familiar, desirable, and discrete to
at-risk populationsincluding youth, MSM, and racial and ethnic
minorities [56]. Within the United States, the black population
representsthe most active and fastest growing user group of the
mobile Internet [57]. And MSM have also been shown to have
greater access to and use of cell phone technologies compared
to heterosexual populations [58], increasing the likelihood of
delivering highly engaging prevention messages to this
hard-to-reach population, including those who are not reached
through in-person or group interventions [59].

Unfortunately, many of the very features that make apps such
a promising platform for delivering HIV/STD prevention and
care services appear to be lacking in the currently available
HIV/STD-related apps. Based on our review, as of August 1,
2012, less than 0.3% of the more than 29,000 health-related
apps available for iPhone and Android consumers[18,19] were
dedicated to HIV/STD information and prevention. Furthermore,
existing HIV/STD apps have generaly failed to attract the
attention and positive reviews of target audiences. Thisislikely

JMed Internet Res 2013 | val. 15 | iss. 1 [el | p.119
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

because of a combination of inadequate app promotion and
failure to create engaging, attractive apps. How can we do
better?

Many of the core elements of social marketing offer an
appropriate guiding framework for developing health
interventions with mobile technologies [60,61]. Limited
downloads and low user ratings indicate that most HIV/STD
apps have not achieved the ideal social marketing mix of
“product, price, place, and promotion.” Social marketing
principles, such as audience analysis and segmentation, and the
use of formative research during product design would ensure
that apps are devel oped with the user in mind [62]. For example,
in focus groups we have held with young, black MSM in North
Carolina, more men owned mobile phones that operated on an
Android OS rather than an iOS platform (Muessig et d,
unpublished). Thus, although a larger overall number of users
in this age bracket may own iPhones, those who face a
disproportionately high risk of HIV infection (young, black,
and MSM) [63] might be better reached with an
Android-supported app. Similarly, HIV/STD app developers
need detailed information about who does and does not have
access to these technologies. For example, general consumer
research shows disparitiesin smartphone ownership by income.
However, in our focus groups among young, black MSM, we
found consistent smartphone ownership even among men with
annual income under US $12,000 (Muessig et al, unpublished).

Relatedly, apps should include content and form that resonates
with specific populations and that they want or need to use[64].
For example, an app that features a 3-paragraph narrative
description about HIV clinic visits could be transformed into
an interactive 10-point checklist of questions and topics that a
patient could use to prepare for the appointment. This altered
format engages the user and could be designed to allow users
to self-tailor by entering their own checklist items.

Social marketing approaches also incorporate systems for
process evaluation and iterative feedback. Ideally, app
devel opers should be collecting target audience input throughout
the development and usability testing process, as well as
regularly updating their apps based on user feedback and
advancesin the HIV/STD field. Updates are especially critical
for appsthat provideinformation about rapidly evolving topics,
such as testing locations, support services, and available HIV
medications. Aswith any other intervention, these apps should
be evaluated for measures of effectiveness. This requires
identifying outcome goal s and measurement metrics at the start
of app design and development (eg, increased medication
adherence, increased condom use, increased HIV testing
frequency). Successful technology interventions such as these
will require more involved collaborations between devel opers
and public health HIV/STD researchers and practitioners [65].

Market research showsthat smartphone ownersregularly remove
unused apps from their phones, thus design and content must
be sufficiently useful and entertaining for consumers to keep
them on their phones [66]. One analysis of app retention (as
defined by the use of an app in the past 7 days) found a global
retention rate of only 14.8% and USrates at alower 12% [67].
Apps that incorporate more interactive components, such as
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games, quizzes, and activities, may be able to improve
atractiveness and user retention. The categories of
“entertainment” and “games’ comprisethelargest market share
of available, active apps (27% to 29%) [19,68] and half of the
top 10 most-downloaded apps of 2011 were gaming apps [69].
Game features of hedth interventions (eg, health-related
challengesand rewards, ability to “level up,” and use of avatars)
have been shown to promote and sustain healthy behaviors
[70-73]. Thus, building in moreinteractive and gaming features
in HIV/STD apps could improvetheir attractiveness and chances
for successful intervention.

In addition to aneed for better tailoring, design, and interaction,
there were a number of content areas missing from most apps.
First, apps for HIV-positive persons generally lacked
psychological and emotional support resources and messages
about the prevention of STDs and onward HIV transmission.
Second, additional tools are needed to promote HIV medication
adherence, support clinical monitoring, and facilitate
patient-provider relationships. Active technology tools for
self-monitoring have facilitated avariety of health improvement
programs from increasesin physical activity [74] to depression
management [75]. Interventions using electronic drug
monitoring devices suggest that these tools could also provide
benefits for HIV-positive persons in improving medication
adherence [76,77]. A few of the apps we identified included
these types of tools, and assessments are needed to identify
optimal design and efficacy. Additional mechanisms should be
tested for providing linkage between the user/patient and their
health care team. These features could include remote health
coaching, symptom and side effect monitoring, and provision
of real-time feedback. Third, a stronger emphasisis needed on
interpersonal skills in the context of HIV/STD risk. Very few
apps modeled condom negotiation, HIV/STD status disclosure,
or sexual decision making in the context of relationships (see
STDIQ[25] and Posor Not [23] for notable exceptions). Finally,
therewere almost no descriptions of biomedical HIV prevention
options, such as earlier initiation of antiretroviral therapy or
preexposure and postexposure prophylaxis.

Thisreview has several limitations. Our searches wererestricted
to the Apple iTunes and Google Play app stores. We selected
these phone platforms (iPhone and Android) because they
account for over 85% of the global app market [78,79] and,
thus, are likely to be representative of the apps available to the
majority of smartphone users. However, there may be
HIV/STD-related apps available through other platforms that
were not captured in our review. In addition, the field of app
development is in constant motion with large numbers of new
apps being created and other apps being deleted every day.
[llustrating the speed of this development, the number of
available appsin the 4 leading app stores (Apple iTunes Store,
Google Play Store, Windows Phone Store, and Blackberry App
World) increased from 989,476 in December 2011 [79] to
1,574,645 in September 2012 [78]. Importantly, our review was
not designed to evaluate the effectiveness of identified appsin
achieving positive prevention or treatment outcomes.
Furthermore, we were not able to assess the user profiles of
those who downloaded these apps. Although a growing body
of evidence suggests high acceptability and smartphone
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ownership across diverse users[62,80], as discussed previoudly,
detail ed sociodemographi c information (eg, user age, education,
socioeconomic class, sexual orientation, race/ethnicity, and
native language) should critically inform the tailoring and
targeting of HIV/STD prevention and care apps.

Providing HIV/STD prevention and care servicesthrough mobile
phone apps shows great potential for growth, both inimproving
the acceptability and adoption of existing apps, and creating

Muessig et al

new HIV/STD apps. Future HIV/STD app development could
be informed by the principles of socia marketing to build
appropriately tailored, interactive apps. As biomedical advances
in antiretroviral treatment are bringing the prevention of onward
HIV transmission within our reach, we can use the powerful,
widespread technol ogies offered through maobile phone appsto
explore behavioral interventions for risk reduction and close
gaps in HIV/STD testing, treatment adherence, and retention
in care.
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Abstract

Background: Internet-based interventions using cognitive behavioral approaches can be effective in promoting self-management
of chronic pain conditions. Web-based programs delivered via smartphones are increasingly used to support the self-management
of various health disorders, but research on smartphone interventions for persons with chronic painis limited.

Objective: The aim of this trial was to study the efficacy of a 4-week smartphone-delivered intervention with written diaries
and therapist feedback following an inpatient chronic pain rehabilitation program.

Methods: A total of 140 women with chronic widespread pain who participated in a 4-week inpatient rehabilitation program
were randomized into 2 groups: with or without a smartphone intervention after the rehabilitation. The smartphone intervention
consisted of 1 face-to-face session and 4 weeks of written communication via a smartphone. Participants received 3 smartphone
diary entries daily to support their awareness of and reflection on pain-related thoughts, feelings, and activities. The registered
diarieswereimmediately availableto atherapist who submitted personalized written feedback daily based on cognitive behavioral
principles. Both groups were given access to a noninteractive website after discharge to promote constructive self-management.
Outcomes were measured with self-reported questionnaires. The primary outcome measure of catastrophizing was determined
using the pain catastrophizing scale (score range 0-52). Secondary outcomes included acceptance of pain, emotional distress,
functioning, and symptom levels.
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Results: Of the 140 participants, 112 completed the study: 48 in the intervention group and 64 in the control group. Immediately
after the intervention period, the intervention group reported less catastrophizing (mean 9.20, SD 5.85) than the control group
(mean 15.71, SD 9.11, P<.001), yielding a large effect size (Cohen’s d=0.87) for study completers. At 5-month follow-up, the
between-group effect sizes remained moderate for catastrophizing (Cohen’s d=0.74, P=.003), acceptance of pain (Cohen’sd=0.54,
P=.02), and functioning and symptom levels (Cohen’s d=0.75, P=.001).

Conclusions: The results suggest that a smartphone-delivered intervention with diaries and personalized feedback can reduce
catastrophizing and prevent increases in functional impairment and symptom levels in women with chronic widespread pain

following inpatient rehabilitation.

Trial Registration:
WebCite at http://www.webcitation.org/6DUeL pPY)

(J Med Internet Res 2013;15(1):€5) doi:10.2196/jmir.2249

Clinicaltrials.gov NCT01236209; http://www.clinicaltrials.gov/ct2/show/NCT01236209 (Archived by

KEYWORDS

Widespread Chronic Pain; Fibromyalgia; Self-management; Maobile phones; Internet; Cognitive Therapy; Catastrophization,

Recurrence

Introduction

Chronic widespread pain is a common cause of suffering. An
estimated 4% to 10% of the adult population experiences chronic
widespread pain, ie, musculoskeletal pain lasting for morethan
3 months not caused by anidentifiable physical pathology [1-5].
This pain is often accompanied by other symptoms, including
fatigue, deep disturbance, and emotional distress [2]. A
subgroup meets the criteria for fibromyalgia syndrome, where
in addition to the chronic pain, the pain thresholds are reduced
and tenderness in more than 10 of 18 specified trigger pointsis
identified [2,3]. The development and maintenance of chronic
widespread pain and fibromyalgia involve a complex dynamic
process with biological, cognitive, and psychosocial factors.
The cause or underlying mechanisms are still not clearly
identified and no single cureis available. Mal adaptive thoughts
and feelings seem to play an important part in the negative spiral
resulting in the maintenance of chronic pain [6].
Multidimensional rehabilitation, including physical exercise
and cognitive behavioral therapy (CBT), is recommended as
treatment [7-8]. A key element is self-management, eg,
balancing activity and rest, stress management, emotion
regulation, and doing appropriate physical exercises [6-10].
However, relapse of symptoms is not uncommon [8,11,12]
because self-management can be challenging due to the nature
of the symptoms. Few studies have examined home-delivered
interventions that aim to support self-management of chronic
pain following rehabilitation [11-13].

Pain Conditions and Web-Based | nterventions

Internet-based interventions using cognitive behavioral
approaches can be effective in promoting self-management of
chronic pain conditions[14-16]. Web-based programs delivered
through smartphones are increasingly used to support the
self-management of various health disorders; however, research
on smartphone interventions for patients with chronic pain is
limited [17]. Among the advantages of using smartphonesrather
than the traditional personal computer saretheir small sizeand
mobility, making self-management support availableto the user
in most situations [17]. Diaries with questions intended to
support awareness and reflection are made available on the
phone and the registered information can be submitted to a

http://www.jmir.org/2013/1/e5/

website and made instantly available to a therapist. Feedback
can be automatically delivered and tailored to the registered
information to some extent, or it can be even more personalized
by atherapist [18-20]. In arecent study, a panel of health care
professionals and people experiencing chronic pain discussed
characteristics of a successful Internet self-management
program. Important features included assisting patients to be
more aware of their patterns of behavior and psychological
experience, supporting the pursuit of personal goals and
values-based behavior, and by using asmall and mobile device
for real-timemonitoring and response [21]. The number of pain
self-management applications for smartphones has increased
exponentially since 2009 [22]. In 2010, more than 90
applications offering support in the self-management of chronic
pain were available in application stores. There is a need for
research in this field because many applications seem to have
been developed without the involvement of a hedth care
professional and, to our knowledge, none have been tested in
randomized trials [22].

Theoretical Model

Cognitive and emotional factors influence the pain experience
[23]. Among the psychological constructs that can play an
important role in the devel opment and maintenance of chronic
pain is catastrophizing [6,23,24]. Pain-related catastrophizing
includes the tendency to ruminate about and magnify symptoms,
to expect the worst, and to feel helpless regarding
self-management [25]. Catastrophizing tends to discourage
patients from committing to their valued behavior and it has
consistently been found to predict distress and disability
[6,26,27]. In rehabilitation, catastrophizing is targeted in a
number of ways, such as with CBT and exercise programs
[6,28]. However, interventions delivered in the patient’s private
environment, supporting awareness of maladaptive thoughts
and feelings, and providing personalized feedback may further
help reduce catastrophizing [13,18]. A mobile phone-delivered
intervention with diaries and daily CBT-based feedback has
been found to reduce catastrophizing thoughts in patients with
irritable bowel syndrome and these effects were maintained at
a 3-month follow-up [18].
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Acceptance and Commitment Therapy (ACT) is a
third-generation CBT based on the notion that suffering may
largely be caused by thinking about painful experiences rather
than the experiences themselves [29]. Suffering can be reduced
through mindfulness, acceptance, and committed action [29].
ACT has been found to be effective for people with various
chronic health disorders [30], and has been used successfully
to reduce catastrophizing and disability in chronic pain patients
[31-33]. The gods are to promote psychological flexibility,
such as acceptance of, rather than struggling with, unwanted
thoughts, emotions, and symptoms (eg, pain or catastrophizing)
and to increase commitment to personal values [28,29,34]. A
person’svalues are described as his or her desired way of being
within various life domains (eg, being a caring friend). Values
differ from goals in that they can never be fully obtained, but
can give a continuous sense of motivation, direction, and
purpose [28]. The focus on values is also evident in the
self-determination theory (SDT) that states the importance of
perceiving behavior as self-determined for intrinsic motivation
to be maintained [35]. According to the SDT, context-specific
feedback can play arole in enhancing intrinsic motivation to
maintain behavior [35]. Guidance was aso found in the
elaboration likelihood model of persuasion theory [36]. This
theory specifies how information can be constructed and
presented to enhance either cognitive elaboration or emotional
elaboration intending to influence behavior change. Elements
focused on in this study are repetition, personal relevance and
involvement influencing the cognitive level, and influencing
emotional pathways through emotion recognition, mindfulness
exercises, and empathic communication.

Aimsof the Study

We hypothesized that receiving personalized feedback shortly
after having registered pain-related thoughts, feelings, and
self-management activitiesin an everyday setting might reduce
catastrophizing and increase functioning. The results of our
pretrial study of a similar smartphone intervention indicated
feasibility and user-friendliness for patients with chronic
widespread pain [20].
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The present randomized controlled trial investigatesthe efficacy
of a smartphone intervention on catastrophizing, acceptance,
emotional distress, values-based behavior, and functioning and
symptom level in women with chronic widespread pain who
had completed a 4-week inpatient rehabilitation program. For
thefirst 4 weeks after discharge, the intervention group received
aWeb-based intervention comprising registration of symptoms,
thoughts, feelings, and self-management behavior through daily
smartphone diaries and written personalized CBT-based
feedback. It was hypothesized that the i ntervention group would
show less catastrophizing and emotional distress, more
acceptance of pain, and success in values-based living, and
improved functioning and symptom levels after completing the
intervention period and at a 5-month follow-up compared to a
control group.

Methods

Study Design

The overall study design is shown in Figure 1. The designisa
parallel-group, randomized controlled tria . Block randomization
was used for practical reasonsto ensure similar numbersin each
group at each time point. All participants attended a 4-week
inpatient multidimensional rehabilitation program for chronic
pain (see Treatment Procedures). In the fourth week of the
program, participants were randomly assigned to 1 of the 2
study groups. The intervention group received a smartphone
intervention for 4 weeks after completing the inpatient
rehabilitation. Both groupswere given accessto anoninteractive
website with self-help pain management material. Self-reported
assessments were gathered at 4 time-points: before (T1) and
after (T2) the inpatient program, 4 weeks after discharge when
the intervention group had completed their smartphone
intervention (T3), and 6 months after discharge from the
rehabilitation center (T4). The first 2 questionnaires were
received and completed at the rehabilitation center and the last
2 were completed at home and returned by mail. One reminder
letter was sent followed by aphone call from aresearcher if the
guestionnaire was not returned.
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Figure 1. Study design and participant flow.
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Participants

Participants were recruited consecutively from Jelay Kurbad  program for chronic pain, having chronic widespread pain for
Rehabilitation Center in Moss, Norway. Patients were referred  more than 6 months (with or without a diagnosis of

tothe center by their general practitioner or amedical specidist.  fibromyalgia), not participating in another research project at
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the rehabilitation center, being able to use a smartphone, and
not being diagnosed with a profound psychiatric disorder. The
study took place between February 2009 and August 2010.

Ethical Aspects

The study was approved by the Regional Ethics Committeein
South-East Norway and by the Norwegian Social Science
Services. All participants signed an informed consent form. The
study isregistered at Clinical Trial.gov (NCT01236209).

Procedures

At admission to theinpatient rehabilitation program, al chronic
widespread pain patients received a written invitation to attend
aninformational group meeting where aresearcher or aresearch
assistant presented the study. Those who were interested in
participating and met the inclusion criteria were given an
informed consent form to sign.

A computer-generated sequence list with the 2 groups
randomized in blocks of 4 was used because admission of 4
patients per week was expected. The computer-generated
inclusion pattern was either 2 participantsin each group or 3to
one group, sometimes 3 in the control group and other times 3
in the intervention group, until the final number of 140 was
reached. A research assistant put the alocation information in
sequentially numbered envel opes and sealed them. A researcher
subsequently gave each participant a number and opened the
matched envelope to reveal the group allocation. The
information about group allocation was revealed to the
participant at the inclusion meeting with a nurse in the final
week of the inpatient program.

Assessment M easures

Parti cipants compl eted self-administered questionnairesin paper
format on arrival at the rehabilitation center (T1), at discharge
(T2), immediately after the smartphone intervention (T3), and
6 months after discharge from the rehabilitation center (T4),
which was 5 months after the smartphone intervention.

The pain catastrophizing scale (PCS) [25] was used to measure
the primary outcome variable of the study, catastrophizing. It
is a 13-item questionnaire with questions on helplessness,
magnification, and rumination. Patients rate items on a scale
from O (not at al) to 4 (al the time). The total score range for
the PCSis0to 52, with higher scores reflecting higher degrees
of catastrophizing. In our sample, theinterna consistency was
high on all assessments (Cronbach alpha range .892 to .942).
As in prior research, scores greater than 24 were considered
high [25,37].

The chronic pain acceptance questionnaire (CPAQ) [38] was
used to measure acceptance. It isa20-item self-report instrument
devel oped to capture the extent of participationindaily activities
despite pain and willingness to experience pain without trying
to control, ater, or avoid it. It isscored on a7-point Likert scale
(0 =never true; 6 = dwaystrue) to give the total score (0-120).
Higher scores reflect higher acceptance of pain and higher
activities engagement. The reliability of the CPAQ has been
established [38]. In our study, the Cronbach alpha coefficients
were .814 to .910.
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The questions from the 12-item General Health Questionnaire
(GHQ) were used [39] with modified response alternatives.
Responses to all items were given on the same 4-point scale
(much lessthan usual, same as usual, morethan usual, and much
more than usual), but not on 2 scales as in the original. The
guestions measure changes in emotional distress over the
previous couple of weeks. A bimodal scoring method was used
(1 = symptom present more than usual; 0 = symptom present
less than or as usual). Total score range is 0 to 12; indicating
the number of symptoms present more than usual during the
past 2 weeks. In the current study, the Cronbach alpha
coefficients were .703 to .871.

The Chronic Pain ValuesInventory (CPV1) isa 12-item measure
of importance and success in living according to one's own
valuesin 6 domains (family, intimate relationships, friendship,
work, health, and personal growth) [40]. Each item israted on
a scale from 0 to 5, with higher numbers indicating more
importance or success. The mean success rating was used as a
measure of values-based action (score range 0-5), as suggested
by the authors [40]. In the present study, the Cronbach alpha
coefficients for the success scale were .754 to .882.

The current levels (past couple of days) of pain, fatigue, and
sleep disturbance were assessed on visual analog scales (VAS)
from O (no pain/fatigue/sleep disturbance) to 100 (worst
imaginable pain/fatigue/sleep disturbance) because these are
cardinal symptoms of chronic widespread pain and fibromyalgia.

The original version of the Fibromyalgia lmpact Questionnaire
(FIQ) was used to measure the impact of fibromyalgia on
functioning and symptom levels the past week. It consists of
10 questions with different response alternatives. One question
includes 10 subitems related to the ability to perform activities
of daily living. The response alternatives are given on a 4-point
scale. The other questions enquire about general well-being,
ability to work, and level of pain, fatigue, stiffness, and
symptoms of anxiety and depression. Questions on symptom
level are answered using a VAS from 0 to 100 (high symptom
level). The scorerangeis0to 100; higher scoresindicate greater
impairment [41]. The Cronbach al pha coefficients were .807 to
.860.

The Short-Form Health Survey (SF-8) was a so used to measure
functioning. The SF-8 includes 8 items, scored on 5- or 6-point
Likert scales, regarding level of functioning the past week.
Summary measure scales for the mental health component and
the physical component were obtained by using SF-8 Scoring
Software 4.5[42]. Scoring is standardized using the means and
standard deviations from a survey from the general adult
population in the United States (standardized mean 50, SD 10).
Higher scores indicate better functioning; scores above 50
indicate functioning above the average in the US population.
In the Norwegian version used in the present study, wording of
response optionsfor 2 items differed slightly from the original.
In the original, the response alternatives for the item on role
physical are none at al, alittle bit, some, quite alot, and could
not do daily work. In our version, instead of “a little bit” the
response was “very little” In the original, the response
alternatives for the mental health item are not at all, dlightly,
moderately, quite a lot, and extremely. In our version, “very
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little” was used instead of “dlightly.” The Cronbach alpha
coefficients were .785 to .865 in the present study. Use of the
noninteractive website was assessed with a self-report 4 weeks
after discharge (T3) on how often the participant had visited
the website.

Feasibility of the smartphone intervention was assessed with
single questions postintervention (T3). For example, “I feel it
has been a burden to participate in this intervention (to fill out
diaries and receive feedback)” with a5-point Likert scale (1 =
agree completely; 5 = disagree completely).

Treatment Procedures

I npatient Multidimensional Rehabilitation

All  participants participated in a 4-week inpatient
multidimensional rehabilitation program for patients with
chronic pain. It included education in pain mechanisms and
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CBT-based pain management (approximately 20 hours), group
sessions based on motivational interviewing (4 hours), various
forms of aerobic exercise (outdoors, in the pool, and inthe gym),
stretching, and relaxation. In addition, individual myofascial
pain treatment was given in accordance with the protocol of
Travell [43,44] and medication was administered as needed (see
[9] for details of the program).

Smartphone | ntervention: Diariesand Daily Situational
Feedback

The intervention was developed in 2008. One of the authors
(EE) was responsible for the software development. The
usability of the intervention was tested in a pretrial study with
6 women with chronic pain. Participation was experienced by
the magjority as supportive and motivating [20]. The key ACT
concepts and a summary of their operationalization in the
intervention are shown in Table 1 [28,34].
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Table 1. Examples of Acceptance and Commitment Therapy (ACT) elementsin diaries and feedback.

Kristjansdottir et al

ACT element  Aimof diaries Examplesof diary quess Aim of feedback Examples of feedback
tions
Cognitive defu- Awarenesssup- (1) Right now, my Reflection on effects of thoughts and | see that you register that your breathing
sion/ ported by mak- breathingisdeep andre- feelings on behavior isnot relaxed. Can you give yourself a
mindfulness ing diary entries  laxed. (2) Right now, | minute or two to just notice your breath-
on thoughts, believeit is harmful for ing? Maybe you can find a quiet spot and
feelingsandbe- me to use my body. (3) close your eyes. You could try breathing
havior three Right now, | am coping deeply and slowly a couple of times. Try
times aday well with the pain. focusing only onyour breath. If you want,
you can listento theinstructionsto ashort
mindfulness breathing exercise on the
smartphone/website. All the best, Ann.
Valuesandval- Awareness, Today, | planto[multiple Reflection on values and values-based | see you have done your stretching exer-
ues-based ac- planning and choices possible]: takea behavior based on reportsin diaries cises today despite reporting apain level
tion evaluation sup-  walk/work/rest lying of 6 (scale from 0to 10; O=no pain,
ported by keep-  down/do household 10=worst imaginable pain). Can you give
ing adiary chores/do relaxation exer- yourself a moment to reflect on why this
cises/take care of chil- is something you value and choose to do?
dren or others/eat regular- I would like to ask you to reflect again on
ly/exercise at amoderate your values, if you arewilling to, over the
tempo/do my stretching next few days. Values are qualitieswe
exercises/spend timewith ourselvesthink areimportant and can give
family/rest sitting usasense of directionin life. We can ask
down/spend time with ourselves questions like: What kind of a
friends/do some shop- person would | like to bein my relations
ping/do aerobic exercis- with my family? What can | do today that
es/do something just for would get me a bit closer to thisideal? Is
the pleasure of it. this something | am willing to do? Our
values are something we can continuously
work toward (like being a caring friend),
not something wewill obtain once and for
all. Have anice weekend, Ann.
Acceptancevs  Awarenessof a (1) Right now, | am Supporting willingness to act in accor- (1) | seethat today you are not too pleased
avoidance spectrum of afraid to be active be- dancewith valuesdespitepain or discour-  with your life. Can you give yourself a
pain-related cause of my pain.” (2) aging thoughts and feelings moment and reflect on what you would
thoughts, feel-  Right now, | feel my life want to do today if you were pain free?ls
ings, and behav- is good despite my pain. it possible for you to take asmall step to-
ior supportedby  (3) Right now, | am do- ward what you want even with your pain?
keeping adiary ingwhat | want to even Could you, instead of saying, 1 want this,

if it means increased
pain.

BUT | have pain and therefore can't” say
“| experience pain AND | am taking baby
steps toward something valuable to me.”
Are you willing to take small steps? (2)
Last night you reported apain level of 8
and that you felt relaxed, grateful, and
pleased with the day’s activity level. Can
you take amoment to reflect on what kind
of self-management strategies you used
yesterday? All the best, Ann

The smartphone intervention had the following 4 components:

1. Face-to-face session. The intervention started with a 1-hour
individual session between a nurse working on the project and
the participant. The session took place in the final week before
discharge. Each participant wasinformed about theintervention
and asked about functioning, goals for health-related behavior,
and support needs. Values and values-based activities were
discussed and the patient received 2 written values-based
exercises to take home. The participant was lent a smartphone
(HTC TyTN) with a touchscreen and a keyboard. The
participants received information (name and qualifications)
about their therapist for theintervention (in some casesthiswas
the nurse at the meeting). The nurse attending the face-to-face
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session summarized the meeting and sent it to the relevant
therapist.

2. Web-based diaries. The participant was asked to complete 3
diary entries per day using the smartphone. See Figure 2 for a
view of the screen display. The diaries included 16 to 24
guestions about the current level and interference of pain, and
feelingsand thoughtsrel ated to avoidance, catastrophizing, and
acceptance. They also included questions about planned and
previous use of sdf-management activities and daily
values-based and practical activities. Lists of self-management
activities (eg, mild exercise, stretching, resting, aerobic exercise,
and pleasurable activity) were provided as a reminder. The
guestions were chosen to support self-monitoring and reflection
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and wereformulated in accordance with the experience sampling
method principles designed to capture experience in real time
without retrospective bias (eg, “Right now | amfedling...”) [45].
See Table 1 for examples of the questions. Participants answered
most questions by choosing predefined alternatives or scoring
on 5-point Likert scales as shown in Figure 2. All diaries
included a comment field giving participants the opportunity
to write a short personal message to the therapist. The morning
and evening diary entries were sent at fixed hours chosen by
each participant. The second diary entry of the day was sent at
atimerandomly chosen by the Web server, between 11 am and
2 pm. The purpose of including 3 diary entries, including 1 at
arandomly chosen time, was to encourage self-monitoring and
reflection at different hours and in different situations. At the
time scheduled for diary completion, the participant received a
Short Message Service (SMS) message with alink to a secure
website, where the diary could be opened and questions
answered and posted. The participants completed thefirst diary
entry during the face-to-face session, and continued during the
final week before discharge with the goa of getting used to the
diaries before discharge (a run-in period). After discharge, the
diaries were received for 4 weeks. The participant could call a
member of the research group (OBK or HE) for technical
support. No data were kept on the mobile phone. Up to two
automated SM S reminders were sent, if the participant had not
responded within 20 to 40 minutes after receiving the SMS
signalizing adiary form.

3. Written situational feedback. For 4 weeks after discharge,
excluding weekends, participants received daily written feedback
from a therapist on the information they had provided in their
diaries. The feedback was personalized according to each
participant’s situation as reported in the diary. It was written in
an empathic style and included repetition of content reported
in the diaries, positive reinforcement, reminders of
self-management information given at the rehabilitation center,
ACT exercises, and reflective questions. The aim was to
encourage nonjudgmental awareness of catastrophizing and to
stimulate mindfulness and willingness to engage in meaningful
activities despite pain or other discouraging intrusions (Table
1). The instructions for the exercises were written directly in
the feedback or the participant was referred to exercises
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available on the mabile phone and/or the website. The feedback
was also personalized according to the summary of personal
information given at the face-to-face session (eg, family situation
and hedlth-related goal s) and results on self-reported discrepancy
between values and val ues-based living assessed with the CPVI
at the end of the rehabilitation program. The feedback was
usualy available for the participant within 90 minutes of
completing the second diary of the day. If this diary was not
submitted, feedback based on information from the most recent
submitted diary was sent. When the feedback was available, the
participant received an SMS with a link to the website where
the feedback could be found. There was no limitation on the
length of the feedback, which ranged from a few sentences to
afew paragraphs.

The feedback was written by any of 3 of the authors (OBK,
TLS, and HE); each participant received signed feedback from
the same person throughout the intervention. All therapists had
a background in health care sciences (nursing and/or
psychology) and had received training in ACT. The feedback
protocol was based on ACT for chronic pain [28,34] with a
different focus during each of the 4 weeks. For example, in the
first week, the focus was on supporting the participant to
continue doing the exercises/stretches as recommended at the
inpatient program, and during the second week, simple
mindfulness exercises were introduced (eg, a few minutes of
focused breathing). Once a week, the feedback included an
invitation to a values reflection exercise, and every week,
guestionswereincluded to stimulate reflection on health-related
goals. The final feedback comprised a written summary of the
registered diary information during the 4-week period. Content
from the growing bank of feedback written by all the therapists
was used for other participants when appropriate according to
theregistered information. It took 10 to 15 minutes, on average,
to write each piece of feedback. Two members of the group
supervised the content of the feedback. They had extensive
experience in teaching mindfulness meditation (HE) and
supervising CBT/ACT (EAF).

4. Audio files with guided mindfulness exercises. Four audio
fileswith mindful ness exercises (eg, focused breathing) guided
by the authors were available on the smartphones.
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Figure 2. Smartphone screen display of diary.

I nformational Website With Self-help Pain Management

Material

All participants received access to a website with information
on self-management strategies for people with chronic pain;
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not anticipated to have large effect on the study outcomes on
itsown. It was noninteractive (ie, participants could not register

any information or receive feedback). The website included a

few written ACT exercises and audio files with mindfulness
exercises (as described previously). An example of the written
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exercisesisabehavior analysis aiming to strengthen the ability
to observe thought content, feelings, and behavior and the
connection between these (adapted from [28]).

Statistical Procedures

Power analyses were based on the level of reported
catastrophi zing in chronic widespread pain samples|[5,20,46,47],
amoderate effect size (Cohen’sd=0.5), and allowing for attrition
commonly seen in studies on Internet interventions [15,48]. A

sample size of 70 participants per group was needed to detect
amoderate effect size in the primary outcome variable with a
2-sided 5% significance level and 80% power. To investigate
differences in demographic variables and baseline
characteristics, independent samplet tests, nonparametric tests,

and Chi-sguare tests were used. Data were checked for normal

distribution; t testswere used when found suitable for parametric
analyses, otherwise nonparametric tests (Mann-Whitney) were
applied. The Cohen's d effect sizes were calculated by using
the difference between the groups means divided by the mean
standard deviation of both groups. If 1 or 2 itemswere missing
on the GHQ, they were scored as 0 (symptom present less than
or asusud). If another instrument included 1 or 2 missing items,

theitem(s) were replaced with the mean of other itemsfromthe
participant’sinstrument. If 2 response alternatives were marked,

the healthier option was chosen. Total score was not computed
if morethan 2 itemswere missing, and the case was categorized
as missing a total score for the instrument. The number of

participants included in each analysis is given. In the
intention-to-treat analysis, the last observed value was carried
forward when data was missing. Five of the participants who
withdrew from the smartphone intervention sent in
guestionnaires at T3 and at the 5-month follow-up (T4). The
intention-to-treat analysisincluded all participants except those
who met the exclusion criteria after randomization (n=135). In
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the analysis of secondary outcomes, only those who completed
the interventions were included (n=112). A significance level
of P<.05was used and atendency toward difference was defined
asP<.1. Effect sizeswere categorized assmall (< 0.5), medium
(0.5-0.8), and large (> 0.8) in accordance with Cohen [49].

Results

Participants

A total of 265 women eligible for the study were invited to an
informational meeting about the project. Of these, 124 did not
attend the meeting or declined to participate. Only 1 was
excluded because of asevere psychiatric disorder. One hundred
and forty were randomized to the 2 study arms (Figure 1). Five
participants met the exclusion criteriaafter randomization (they
were originally submitted for vocational rehabilitation and
included in another research project) and 8 discontinued
participation before receiving the allocated intervention. In the
intervention group, 14 participants did not complete the
intervention. Many of those who discontinued participation did
so either at the meeting were the alocation information was
given or during the intervention’s run-in period at the
rehabilitation center. The most common reason for withdrawal
was finding the participation too stressful in combination with
the inpatient program. Another 6 participants discontinued the
intervention after discharge from the inpatient program.
Demographic data and baseline characteristics of the sample
by groups are presented in Table 2. Despite randomization, the
groups differed in mean pain level (P=.02) and physical
functioning measured by SF-8 (P=.03) at admission to the
rehabilitation center. There were no statistically significant
differences between the groups a discharge from the
rehabilitation center.
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Table 2. Participants' characteristics at admission to the inpatient program (T1).
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Characteristic

Smartphone intervention
(n=69)2

Control
(n=66)2

Age, mean (SD), n
Marital status, n (%)

Years of education, n (%)

Employment status, n (%)

Married or cohabiting
Divorced

Single

Widow

Unknown

10 years (elementary)
11-13 years (high school)
>13 years (college/university)

Unknown

Working/studying
Unemployed
On sick leave

On disability pension

Working/studying part time and part time sick

leave
Other combination of the above

Unknown

Diagnosed with fibromyalgia, n (%)

Duration of symptoms (years), mean (SD)

Current VASP rating (past couple of days), mean (SD), n

Pain
Fatigue
Sleep disturbance

Assessments € and ranges, mean (SD), n

PCS (0-52%

CPAQ (0°-120)

FIQ (0-100%)

SF-8, physical (0%-100)
SF-8, mental (0%-100)
GHQ-12 (0-12%

cpvi (0%6)

44,59 (11.13), 69

42 (60.9)
9(13.0)
13 (18.8)
4(5.8)
1(1.4)

13 (18.8)
19 (27.5)
30 (43.5)
7(10.1)

15 (21.7)
3(4.3)
27 (39.1)
12 (17.4)
8(11.6)

4(5.8)

0

55 (80.9)
13.11 (8.78)

67.08 (17.47), 69
67.40 (23.73), 69
57.24.(26.22) 68

21.24(10.33), 63
56.48 (15.02), 58
58.75 (16.39), 69
31.91 (7.57), 65
39.33(10.49), 65
3.32(3.38), 62

2.07 (0.95), 64

43.80 (11.20), 65

45 (68.2)
6(9.1)
10 (15.2)
2(3.0)
3(45)

8(12.1)
30 (45.5)
23(34.8)
5(7.6)

8(12.1)
1(15)
34 (51.5)
13(19.7)
5(7.6)

4(6.1)
1(15)

54 (84.4)
15.47 (12.09)

57.85 (21.60), 66
64.72 (21.02), 66
55.16 (23.38), 66

20.80 (9.45), 62
53.87 (13.81), 57
58.58 (16.04), 66
34.75 (7.35), 62
39.34 (9.61), 62
3.02(3.38), 61

2.01(0.73), 61

8 patients meeting exclusion criteria after randomization were not included in this analysis.
bVAS: visua analog scale, range 0-100.

¢ PCS: pain catastrophizing scale; CPAQ: Chronic Pain Acceptance Questionnaire; FIQ: Fibromyalgia |mpact Questionnaire; SF-8: Short-Form Health
Survey; GHQ-12: General Health Questionnaire; and CPVI: Chronic Pain Values Inventory.

d Values that indicate maximum symptom scores/least health.
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Information about fibromyalgiadiagnosiswas availablefor 132 shown in Tables 3 and 4, no significant group differences were
detected at discharge from the rehabilitation center on any of
the outcome variables.

participants, and 82.6% of these met the American College of
Rheumatology’s classification criteria for fibromyalgia. As

Table 3. Means and standard deviations for the primary outcome measure, the pain catastrophizing scale (PCS), at admission to inpatient rehabilitation

(T1), at discharge (T2), immediately after intervention (T3), and 5 months after the intervention period (T4).

Kristjansdottir et al

PCS

T1

T2

T3

T4

ITT and LOCF & , mean (SD), n
Intervention
Control

Per protocol, mean (SD), n
Intervention
Control

PCSscore> 24, n (%)
Intervention

Control

21.24(10.33), 63
20.80 (9.45), 62

20.56 (10.08), 43
20.78 (9.59), 60

13(30.2)
20 (33.3)

16.06 (10.37), 68
15.33 (9.31), 65

14.61 (8.93), 45
15.46 (9.76), 57

7(15.6)
10 (17.5)

12.32 (9.22), 69
16.07 (9.48), 65

9.20 (5.85), 47
15.71 (9.11), 37

0(0)
6 (16.7)

13.59 (9.72), 69
17.43 (11.60), 66

10.92 (8.58), 37
18.70 (12.45), 40

1(2.7)
14 (35.0)

2ITT: intention-to-treat; LOCF: last observation carried forward.
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Table 4. Means and standard deviations for the secondary outcome measures at admission to the inpatient rehabilitation (T1), at discharge (T2),

Kristjansdottir et al

immediately after intervention (T3) and 5 months after the intervention period (T4) for the participants who completed the study.

T3
mean (SD), n

T4
mean (SD), n

Secondary outcome measures® Tl T2
mean (SD), n mean (SD), n

CPAQ

Intervention 56.45 (15.22), 40 62.00 (13.62), 44

Control 53.94 (13.92), 56 62.21 (10.15), 57
FIQ

Intervention 58.46 (17.26), 48 46.38 (16.92), 47

Control 58.35 (16.18), 64 49.10 (17.32), 62
SF-8, physical

Intervention 32.12(7.74), 45 36.68 (8.42), 40

Control 34.98 (7.13), 60 35.86 (8.24), 49
SF-8, mental

Intervention 39.50 (10.67), 45 45.70 (8.06), 40

Control 39.09 (9.61), 60 44.83 (9.69), 49
GHQ-12

Intervention 3.19 (3.21), 43 1.20 (2.02), 45

Control 2.97 (3.43), 59 0.63 (1.01), 57
CPVI

Intervention 2.05(0.95), 44 2.47(0.91), 46

Control 2.02 (0.74), 59 2.52(0.68), 54
Pain, VAS

Intervention 66.59 (17.58), 48 53.07 (22.20), 47

Control 57.32 (21.56), 64 52.99 (21.27), 61
Fatigue, VAS

Intervention 69.29 (23.98), 48 51.38 (27.75), 47

Control 64.08 (21.01), 64 50.10 (24.28), 61

Sleep disturbance, VAS
Intervention

Control

54.77 (26.99), 47
54.59 (23.31), 64

43.97 (25.77), 47
48.12 (24.57), 62

72.50 (15.67), 44
63.55 (13.33), 38

49.12 (19.65), 47
53.07 (18.68), 39

35.24 (8.74), 46
36.55 (8.17), 37

46.82 (8.85), 47
41.01 (9.70), 37

1.78 (2.51), 46
1.86 (2.07), 37

2.95(0.99), 46
2.35(0.91), 38

54.14 (24.06), 47
50.56 (23.37), 40

52.26 (29.18), 47
53.20 (24.04), 40

43.41 (30.60), 47
48.90 (26.12), 40

71.42 (18.38), 36
62.47 (14.87), 38

46.45 (19.37), 37
59.92 (16.46), 40

37.54 (9.44), 37
34.37 (8.59), 40

4434 (10.42), 37
39.78 (10.70), 40

1.89 (2.57), 37
2.85(3.25), 40

2.62(0.93), 37
2.27(0.83), 40

51.96 (23.76), 37
58.45 (22.46), 40

55.24 (25.73), 37
65.03 (21.64), 40

43.32(27.88), 37
57.68 (24.67), 40

@CPAQ: Chronic Pain Acceptance Questionnaire; FIQ: Fibromyalgialmpact Questionnaire; SF-8: Short-Form Health Survey; GHQ-12: General Health
Questionnaire; CPV1: Chronic Pain Values Inventory; and VAS: visual analog scale.

Within-Group Analysis

Tempora changes within groups and effect sizes within the
groups are presented in Tables 5 and 6. Analysis according to
the intention-to-treat principles showed a small positive effect
on catastrophizing in theintervention group at both assessments
and asmall negative effect was shown at the 5-month follow-up
in the control group. Per-protocol analysis revealed moderate
effectson catastrophizing, pain acceptance, and successin living
according to valuesin the intervention group immediately after
the follow-up intervention period. The control group did not
improve on these variables. The percentage of participantswith
atotal score above 24 on the PCS decreased in the smartphone
group, but not in the control group. Increased emotional distress
was reported in the control group at 5-month follow-up.

http://www.jmir.org/2013/1/e5/

Function and symptom impairment, as measured by the FIQ,
was increased at both measurementsin the control group only.
Six months after discharge from the rehabilitation center
(5-month follow-up, T4), the improvement in catastrophizing
and pain acceptance remained for the intervention group. The
changesin successin values-based living were not maintained.
However, the control group reported less successin values-based
living at the 5-month (T4) follow-up compared to the level at
discharge. Pain level was stable in both groups. Fatigue had
increased in the control group at the 5-month follow-up and
therewas atendency toward more sleep disturbance, which was
not seen in the intervention group. Factor anaysis of the
Norwegian version of the CPAQ reveal ed some inconsistencies
with the 2-factor structure of the scale; 4 items were found to
not fit the originally described structure [38]. Because we do
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not report on the questionnaire’ s subscale, we decidedtoinclude  significant way when the 4 items were excluded.
al questions in our analysis. The results did not differ in a

Table 5. Mean differences for the primary outcome measure, the pain catastrophizing scale (PCS) within groups, confidence intervals (Cl), and effect

sizes (ES).
PCS Mean difference  95% Cl Mean difference  95% Cl ES Pvauec ES P value®
T2-T3(n) T2-T3 T2-T4° (n) T2-T4° T2-T3 T2-T4°
ITT and LOCF 9
Intervention -3.65 (69) 524t0  —2.37(68) 432t0 037 <001 024 02
—2.07 041
Control 0.74 (65) —0.70t02.17 2.30 (65) 043-416  -0.08 31 022 02
Per protocol
Intervention -5.00 (44) —7.00to  —2.96(36) 578to 069 <001 033 04
318 -013
Control 1.67 (34) ~1.06t04.40 2.58(37) -037t0553 -0.18 22 -0.24 09

aT2: at discharge; T3: immediately after intervention.

bT2: a discharge; T4: 5 months after intervention.

P values for paired samplest tests.

47T intention-to-treat; LOCF: |ast observation carried forward.
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Table 6. Mean differences for the secondary outcome measures within groups, confidence intervals (Cl), and effect sizes (ES) for the completers.

Secondary outcome mea- Mean difference  95% ClI Mean difference  95% ClI ES Pval- ES P val-
sures T2-T3°(n) T2-T3° T2-T4° () T2-T4° T213® ue g ue
CPAQ

Intervention 8.75 (40) 5.96-11.54 7.29 (34) 3.11-11.47 0.58 <.001 045 .001

Control 0.69 (36) —2.90t04.29 0.40 (35) -3.43t04.23 0.06 .70 0.03 .83
FIQ

Intervention 3.10 (46) -1.01t07.20 1.60 (36) —4.40t0 7.60 -0.17 14 -0.09 .59

Control 6.61 (38) 2.14-11.09 10.46 (39) 6.43-14.49 -0.36 .005 -0.62 <.001
SF-8, physical

Intervention -1.69 (39) -3.96t0 0.59 0.06 (30) -3.73t0 3.86 -0.19 14 0.01 .97

Control —1.17 (29) —4.18101.83 —2.41(32) 51710036 -0.14 43 029 .09
SF-8, mental

Intervention 1.28(39) -1.72t04.28 -1.51 (30) —4.93t01.92 0.15 .39 -0.17 .38

Control —3.59 (29) —7.04t0-0.14 —4.92 (32) —-955t0-0.30 -0.37 004 -050 .04
GHQ-12

Intervention 0.58 (43) -0.06t01.22 0.80 (35) —0.42t0 2.02 -0.25 .07 -0.34 .19

Control 1.26 (34) 0.59-1.94 2.38(37) 1.12-3.63 -0.80 .001 -1.09 <.001
CPVI

Intervention 0.49 (44) 0.26-0.72 0.15 (36) -0.11t0 0.42 0.52 <.001 0.16 .25

Control -0.22 (33) —0.49to 0.06 -0.47 (34) -0.83to-0.10 -0.28 0.12 -0.63 .01
Pain, VAS

Intervention 1.11 (46) -3.94t06.16 0.61 (36) —7.03t08.24 -0.05 .66 -0.03 .87

Control —0.99 (38) —7.48t05.50 5.82 (38) -1.26t012.90 0.04 .76 -0.26 .10
Fatigue, VAS

Intervention 1.13 (46) —4.94t07.21 7.73 (36) —-2.26t017.72 -0.04 71 -0.29 13

Control 5.44 (38) -1.13t012.01 12.15 (38) 6.29-18.00 -0.22 .10 -0.51 <.001
Sleep disturbance, VAS

Intervention —-0.14 (46) —7.03t06.76 2.15(36) —7.81-12.12 0.01 .97 -0.08 .66

Control 3.96 (39) -5.42t013.33 7.66 (39) -062t015.95 -0.15 40 -0.30 .07

8CPAQ: Chronic Pain Acceptance Questionnaire; FIQ: Fibromyalgialmpact Questionnaire; SF-8: Short-Form Health Survey; GHQ-12: General Health
Questionnaire; CPV1: Chronic Pain Values Inventory; and VAS: visual analog scale.

b1 at discharge; T3: immediately after intervention.
CT2: a discharge; T4: 5 months after intervention.
9P values for paired samplest tests.

Between-Group Analysis

The between-group effect sizes are shown in Table 7. The
intention-to-treat analysis showed a small effect between the
groups after the intervention and a tendency (P=.05) toward a
small effect at 5-month follow-up. The effect size on
catastrophizing for completers was large immediately after the
intervention period and remained moderate at the 5-month

http://www.jmir.org/2013/1/e5/

follow-up. Moderate effect sizeswere also found for acceptance
at both assessments times. There was a moderate effect on
values-based living right after the smartphone intervention and
a tendency toward moderate effects at 5-month follow-up. A
moderate effect on sleep disturbance was found at the 5-month
follow-up and a tendency toward moderate effect on fatigue.
No effect wasfound on painlevel. A moderate effect was found
for functioning and symptom severity measured by the FIQ.

JMed Internet Res 2013 | vol. 15 |iss. 1 |5 | p.140
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Kristjansdottir et al

Table 7. Between-group effect sizes (ES) after the smartphone intervention (T3) and at 5-month follow-up (T4).

Outcome measure® ESaT3 P value” ESaT4 P value”

Primary
PCS(ITT and LOCF) 0.40 .01 0.36 .05
PCS (per protocol) 0.87 <.001 0.74 .003

Secondary (per protocol)
CPAQ 0.62 .007 0.54 .02
FIQ 021 .35 0.75 .001
SF-8, physical -0.15 64 0.35 13
SF-8, mental 0.63 .005 0.43 .06
GHQ-12 0.03 .56 0.33 .16
CPVI 0.63 .005 0.40 .08
Pain, VAS -0.15 49 0.28 .22
Fatigue, VAS 0.04 .87 0.41 .07
Sleep disturbance, VAS 0.19 .36 0.55 .02

8 PCS: pain catastrophizing scale; ITT: intention-to-treat; LOCF: last observation carried forward; CPAQ: Chronic Pain Acceptance Questionnaire;
FIQ: Fibromyalgia Impact Questionnaire; SF-8: Short-Form Health Survey; GHQ-12: General Heath Questionnaire; CPVI: Chronic Pain Values

Inventory; and VAS: visual analog scale.
5p values for independent t tests or nonparametric tests.

Withdrawal From Participation

Of the 135 participants, 112 completed the study period (Figure
1). Twenty-one withdrew from the intervention group (30.4%)
and 2 withdrew from the control group (3.0%). Because of the
small size of the withdrawal group (n=23), group differences
with P<.2 are described here. The participants who completed
the study tended to be younger (mean 43.33, SD 11.18) than
the ones who withdrew (mean 48.43, SD 10.06, P=.07). There
was a tendency toward higher pain level at admission in the
group who withdrew (mean 68.79, SD 17.48) than in the group
who completed (mean 61.29, SD 20.39, P=.15). Therewas also
a tendency toward a higher level of sleep disturbance in the
group who withdrew (mean 63.68, SD 23.81) than in the group
who completed (mean 54.67, SD 24.81, P=.11). A tendency
toward a difference was seen in physical functioning as
measured by the SF-8; those who withdrew had lower
functioning (mean 31.11, SD 7.67) compared to those who
completed (mean 33.76, SD 7.50, P=.14). At discharge from
the rehabilitation center, those who withdrew had more
self-reported success in values-based living (mean 2.82, SD
0.91) compared to those who completed (mean 2.50, SD 0.79,
P=.12).

Response Ratesto Assessment Questionnaires

In accordance with the intention-to-treat principle, the response
ratefor all included participants was 68.1% at T3 (immediately
after the smartphone intervention) and 62.2% at T4 (5-month
follow-up). Therewas ahigher responseratein theintervention
group (75.4%) than in the control group (60.6%) at T3, but the
rateswere similar at T4 (63.8% and 60.6%, respectively). When
only the completers were included in the analysis, more
differencesin response rates were found. The response rate for
the intervention group was 97.9% at T3 and 77.1% at T4. The

http://www.jmir.org/2013/1/e5/

response rate was 62.5% in the control group at both T3 and
T4. The numbers of participants excluded because more than 2
items were missing varied and the number included in each
instrument analysisis shown in Table 3.

Comparison of demographic and outcome variables at baseline
(T21) between participants who completed the study and returned
questionnaires at T3 (n=87) and those who did not return them
(n=25) revealed afew differences. Because of the small size of
the group who did not return the questionnaires, group
differenceswith P<.2 are described here. Those who did return
T3 questionnaires had less function impairment and symptom
levels at discharge (mean 46.10, SD 17.18) measured by FIQ
compared to those who did not return the questionnaire (mean
54.38, SD 15.58, P=.04). The sametrend was seen in theresults
of the physical component of the SF-8; those who did return
the questionnaires at T3 had better physical functioning (mean
37.20, SD 8.32) at discharge compared to those who did not
return them (mean 32.87, SD 7.38, P=.04). Those who
completed the study, but did not return the questionnaires at T4
(n=35) had lower scores on the CPVI (success scale) (mean
1.78, SD 0.77) at T1 than those returning the questionnaires
(mean 2.16, SD 0.84, P=.03). At basdline (T1), those who
returned T3 questionnaires had higher pain level (mean 62.84,
SD 20.02) than those not returning them (mean 55.90, SD 21.17,
P=.12). There was a tendency toward higher pain level (mean
63.11, SD 20.06) at T1 in those who returned questionnaires at
the 5-month follow-up (T4) than those who did not return them
(mean 57.29, SD 20.84, P=.16). There was aso a tendency
toward having experienced pain for longer time (mean 17.28
years, SD 13.51) in those who did not return questionnaires at
T4 compared with those who did return them (mean 12.77, SD
9.62, P=.07). Also, there was atendency toward worse physical
functioning at discharge (mean 34.24, SD 8.54) measured with
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SF-8inthosewho did not return questionnaires at T4 compared
to those who did return them (mean 37.10, SD 8.08, P=.14).

Response Rateto the Smartphone Diary Entries and
Experience of Participation

The response rate to the diary entries during the 4 weeks after
discharge ranged from 27.4% to 95.2%, with a mean of 68.5%
and amedian of 70.2%. Most (83.3%) participants received 84
entries (4 weeks). A total of 16.7% received additional days of
entries to compensate for holidays to ensure 20 days with
registration and feedback. Of the 48 participants who compl eted
the study in the smartphone intervention, 43 reported on the
experience of participating. Ten (23.3%) participants agreed
somewhat that the participation had been experienced as a
burden, 9 (20.9%) were neutral in their opinion, 9 (20.9%)
disagreed somewhat to the statement, and 15 (34.9%) totally
disagreed with the statement that parti cipation was experienced
as a burden. Of those who completed the study, 37 (86.0%)
agreed somewhat or totally that participation was useful. Three
participants (7.0%) were neutral toward thisitem, and 3 (7.0%)
participants disagreed somewhat or totally that participation
was useful.

Use of the Informational Website

Of the participants who completed the study in the smartphone
intervention, 22 (45.8%) reported never visiting the website.
Six (12.5%) visited it once, 8 participants (16.7%) viewed it
twice, and 11 (22.9%) viewed it three times or more. One
participant did not respond to the question. In the control group,
38 participants who compl eted the study answered the question.
Twelve (18.8%) reported never having visited the website, 5
(7.8%) viewed it once, 9 (14.1%) viewed it twice, and 12
(18.8%) visited 3 or more times.

Discussion

Principal Results

To our knowledge, this is the first study to investigate the
efficacy of asmartphone-delivered intervention aiming to reduce
catastrophizing and increase functioning in patientswith chronic
widespread pain. The results from the per-protocol analysis
indicate that this intervention with diaries and written
personalized feedback reduced catastrophizing and increased
acceptance in women with chronic widespread pain and that
these effects persisted 5 months after the intervention. At the
5-month follow-up, the control group experienced increased
emotional distress compared to the distress at discharge from
the inpatient program, whereas the smartphone group did not.
The between-group effect size on functioning and symptom
level was moderate (0.75) at the 5-month follow-up measured
with the FIQ, but no difference was seen in the physica
component of the SF-8. One reason for this may be the general
nature of the items in the SF-8 compared to the questions in
FIQ, possibly making it less sensitive to changes. The results
also show a tendency toward increased improvement in
values-based living in the intervention group compared to the
control group.

When al randomized participantswereincluded inthe analysis,
the effect size of catastrophizing was small. This may partly be
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explained by the higher rate of nonresponsein the control group
and the method of carrying the last observed value forward
resulting in the possibility of a false positive effect for the
control group. Scores above 24 on the PCS have been
categorized as indicating a high risk for reduced functioning
[37]. None of the 7 participants who exceeded this limit before
starting the smartphone intervention did so at the end of the
intervention. Only one participant was abovethis criterion again
5 months|ater. The opposite trend was seen in the control group;
an increased number of participants were classified as
“catastrophizers.”

Theintervention was based on CBT, one of the most commonly
used models of change in Internet intervention research [50].
We used CBT-related ACT, in which the goal is not to change
or reconstruct the content of thoughts, but rather to change how
it influences behavior. Behavior change is supported when
patientslearn to mindfully observe and accept inner experiences
and to commit to values-based activity despite challenging
thoughts, feelings, or symptoms [28,29,51]. By doing this, the
influence of catastrophizing thoughts is expected to be
diminished, but by a process other than that described in more
traditional CBT, where problematic thoughts are morerationally
challenged [28,52]. The reduction in catastrophizing and the
increase in acceptance support previous studies that show
negative correl ations between mindful ness and acceptance, and
catastrophizing [37,53,54]. The changes in catastrophizing,
acceptance, and functioning in those who completed the study
cannot be attributed to changesin levels of pain, or vice versa,
because no significant reduction in pain level was found. This
isin line with the findings of a recent randomized controlled
trial in which fibromyalgia patients who had participated in a
12-week group-based ACT reported more improvement of the
condition compared to a waiting-list control group despite no
changesin pain level [55]. However, our results differ from that
of other previous studies—a small effect size on pain intensity
was found in a meta-analysis including 9 randomized trials of
acceptance-based interventions [56]. This finding may be
explained in part by the fact that the present intervention follows
another intervention that had reduced the pain level. The control
group showed an increased level of fatigue and a tendency
toward an increase in dleep disturbance at the 5-month
follow-up. This may indicate that the follow-up intervention
might have contributed to the prevention of sleep disturbance.
A positive correlation has been found between psychological
flexibility and improved sleep quality in people with chronic
pain [57].

Strengths and Limitations

To our knowledge, no randomized studies on smartphone
interventions based on ACT have been previously published.
Our results may support the notion that ACT can be successfully
used as aframework for smartphone interventions with mainly
written communication. This also supports the results of two
recent studies of interventionsthat provided written ACT-based
self-help material and weekly tel ephone support from atherapist,
for 6 and 7 weeks, for patients with chronic pain. Both studies
found medium to large effect sizes on pain acceptance [58,59].
However, the present intervention contained many possibly
active components and the study design did not allow for any
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distinction between possible mechanisms and explanations. It
is possible that the intervention group benefited from having
higher expectations of improvement and from the empathic
attention and encouragement from a health care provider [50].
As stated in the guidelines for Internet intervention research, it
may still be premature to require demonstration of processes of
change in Internet interventions because of the newness of the
field [50]. Our results are consi stent with the findings of a study
that tested the efficacy of a similar mobile phone-delivered
intervention with diaries and daily CBT-based feedback for
patientswithirritable bowel syndrome. Theintervention reduced
catastrophizing thoughts and the effects were maintained at a
3-month follow-up [18]. Our results are also in line with the
results of a follow-up telephone intervention for chronic pain
patients designed to support self-monitoring, to give a review
of learned self-management techniques, and to provide monthly
feedback from a CBT therapist after 11 weeks of group CBT.
Theintervention wasfound to reduce pain catastrophizing [13].

Studies on Internet-based interventions and interventions using
SMS to support self-management of chronic illness show
promising results[60-62]. A review of 14 studiesthat used SMS
to support health behavior change included 6 randomized
controlled trials. The duration of the interventions varied from
6 weeks to 1 year and the frequency of communication ranged
from many times daily to less than monthly. All but one were
effective in supporting positive behavior change, with effect
sizesranging from small to large. However, follow-up datawas
limited [60]. Reviews of Internet-based interventionsfor patients
with various chronic pain conditions indicate a positive effect
on pain, but results on psychological outcomes have been
inconsistent [14,15,62]. An important feature of a successful
therapeutic relationship is the therapist’s ability to respond to
what the patient expresses, and tailored or personalized messages
have been found to be more effective in supporting behavior
change than standardized ones[60]. Our intention wasto support
a therapeutic relationship with the therapist responding to the
expressions made in the diaries and with the goal of sending
the individualized feedback as soon as practically possible.

The present study has some limitations. The generalizability of
theresultsisreduced by several factors. Firstly, theintervention
group had awithdrawal rate of 30% and thismight have resulted
in differences in the characteristics of completers between
groups. Indeed, there was a trend toward the completers being
younger and having less pain, |ess sleep disturbances, and better
function measured with SF-8 at baseline. At admission to the
inpatient program (T1), the participants in the smartphone
intervention group reported higher pain levels and lower
physical functioning compared to the control group. At discharge
(T2), this difference was no longer evident. This indicates that
participants in the smartphone intervention group improved
more on those two variables during the inpatient program
compared to the control group. It is possible that this implies
some not-assessed differences in the groups characteristics.
Our intention with arun-in period during the final week of the
inpatient program was to give the patients a chance to get used
to the smartphone diaries before returning home. However, our
results may indicate that this might not have been suitable for
all participants because several participants withdrew during
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the run-in phase; it might have been more feasible to give the
participantsthe choice of starting theintervention after discharge
from the inpatient program. During the inpatient program, the
participants had a busy schedule with activities and may,
therefore, have experienced adding the smartphone diaries as
stressful. They chose to receive their morning and evening
diaries at hours suitable for their schedule at home, which may
possibly have been inconvenient while still at the rehabilitation
center. High withdrawal rates have been a challenge in
SMS-based and Web-based interventions [60]. In a review of
17 trials of Internet self-management interventions for people
with chronic pain, the withdrawal rate ranged from 6% to 59%
with a median withdrawal rate of 27% [14]. Therapist contact
and tailored or personalized messages have been found to
correlate with lower withdrawal rates, but as our results show,
other factors clearly also play roles. Despite the high withdrawal
rate, most experienced the present intervention as useful. In a
qualitative study with 7 of our participants, the intervention was
described as motivating and supportive [63].

Secondly, the response rate to assessment questionnaires was
below 70% at both follow-ups; this affects the generalizability
of the results because data cannot be assumed to be missing at
random. The response rate was different between the groups,
with a lower response rate in the control group immediately
after the intervention period. Thisis commonly experienced in
randomized controlled studies [64]. Those who did not return
guestionnaires after theintervention period (T3) had lower pain
levels at baseline (T1) than those who did. Also, those who did
not return questionnaires after the smartphone intervention
period (T3) had more function and symptom impairment at
discharge from the center compared with those who returned
those questionnaires. Since all except 1 participant in the
smartphone group returned the questionnaires after the
intervention (T3) and those who did not respond belonged to
the control group, it may be that the level of functiona
impairment and symptom severity for the control group was,
in fact, higher. The 5-month follow-up results could aso be
affected because there was atendency toward those not returning
the questionnaires reporting less pain at baseline (T1) and better
functioning and less symptom severity at discharge (T2). Finally,
the generalizability isalso affected by thefact that just over half
of those eligible to participate were included in the study. We
do not know if those who chose to participate differed in any
way from those who declined participation. The introduction
meeting for the study was scheduled during the second week
of the rehabilitation program. For some it may have been too
early to consider involvement in a follow-up intervention and
others may have used the opportunity to prioritize private time
in the tight rehabilitation schedule instead of listening to study
information. Moreover, in the stress management part of the
rehabilitation program, the patientswere encouraged to set limits
and say no to requests they felt added more stress to their
everyday burden. Patients with high self-efficacy regarding
coping after discharge may have been more likely to not attend
the informational meeting. Also, because al those who were
eligible for the study received a short information letter about
the study, some may have found the intervention format
unsuitable. In afuture study, thiskind of intervention might be
made more feasible by adding a virtual social support group
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including fellow participants from the inpatient program. The
increase in function impairment and symptom levels in the
control group after discharge is not in line with the results of a
study on 200 patients with chronic widespread pain or
fibromyal gia participating in the same kind of 4-week inpatient
program at the same rehabilitation center. The results of the
study showed significant improvements in functioning and
symptom levels, maintained at both 6- and 12-month follow-ups
[9]. However, the samples were not identical because we have
excluded menin the present study and those submitted primarily
for vocational rehabilitation. Selection biasin our sample may
also have had an impact (ie, those with positive long-term effects
may have elected not to participate in the study). Nevertheless,
the results of the long-term effects of multidimensional pain
programs are inconclusive and the need for maintenance support
has been clearly stated [65,8,11,12].

Kristjansdottir et al

This smartphone intervention was developed in 2008 and was
delivered using first-generation smartphones. Today, the diary
part of the intervention can easily be converted to a smartphone
application. Future research might investigate whether automatic
feedback could be effectively tailored to diaries and integrated
in an application to reduce the investment of human resources
used in the presented intervention.

Conclusion

Our results give preliminary support to the efficacy of a
smartphone intervention for catastrophizing, acceptance,
functioning, and symptom level in women with chronic
widespread pain. In addition to subgroup analyses of participants
and results on long-term effects, research on practice
implications, innovation, and added values for the users are
needed.
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Abstract

Background: Mobile phone based remote monitoring of medication adherence and physiological parameters has the potential
of improving long-term graft outcomes in the recipients of kidney transplants. This technology is promising asit is relatively
inexpensive, can includeintuitive software and may offer the ability to conduct close patient monitoring in anon-intrusive manner.
This includes the optimal management of comorbidities such as hypertension and diabetes. There is, however, a lack of data
assessing the attitudes of renal transplant recipients toward this technology, especially among ethnic minorities.

Objective: To assessthe attitudes of renal transplant recipients toward mobile phone based remote monitoring and management
of their medical regimen; and to identify demographic or clinical characteristics that impact on this attitude.

Methods: After a 10 minute demonstration of a prototype maobile phone based monitoring system, a 10 item questionnaire
regarding attitude toward remote monitoring and the technology was administered to the participants, aong with the 10 item
Perceived Stress Scale and the 7 item Morisky Medication Adherence Scale.

Results: Between February and April 2012, atotal of 99 renal transplant recipients were identified and agreed to participate in
the survey. The results of the survey indicate that while 90% (87/97) of respondents own a mobile phone, only 7% (7/98) had
any prior knowledge of mobile phone based remote monitoring. Despite this, the majority of respondents, 79% (78/99), reported
a positive attitude toward the use of a prototype system if it came at no cost to themselves. Blacks were more likely than whites
to own smartphones (43.1%, 28/65 vs 20.6%, 7/34; P=.03) and held a more positive attitude toward free use of the prototype
system than whites (4.25+0.88 vs 3.76+1.07; P=.02).

Conclusions: The datademonstrates that kidney transplant recipients have a positive overall attitude toward mobile phone based
health technology (mHealth). Additionally, the data demonstrates that most kidney transplant recipients own and are comfortable
using mobile phones and that many of these patients already own and use smart mobile phones. The respondentsfelt that mHealth
offersan opportunity for improved self-efficacy and improved provider driven medical management. Respondentswere comfortable
with the idea of being monitored using mobile technology and are confident that their privacy can be protected. The small subset
of kidney transplant recipients who are less interested in mHealth may be less technologically adept as reflected by their lower
mobile phone ownership rates. As awhole, kidney transplant recipients are receptive to the technology and believeinits utility.

(J Med I nternet Res 2013;15(1):e6)  doi:10.2196/jmir.2284
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Introduction

Methods

Nearly 400,000 people living in the United States suffer with
end stage renal disease, of these; approximately 93,000 are
awaiting kidney transplantation [1,2]. Kidney transplantation
is the preferred mode of treatment for end stage renal disease
asit offerssuperior quality of lifeand improved life expectancy
compared to chronic dialysis [3-6]. Outcomes after kidney
transplantation are negatively impacted by poor medication
adherence and suboptimal control of common comorbid medical
conditions such as hypertension and diabetes [7-10]. Black
patients suffer disproportionately with end stage renal disease
and represent the vast majority of patients on dialysisin South
Carolina[1]. Black kidney transplant reci pients suffer a poorer
graft survival than white kidney transplant recipients [11-17].
The reasons for this may include poorer medication adherence
[11,18], heightened immunological response [19,20] and a
higher prevalence of comorbid illnesses[1,21]. The devel opment
of effective, efficient and non-intrusive approachesto aid kidney
transplant recipients self-management and monitoring is critical
to success as limited healthcare provider resources are
increasingly taxed by growing demand.

Recent studies have suggested that remote monitoring viamobile
health technology (mHealth) is an effective and sustainable
strategy for facilitating patient provider communication,
improving health outcomes, increasing adherence to medical
regimens and reducing costs in some chronic illnesses [22-30].
Mobile phone based monitoring is an attractive option due to
their ubiquity, connectivity, computational power, portability
and relatively low cost [23,25,31-32]. A critical component to
the success of any mHealth system isthe willingness and ability
of the target population to adopt and effectively utilize the
technology. Previous studies have investigated the attitudes of
different patient populations in regards to mobile phone based
remote monitoring in other disease states [33-36]. Kidney
transplant recipients are a unique population due to the high
complexity of their medical regimens, the critical importance
of strict medication adherence, the near universal presence of
significant comorbid medical illness and the geographic distance
that often separatesthem from their transplant center [7,9,37-38].
Kidney transplant recipients also tend to be relatively aged, a
factor that may lead this population to belesswilling or ableto
successfully utilize advanced technol ogies such as smart mobile
phones or Bluetooth enabled medical devices.

Theaimsof thisstudy weretwofold. First, to assessthe attitudes
of aracialy diverse sample of kidney transplant recipients on
the use of amHealth remote monitoring system, particularly to
enhance medication adherence and blood pressure control.
Second, to investigate the whether demographics, prior
technology utilization, stresslevel sand self-reported medication
adherence impact on the attitudes toward mHealth.

http://www.jmir.org/2013/1/e6/

Participants and Recruitment

Study participants were recruited from the Kidney Transplant
Clinic at the Medical University of South Carolina (MUSC),
Charleston. Eligible patients were those who had previously
received a kidney transplant, were over 18 years of age and
spoke English. Between February and April 2012, 103 patients
were approached during their usual post-transplant clinic visit,
either by their clinical coordinator, clinic nurse or physician.
Patients were asked if they were willing to speak to the study
coordinator regarding participating in the survey, 99 agreed to
participate. Those that declined did so either for lack of time or
lack of interest. The demographic and transplant related clinical
characteristics of the survey participants are summarized in
Table 1. The study was approved by the MUSC institutional
review board.

Study Setting and Design

Patients were approached about completing a survey that
included questions on their attitudes toward remote monitoring,
mobile phones, electronic medication monitors and electronic
home blood pressure monitors. Also evaluated were perceived
levels of genera stress and medication adherence (Table 1).
Patients were individually shown to a private clinic space,
accompanied by their informal caregivers (if present), where
they were provided a description and demonstration of a
prototype mHealth system with a presentation of the specific
steps that were required to utilize the device (Multimedia
Appendix 1).

The prototype system included a smartphone (Motorola Droid
X), a wireless (GSM-enabled) medication tray (Maya
MedMinder) and awirel ess (Bluetooth-enabled) blood pressure
monitor (Fora D15b). Patients were required to use the
medication tray for all medication dispensing and to measure
their resting blood pressure and pulse every third day at both
morning and evening. The smartphone automatically transfers
the blood pressure and pulse data to computer servers for later
analysis. Themedication tray isfully programmable and capable
of delivering remindersin the form of light, tone, text message
or phone call. Adherenceistracked in real time and can trigger
the delivery of motivational or positive reinforcement messages
to the patient via text, email or phone. A summary of the
adherence over time can be generated and delivered via email
to the patient and the treating clinician. Blood pressure and
pulse readings outside predetermined safe parameters could
generate automated alert messages that would be sent to both
patient and physician. Participantswere informed that aclinical
coordinator would contact them in the event that alerts were
generated.

M edication Adherence Scale

Medication adherence was evaluated using a 7 item modified
Morisky Medication Adherence Scale with an interna
consistency of 0.82 and asensitivity and specificity of 91% and
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50% respectively [39]. Further description and psychometric
dataon the Morisky scale aredescribed in detail elsewhere[40].
The modified Morisky scale yields a score in the range of 0 to
7 with higher scores reflecting higher adherence to medication.
Scores can be categorized into high (=7), moderate (=6 but <7)
and poor (<6) adherence levels based on its criterion validity
with blood pressure control among hypertensive patients [39].

Perceived Stress Scale

Generalized perceived stresswas measured using the Perceived
Stress Scale in which each of the 10 itemsis answered using a
5 point Likert item ranging from ‘never’ to ‘very often’. The
scal e has established psychometric propertiesincluding internal
consistency of 0.85 [41]. Internal consistency for the present
study was 0.85.

mHealth Related Survey

The respondents’ awareness of, and attitudes toward, mHealth
and telemedi cine based remote monitoring were eval uated using
a 10 item survey (Table 2), in which 9 of the 10 items were
answered using a 5 point Likert item ranging from ‘strongly
disagree’ to ' strongly agree’. Theitemswere adapted from prior
studies ng patients attitudes toward mobile phone based
remote monitoring for chronicillness[34,36,42]. Itemsincluded
guestions on their perceptions of remote monitoring and their
comfort with using mobile phones. Cronbach’s alpha internal

consistency coefficient was 0.92 for the 9 items. The 10" item
queried their a priori awareness of health related remote
monitoring technol ogy.

Our sample was analyzed in two ways: by race, blacks versus
whites (Table 3) and by attitude toward use of mHealth.
Participants who answered either ‘agree’ or ‘strongly agree’ to
the question whether they would use the mHealth system if it
were free were compared to the participants who chose either
‘disagree’, ‘strongly disagree’ or ‘neutral’ (Table4). Meansand
standard deviations for continuous variables and frequency
distributionsfor categorical variableswere used to describe the

McGillicuddy et a

characteristics of the total sample and the racial and mHealth
attitude groups. Clinical and demographic features were
compared for racial and attitude groups using the pooled t test
for continuous variables and the X? test/Fisher exact test for
categorical variables.

Results

Demographic and Clinical Characteristics

The results indicate that 85% (83/98) of respondents are
presently using devices at home to monitor either their blood
pressure or blood sugar. Nearly two thirds of the respondents,
63% (62/99), were using medication dispensing devices (ie.
standard non-signaling pillboxes). Respondentsreported slightly
lower than average level s of perceived stress (Table 1) that were
not remarkably higher than the general population (10.0 £ 6.5
out of 40) [43]. Self-reported adherence was also reported to
be moderately high (6.1 out of 7) [39]. There were no racial
differences in perceived stress (P=.13), but there was a
difference in self-reported adherence (P=.03).

M obile Phone Utilization

Nearly al respondents (90%, 87/97) indicated that they already
own a mobile phone and were comfortable utilizing this
technology. Over athird of the patients (35%, 35/99) reported
that they own asmartphone and over half (52%, 51/99) reported
that they had access to a working smartphone in the household
other than their own. Most of the patients (82%, 81/99),
indicated that there was someone in the household who could
assist them with using a mobile phone if needed.

The survey results also indicated that most respondents had a
familiarity with using mobile phones for reasons other than
phone calls. Amongst these, over half (61%, 60/99) used a
mobile phone to send or receive text messages, 38% (38/99) to
browse the web, 35% (35/99) to send or receive email and 34%
(34/ 99) reported using a mobile phone to download aringtone
or amobile application.

Table 1. Demographic and transplant related clinical characteristics of survey participants.

Variable Mean (+ SD) or Proportion
Age 53.1+ 13.4 (Median 52)
Gender (Male) 65% (64/98)

Race (Black ) 66% (65/99)

Marital status (Married) 64% (63/98)

Education level (<High School ) 38% (38/99)
Employment (Part or Full Time) 22% (21/98)

Annual income (<$30,000) 57% (44/77)

Months since kidney transplant 29.2+545

More than one transplant 12% (12/99)

Perceived Stress Scale score 10.9+6.5

Morisky Scale score 6.1+11

http://www.jmir.org/2013/1/e6/
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Attitudesand Willingnessto UsemHealth Technology

Only 7% (7/98) of participants had any prior knowledge of
mHealth remote monitoring technol ogy before being surveyed
(Table 2). However, most of the participants felt that mobile
technology would be helpful in reminding them to follow their
doctor’sdirections (81%, 80/99). The majority a so felt that the
technology would alow their doctor to make more rapid
adjustments to their medication regimen (84%, 83/99).
Furthermore, most of the participants, 79% (78/99), indicated
that if they were provided the mHealth system at no cost and
instructed on its use that they would use it as directed by their
health care provider. The addition of free technical support did
not significantly increase their willingness to use the devices.
Onthe matter of health information, 80% (79/99) indicated that

Table 2. Responsesto mHealth related survey.

McGillicuddy et a

they were comfortable with a health care provider monitoring
their health information using remote monitoring technology
and 76% (75/99) felt confident that their privacy could be
adequately protected. Almost all participants (95%, 94/99) felt
that it wasimportant to follow their doctor’s directions and 87%
(86/99) thought that remote monitoring technol ogy would help
them effectively communicate with their health care providers
about their medical conditions. When asked about how they
would prefer to receive instructions from their heath care
providers, most respondents preferred that communication be
done via phone call, with voicemail being the most common
second choice. Text messaging was the third most common
choice, with only a small fraction of patients indicating that
they were interested in receiving instruction primarily vialive
video conferencing.

Survey Items Mean (+ SD) or Percentage
Heard of tele-health (yes) 7% (7/98)
Would use mHealth devices if free 4.08+0.98
If someone available to answer questions likely to use devices as directed 418 +0.92
Comfortable having health monitored remotely by doctor/nurses using mHealth technol ogies 416+ 0.89
Comfortable using cell phone 4.30+0.80
Moabile technology will help remind me to follow doctor’s directions 414 +0.89
Mobile technology will alow doctor to make medication changes quicker 4.22+0.79
Confident privacy protected when using mHealth devices 4.07£0.92
Important to follow doctor’s directions 456 +0.72
Confident mHealth technology can effectively communicate my medical condition to my doctor 4.24+0.81

Racial Differences

As shown in Table 3, when compared to whites, blacks were
younger (P=.04), more likely to report hypertension as an
etiology of their renal failure (P=.05), more likely to be afirst
time recipient of a kidney transplant (P=.02) and more likely
to live nearer to the transplant center (P<.001). While mobile
phone ownership did not differ significantly between races,
blacks were more likely than whites to own a smartphone
(P=.03). Although it did not reach statistical significance, there

http://www.jmir.org/2013/1/e6/

was a trend toward more mobile phone based internet usage
among blacks (P=.08). Perceived stress levels did not vary by
race (P=.13), but therewas asignificant differencein medication
adherence with blacks reporting slightly poorer adherence
(P=.03). Blacks had a dlightly more positive attitude toward
mHealth than whites as gauged by their willingness to use the
technology if it came at no cost to them (P=.02). There were
no significant differences between blacks and whitesin thelevel
of education (P=.62), annual income (P=.16) or employment
status (P=.46).
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Table 3. Race comparison on transplant related characteristics, stress exposure, medication adherence and cell phone ownership.

Black White Degreesof Free- P
dom

Age 51+13.1 56.9 +13.4 96 .04
Gender (Male) 65% 65% 1 .99
Primary cause for kidney failure 6 .05

HTN?@ (alone or + other) 39% 21%

Diabetes (alone or + other) 22% 18%

Diabetes + HTN? 15% %

Other 20% 35%

Not sure 5% 18%
More than one transplant (yes) 6% 24% 1 .02
Travel time to transplant center (< 2 hours) 7% 33% 3 <.001
Own mobile phone 86% 97% 1 .16
Own smartphone 43% 21% 1 .03
Would use mHealth devices if free 43+ .88 38+x11 3 .02
Perceived Stress Scale score 11.7+6.8 95+57 97 A3
Morisky Scale score 59+12 65+09 97 .03

aHypertension

Characteristics of Respondentswith Positive Attitude
Toward mHealth

Respondents who answered either ‘agree’ or 'strongly agree’
to the query asto whether they would use the mHealth system,
asdemonstrated, if it werefree, weremorelikely to be employed
(P=.04), the recipient of their first transplant (P=.02), aready

http://www.jmir.org/2013/1/e6/

using a medication tray at home (P=.04) and the owner of a
working mobile phone (P=.04). These respondents were also
more likely to own a smartphone (P=.01) and to have used a
mobile phoneto text (P=.02), email (P=.01), browsetheinternet
(P=.002) or download an application or ringtone (P=.03). As
can be seen in Table 4, they aso reported higher levels of
perceived stress (P=.01).
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Table 4. Comparisons of patients who do versus do not favor use of mHealth devices.

Agree Do Not Agree Degreesof Freedom P
Age 52+131 57+14.3 96 13
(Median 51) (Median 62)
Race 1 .01
Black 86% 14%
White 65% 35%
Socioeconomic status
Employment 27% 5% 1 .04
(Part or Full Time)
Education level 37% 43% 2 .89
(<High School)
Annua income 45% 43% 1 54
(<$30,000)
More than one kidney transplant 8% 29% 1 .02
Use medication dispensing device 68% 43% 1 .04
a home
Own cell phone 93% 76% 1 .04
Own smartphone 2% 10% 1 .005
Perceived Stress Scale score 11.7+65 7.7+54 97 .01
Morisky Scale score 60+12 6.6+ 0.7 97 .04
Discussion particularly the rapid ascension of the smartphone [47], bodes

Recent literature demonstrates that mHealth technology can
have a positive impact on the quality of life, self-efficacy and
the ability to monitor biochemical or physiologic markers of
disease control across awide array of illnesses[44]. While the
evidence is mixed as to the cost effectiveness of mHealth
technology at present [45], it seems reasonable to hypothesize
that it will become cost effective, as the demand increases, cost
of the technology decreases and the long-term health benefits
are realized. Furthermore, as penetrance of the smartphone
technology increases amongst consumers, it seems likely that
there will be an increasing demand for this type of health care
delivery from patients.

Principal Results

With 90% (87/97) of respondents owning a mobile phone and
35% (35/99) owning a smartphone, this population of kidney
transplant recipients closely mirrors the adult American
population [46]. This finding is mildly surprising given South
Caralina’s historically low household income and underscores
the near ubiquitous use of mobile phone technology.
Interestingly, in our cohort, while there were no racia
differences in overall mobile phone ownership, blacks were
significantly more likely to own a smartphone. This reflects
national figuresthat show higher rates of smartphone adoption
among racial minority groups [47]. Blacks are significantly
more likely than whites to use a wireless device to access the
internet [46]. As early adopters and high utilizers, blacks may
be uniquely positioned to benefit from improving mHealth
technology. The penetrance of mobile phone technology,

http://www.jmir.org/2013/1/e6/

well for the continued expansion of the mobile phone'srolein
health care delivery.

Few of the kidney transplant recipients had any knowledge of
mHealth technology prior to being surveyed. Despite that, the
vast majority was receptive to utilizing such technology if the
devices were provided at no cost. Respondents felt that having
the technology would help them follow their medical regimen
and improve communication with their healthcare providers,
particularly with regards to the efficiency of regulating or
changing their medical regime asthe need arises. Thesefindings
are consistent with other studiesthat have evaluated the attitudes
toward mHealth technol ogy among patientswith various chronic
illnesses, including essential hypertension, diabetes and
congestive heart failure [27,34,36].

Although there was a high receptivity toward using mHealth
technology, there was a cohort of respondents who indicated a
less than positive attitude. That these respondents were less
likely to own a mobile phone and far less likely to own a
smartphone might reflect a lower level of comfort with
technology. This potential barrier to use of an mHealth system
could be addressed both by making the system easier to useand
by providing some skilled assistance and training. The fact that
these same respondents were more likely to have had a prior
kidney transplant and were lesslikely to be using a medication
tray a home, might indicate a higher comfort level with
immunosuppression medications or a lower perceived
importance of medication adherence. That this cohort
self-reports higher adherence with medicationsand lower levels
of perceived stressmay, in part, explain their diminished interest
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in the technology. Unsurprisingly, this same cohort of patients
waslesslikely to respond positively to the remaining questions
regarding comfort with being monitored, comfort with mobile
phone technology, privacy protection and various aspects of
utility.

Limitations

These findings must be evaluated within the context of several
limitations of the study. First, that all respondentswere recruited
from a single transplant center, which may call into question
the generalizability of thefindings. However, it should be noted
that this center is the sole transplant service provider for the
State of South Carolinaand has a catchment popul ation of over
4.6 million persons. Second, those that chose to participate
might be predisposed to a positive attitude toward mHealth and
thereby introduce a positive bias. The participation of nearly
everyone who was approached however, suggests that a
significant bias toward mHealth is unlikely. Third, it cannot be
assumed that the respondents’ purported interest in mHealth
will translate into actual use. Anecdotally, as we have begun to
enroll kidney transplant recipients in a mHealth medication

McGillicuddy et a

adherence trial, as a proof of concept research based on this
work, we have experienced high participation and utilization
rates.

Conclusions

This is the first study ng the attitudes of transplant
recipients with this technology and the data demonstrates that
thereisapositive overall attitude towards mHealth technol ogy.
Additionally, the data demonstrates that most kidney transplant
recipients aready own and are comfortable using mobile phones
and that many of these participants already own and use smart
mobile phones. Results indicate that the participants feel that
mHealth offers an opportunity for improved self-efficacy and
improved provider driven medica management. Participants
are also comfortable with the idea of being monitored using
mobile technology and are confident that their privacy can be
protected. Asawhole, kidney transplant recipients are receptive
to the technology and believe in its utility. Further research in
thisarea should include patient centered eval uations of usability
and usefulnessaswell as proof of concept trialsto identify areas
of concern.
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Abstract

Background: Mobile health (mHealth) describes the use of portable electronic devices with software applications to provide
health services and manage patient information. With approximately 5 billion mobile phone users globally, opportunities for
mobile technologies to play aformal role in health services, particularly in low- and middle-income countries, are increasingly
being recognized. mHealth can also support the performance of health care workers by the dissemination of clinical updates,
learning materials, and reminders, particularly in underserved rural locationsin low- and middle-income countries where community
health workers deliver integrated community case management to children sick with diarrhea, pneumonia, and malaria.

Objective: Our aim was to conduct a thematic review of how mHealth projects have approached the intersection of cellular
technology and public health in low- and middle-income countries and identify the promising practices and experiences learned,
aswell as novel and innovative approaches of how mHesalth can support community health workers.

Methods: In this review, 6 themes of mHealth initiatives were examined using information from peer-reviewed journals,
websites, and key reports. Primary mHealth technol ogies reviewed included mobile phones, personal digital assistants (PDAS)
and smartphones, patient monitoring devices, and mobile telemedicine devices. We examined how these tools could be used for
education and awareness, data access, and for strengthening health information systems. We aso considered how mHealth may
support patient monitoring, clinical decision making, and tracking of drugs and supplies. Lessons from mHealth trials and studies
were summarized, focusing on low- and middle-income countries and community health workers.

Results: Thereview revealed that there are very few formal outcome evaluations of mHealth in low-income countries. Although
there is vast documentation of project process evaluations, there are few studies demonstrating an impact on clinical outcomes.
There is aso a lack of mHealth applications and services operating at scale in low- and middle-income countries. The most
commonly documented use of mHealth was 1-way text-message and phone reminders to encourage follow-up appointments,
healthy behaviors, and data gathering. Innovative mHealth applications for community health workersinclude the use of mobile
phones as job aides, clinical decision support tools, and for data submission and instant feedback on performance.

Conclusions: With partnerships forming between governments, technol ogists, non-governmental organizations, academia, and
industry, thereis great potential to improve health services delivery by using mHealth in low- and middle-income countries. As
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with many other health improvement projects, a key challenge is moving mHealth approaches from pilot projects to national
scalable programswhile properly engaging health workers and communitiesin the process. By harnessing theincreasing presence
of mobile phones among diverse populations, thereis promising evidenceto suggest that mHealth can be used to deliver increased
and enhanced health care services to individuals and communities, while helping to strengthen health systems.

(J Med Internet Res 2013;15(1):e17) doi:10.2196/jmir.2130

KEYWORDS
mHealth; community health worker; Africa

Introduction

Community health workerswere acornerstone of primary health
care as envisaged by the Declaration of Alma-Atain 1978, yet
the enthusiasm for community health workers started to diminish
by the early 1990s, partly because of the challenges of scaling-up
programs in a sustainable fashion while maintaining their
effectiveness [1]. However, due to slow progress toward the
United Nations  Millennium  Development  Goals,
community-based programs delivering care to sick children
have yet again become priorities to curb child mortality in
high-mortality countries [2]. Integrated community case
management (ICCM) of malaria, pneumonia, and diarrhea
delivered by community health workersis such astrategy, which
isnow being implemented at scalein several African countries,
including Uganda and Mozambique. The purpose of ICCM is
toimprove accessto effective treatment for sick children among
hard-to-reach populations with the ultimate goal of reducing
under-5 mortality.

The Innovations at Scale for Community Access and Lasting
Effects (inSCALE) project, a collaboration between Malaria
Consortium, London School of Hygiene and Tropical Medicine,
and University College of London, aims to better understand
community health workers motivation and supervision, and to
find feasible and acceptable solutions to community health
workers' retention and performance, both of which arevital for
successful implementation of ICCM at scale. One such solution
could be to use mobile phones as a tool to increase the status
of community health workers in the community and allow
frequent feedback and support to community health workers
based on data submitted, potentially resulting in improved
quality of care delivered.

With almost 5 billion mobile phone users in the world, health
care providers and researchers are realizing the potential of

Table 1. Sources used to identify mHealth projects.

using mobile technologies, such as mobile phones, portable
computers, and persona digital assistants (PDAS), for health
services. Mobile health (mHesalth), as defined by the World
Health Organization (WHO), is an area of electronic health
(eHealth) that provides health services and information via
mobile technol ogies such as mobile phonesand PDAs. mHealth
can aso support the performance of health care workers by the
dissemination of clinica updates, learning materials, and
reminders[3], particularly in underserved rurd locationsin low-
and middle-income countrieswhere community health workers
deliver ICCM to children sick with diarrhea, pneumonia, and
malaria[3,4].

The aim of this review is to provide a thematic overview of
mHealth project approaches to the intersection of mobile
technology and public health and the application of these
approaches in programs specifically focusing on community
health workers. The potential challenges and opportunities for
integration of such mHealth applications in existing national
systems are discussed.

Methods

A 2-stage process was applied in this review. In the first stage,
abroad search was done to generate alist of domainsin which
mHealth has been applied in low- and middle-income countries.
Non-peer-reviewed sources of information, including Web-based
mHealth portals, mHealth review documents[4-7], and reports
that specifically map out mHealth initiatives in Uganda and
Mozambique[8,9] wereused (Table 1). The search inthisstage
did not aim to generate a comprehensive list of all mHealth
projects conducted in low- and middle-income countries; the
purpose was to generate different mHealth domains and give
examples of projectsthat have addressed the domainsidentified.

Source Name

mHealth portals

The Communication Initiative Network [10]

KIT Royal Tropical Institute [11]

Review documents Mechael et a [5]

Vital Wave Consulting [6]
Vital Wave Consulting [7]
Country reports Macueve [8]

Mwagale and Kakaire [9]
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In the second review stage, a narrower and more systematic
search was done to identify projects that applied mHealth for
community health workersinlow- and middle-income countries.
In addition to the sources provided in Table 1, peer-reviewed
papers were identified from searches on PubMed and Google
Scholar by using the following search terms. mHealth, maobile
health, developing, and low income. Projects conducted in
countrieswith low, lower-middle, or upper-middleincomes (as
per World Bank definition) qualified for inclusion if they
mentioned that at least 1 of their user groups included
community health workers. Although the main reviewsfor both
stages 1 and 2 were conducted by thefirst author (KK) between
June and September 2010, the review in stage 2 was updated

Table 2. The six themesin mHealth.

Kallander et d

in April 2012 by using the same search termsas used previously.
Project descriptions published after these dates are not included
inthis review.

Theinformation from stage 1 was structured by the first author
(KK) who classified the projectsinto predefined themes. Various
numbers of themes have been used previously within the
mHealth ecosystem, ranging from 4 different categories in a
review by Blynn [12], 5in a paper by Mechadl et al [5], and 6
in a report by Vita Wave Consulting [6]. To give a more
diversified description of the projectsreviewed, we adopted the
6-theme classification used by Vital Wave Consulting (Table
2).

Theme? Description

Education and awareness
behavior-change campaigns.

Data access

Primarily 1-way communication programs to mobile subscribers via SM S/text messaging in support of public health,

Applications designed to use mobile phones, PDAS, or laptops to enter and access patient data. Some projects may

also be used by patients to access their own records.

Monitoring and compliance

One- or 2-way communicationsto the patient to monitor health conditions, maintain caregiver appointments, or ensure

strict medication regimen adherence. Some applications may also include inpatient and outpatient monitoring sensors
for monitoring of multiple conditions (such as diabetes, vital signs, or cardiac).

Disease and emergency
tracking
for visualization.

Health information systems

Applications using mobile devices to send and receive data of disease incidence, outbreaks, geographic spread of
public health emergencies, often in association with Global Positioning System (GPS) systems and backend applications

Applications developed for “back office” or central health care information technology systems allowing for access

by and integration with mHealth application. Such applications often tie-in to regional, national, or global systems.

Diagnosis and consultation

Applications devel oped to provide support for diagnostic and treatment activities of remote caregiversthrough Internet

access to medical information databases or to medical staff.

@ Adopted from Vital Wave Consulting [6].

Key mHealth technologies reviewed included mobile phones,
PDAsand smartphones, patient monitoring devices, and mobile
telemedicine devices. The ways these tools can be used for
education and awareness, data access, and for strengthening
health information systems were explored. We al so considered
how mHealth may support patient monitoring, clinical decision
making, and tracking of drugs, supplies, and emergencies.

For information gathered in stage 2 of the review process, the
results were analyzed, classified into atheme, and described in
more detail by using a predesigned data collection table
(available on request from first author). The results were
presented to the coauthorsin an 8-person research team meeting
and the classification was discussed until consensus was
achieved.

http://www.jmir.org/2013/1/e17/

Results

Common mHealth Solutions

The main capabilities provided by mHealth applications are
voice, text, and data access with information going 1 way, 2
ways, or multiple ways (Table 3). These applications included
phone calls (personal or automated robocalls with or without
toll-free numbers), text messages (including persona text
reminders or mass texting for community mobilization), data
transfer for health record tracking or clinical decision support,
and mobile telemedicine devices for patient monitoring or
diagnosis.
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Table 3. Example of mHealth applications utilizing 1-way, 2-way, or multiway communication.

Communication type

Example mHealth application

1-way SMS/rapid SMS
Sending data

Push messages

“Please call me” message

2-way

Quizzes/games

Hotlines/textlines

Sending data and receiving feedback

Remote consultation/training

Multiway Frontline SMS
Facebook

Twitter

One-Way, Two-Way, or Multiway Applications

Communication between a sender and receiver can occur in
more than 1 direction and within varying group sizes. One-way
communication is similar to mass media that distributes
information in 1 direction. mHealth innovations have typically
been designed as 1-way communicationsin which projects use
“push” technology to deliver information to subscribers’ phones
by using messages tailored to personal needs. Most commonly
identified push designs include bulk short message service
(SMS) or robocalls to large audiences.

Two-way communication is interactive and more similar to
interpersonal communication. For users, interactivity may
require greater effort and generate greater interest. Interactive
quizzes, information menus, data collection and tailored
responses, hotlines, and interactive voi ce responses are examples
of 2-way communication [5]. Although most 2-way
communication does not occur in real time, some applications,
such as closed user groups or voice over |P (VolP) for remote
health consultations and health worker training, do use real-time
communication [6].

Multiway communication can vary the number of senders and
receivers, including 1-to-many, many-to-1, and many-to-many
communication. Many-to-many communicationsinclude social
media applications, such as Facebook or Twitter, that can be
accessed from most Internet-enabled mobile phones. Most
mHealth projects used a combination of 1-way and 2-way
communi cation methods pertinent to several themed categories
in Table 2, whereas only afew projects could be identified that
used socia media

Education and Awar eness

The CellphonesAHIV project in South Africa described by de
Tolly and Alexander [13] sends out messages on antiretroviral
treatment adherence using Unstructured Supplementary Service
Data (USSD) (ie, the system used to load airtime), Mxit (a Java
application that allows general packet radio service [GPRS] or
3G-based instant messaging) and voicemail messages pushed
into the user’s voicemail inbox with notification by SMS. Push
designs were found to have differing capabilities, limitations,

http://www.jmir.org/2013/1/e17/

and requirements, but may be combined, adapted, or further
expanded as technology evolves.

Projects for remote health information dissemination, like
Project Masiluleke [14] and Text-to-Change (TTC) [15], have
reached large audiences with information on HIV prevention
and treatment using " please call me” (PCM) messages and bulk
SMS. PCM messages have been widely used in mHealth projects
in Africabecausethey arefree for senders and can be sent from
phones that have no credit. Project Masiluleke in South Africa
sent 1 million PCM messages per day for 1 year, offering contact
information for local HIV and tuberculosis call centers
[14].Within 5 months, calls to South Africa’s National AIDS
helpline quadrupled [16]. In Uganda, TCC used a bulk SMS
platformto create dialog and increase awareness of HIV in order
to reduce rel ated stigmaand discrimination, and motivate people
to seek HIV testing and treatment [15]. TTC also sent out
quizzes and information about HIV prevention and testing,
awarding those who pass the quiz with airtime. Of 15,000
subscribers contacted by TTC, 2500 responded to each question.

In FHI1360-SATEL LIFE’'sUganda Health Information Network
(UHIN) project, continuing medical education targeted to health
workers was broadcast 3 times per week via PDAS regarding
diagnosis, treatment, and prevention of major health problems
[17]. In addition, they received daily news from mainstream
media. Other projects used SMS for behavior-change
communication. The Text2Teach project gave Philippine
teachers a mobile phone texting platform to receive videos via
satellite over school-based televisions and mobile technology
involving parents [18]. Behavior-change communication can
be used in various applications, from family planning and
teenage pregnancy to disease awareness and prevention to advice
on agricultural and farming techniques.

Social networks, such as Facebook, Twitter, or Hi5, are used
by hundreds of millions of peopleto communicate about ahuge
range of topics, including health. The WHO used Twitter during
the influenza A (H1N1) pandemic and, at time of writing, had
more than 11,700 followers from all over the world [19]. In
Mozambique, the nonprofit organization DKT International
launched a social franchising program, branded as Intimo, that
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uses social mediato increase access to its clinics. Its Facebook
page reaches over 6600 Mozambicans (85% between the ages
of 18 and 34 years) with information on family planning and
reproductive health [20]. In Indonesia, the Fiestacondom brand
has used Facebook, Twitter, and YouTube to talk about safe
sex and condom use [21].

Community Health Worker Program I nnovations for
Education and Awareness

Through SMSwith community membersand community health
workers, mHealth has opportunities to communicate health
messages directly and simultaneoudly [22]. The SM'S campaigns
for health education, promotion, and awareness typically used
SMS to disseminate information and prevention messaging or
direct patients to services. Mobile phones aso present
opportunities for community health workers to communicate
directly with one another and provide peer support [4]. To
provide additional support to community health workersduring
home visits, the Tanzanian Mobile Video for Community Health
Workers project used the CommCare tool to provide health
education videos played on mobile phones [23].

Stakeholders  suggested expanding 1-way to 2-way
communications, including introducing areferral aert process
inwhich community health workers call health facilities before
the patients' arrival [4]. Establishing call-in services for each
health facility could also alow community health workers to
receive updated information on drug stocks, attendance records,
and other relevant information. In addition, appointment
confirmation texts for referred patients with time, date, and
appointment location could be effective, aswell as SMS alerts
to community health workers about appointments attended by
referred patients. Texts or SMS could also be used by health
facility workers and community health workers to keep each
other informed of recent developments and upcoming events,
including SM'S to community health workers on their birthday
for motivation [4].

The concern that national privacy laws can hinder projectsfrom
accessing thetarget beneficiaries’ personal phone numberswas
raised. One stakeholder mentioned a project in which a
collection of mobile phone numbers for health workersto send
push messages had to be stopped after concerns were raised
about the assumption that all health providers had given their
permission to allow projects to reach them on their telephones
(J Tibenderana, personal communication, September 2010).

Data Access

Innovations in mHealth can conceivably change how data are
used in health programs, leading to faster, decentralized decision
making and reall ocation of resources dueto faster dataanalysis
[22]. Handheld computers, PDAS, or laptops for data collection
and reporting can use 1- or 2-way communication systems.
RapidSM S has established a 2-way flow of communication that
empowers stakeholders with a dynamic tool for fast, efficient,
and accurate data collection, analysis, and communication [24].
In addition, SM S-based datafor health care workers can identify,
diagnose, and track patients by using streamlined technology
that is automatically updated in a central system.

http://www.jmir.org/2013/1/e17/

Kallander et d

Twelve Ugandan projects used mobile technology for data
collection and reporting [9]. Most were designed as 1-way
communication systems to improve data collection or
management in surveys, routine care, and vaccine trials.

Community Health Worker Program I nnovations for
Data Access

Although there is little evidence of the effectiveness of
community health workers collecting and self-reporting data
from patient records, mobile phones have been suggested as a
useful tool for rural health workers' reporting of data as it is
suggested it improves accuracy, reduces time and cost, and
improves data quality [19]. A cost-effectiveness study showed
that using PDAs for data collection delivered 24% savings per
unit of spending over traditional manual data collection and
transmission approaches [25]. However, use of PDAs in a
Rwandan ICCM program exacerbated, rather than lessened,
volunteer workload [4]; mobile phone-assisted data collection
became onerous and was felt to have distanced community
health workers from the human side of their role, turning them
into “ data collection robots.”

Blaschke et a [26] and the Millennium Villages Project [27]
describe the use of ChildCount+ that uses mobile technologies
for improving data use and reporting among community health
workers in several African countries, including Malawi and
Uganda. This platform, developed by the Millennium Villages
Project, aimed to improve maternal and child survival by
supporting delivery of community-based management of acute
malnutrition, malaria, and diarrhea. Three months after initiation,
95% of 9561 children under 5 years in the Maawian cluster
had been registered using mobile technology, and only
approximately 10% of incoming messages to the system were
rejected due to improper formatting [26]. The RapidSMS
platform used led to significant reduction in data transmission
delay compared to Malawi’s current paper-based system.

Monitoring and Compliance

Text messaging via mobile phones has garnered increasing
attention as a means of reminding patients of appointmentsin
the United Kingdom, United States, Norway, and Sweden. This
resulted in a lowering of nonattendance to scheduled
appointments, yielding significant savings in health costs for
facilities and practitioners [28]. In this case, the benefit is
cost-related rather than health outcome-related.

In addition, SMS has aso been used as a way of monitoring
patients medication compliance. However, literature on
treatment compliance has focused primarily on management of
chronic diseases, such asdiabetes, smoking cessation, and breast
cancer, in high-income countries and few examples exist from
low- and middle-income countries [5]. A South African trial
showed tuberculosis patients with increased compliance rates,
and a Thai study showed that 90% of tuberculosis patients
receiving daily SM S medication reminders adhered to treatment
[7,12]. A Kenyan efficacy study provided 428 HIV patients
with mobile phones and randomized patients to receive daily,
weekly, or no SMS reminders. Treatment adherence was
improved for patients receiving weekly, but not daily, SMSand
treatment interruptions were less likely [29]. Adding words of
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encouragement to an SMS did not prove more effective and
confidentiality was a concern.

To improve medicine compliance and adherence to antiretroviral
drugsin Uganda, amedical container called Wisepill was used
to transmit acellular signal whenever opened, send weekly SMS
at preset times, and provide interactive voice response [30]. A
similar project, SIMpill, monitored adherence to tuberculosis
drugs in South Africa [31]. Few randomized controlled trials
studying treatment compliance were found, and statistically
significant results were limited by sample size; mixed results
have been found in other studies [32]. A strong focus on
feasibility and usability was evident, with little connection to
health outcomes [5].

Other mHealth applications can be used to improve compliance
to guidelinesby health workers. A proof-of-concept randomized
controlled Kenyan trial on adherence to malaria treatment
guidelines used 10 carefully designed SM Sswith drug delivery
instructions and an unrelated motivational messageto aid rural
health facility workers [33]. Both immediate and 6-month
analyses showed improved mal aria case management. Thetrial
isundergoing cost-effectiveness analysisand qualitative analysis
to examine possible added burdens on health workers.

Community Health Worker Program I nnovations for
Monitoring Compliance

A randomized controlled trial delivered SMS to
community-based peer health workers in rural Uganda
supporting antiretroviral treatment for HIV patients [34]. No
virological differencesin patient outcome over 26 monthswere
observed, but limited qualitative data showed improvementsin
patient care, logistics, and broad support from health workers
and patients. Improvements in peer health worker morale and
confidence were reported; peer hedth worker-patient
relationships improved, shifting burdens from staff-patient
relationships. As compared to voice calls, reservations about
the lack of immediate response via SMS were noted, privacy
concerns were raised, and phone maintenance and charging
were also problematic.

Disease and Emergency Tracking

Several countries have used mHealth innovations for not only
disease tracking, but also for supply tracking. The Foundation
for Innovative New Diagnostics (FIND) deployed RapidSMS
in 2 districtsin Ugandaand worked with health centersto submit
and map weekly epidemiological records, malaria case
management, and malaria medicine stock reports [35]. The
platform Epi Surveyor has also been widely used for emergency
response and tracking supplies. It allows users to download,
fill, and send forms to central databases for real-time analysis
[36].

Mobile phones and Web-based technologies have also been
used for early warning of disease outbreaks. The Acute
Encephalitis Syndrome Surveillance Information System
(AESSIMS) project in India aimed to improve immunization
services for Japanese B encephalitis, diphtheria, hepatitis B,
measles, pertussis, tetanus, and polio by tracking diseases in
real time [37].

http://www.jmir.org/2013/1/e17/
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Reports have described mobile technology use during natural
disasters, including the earthquakes in Chinain 2008 and Haiti
in 2010 [38,39]. Mobile phoneswere primarily used for tracking
population movements, infectious disease reporting, and
coordinating search and rescue missions. Studies investigating
mobile phone use for telemedicine during emergencies found
them effective for relatively fast and accurate in-transit patient
treatment, sending images for diagnosis, and using video
capabilities.

Community Health Worker Program I nnovations for
Disease and Emergency Warning Systems

Aspart of Cambodia s malariaelimination strategy, the National
Center for Parasitology, Entomology and Malaria Control
(CNM), with technical support from Malaria Consortium and
WHO, village malaria workers are trained to send SMSs to
report malaria cases in rea time [40]. These SMS messages
also support the paper reporting that feeds into the health
information system from the health centers. The project had
low start-up costs, estimated at US $100 for each village malaria
worker, which includes a mobile phone, subscriber identity
module (SIM) card, solar charger, and training. Because of the
effective cooperation with the private sector, all SM S messaging
isfreeresulting in essentially zero maintenance costs [41].

In areas where outbreaks of disease occur, community health
workers could use mHealth to track medicine stocks (eg, FIND)
and report observed cases with daily case statistics delivered
using FrontlineSM S [40]. Community health workers can also
minimizetheimpact of outbreaks by disseminating educational
information about disease prevention and handling. In the
Healthy Child Uganda project, community health workers used
mobile phonesto send emergency alertsand requisition supplies
to support ICCM activitiesin treating pneumonia, diarrhea, and
malaria[42].

Health Information Systems

Health administration systems are used for epidemiological
research, tracking of indicators for monitoring and evaluation,
and financia and cost reporting for supply management [6].
Mozambique used PDAS to support collection of data from
health records[43]. The stand-al one system, known as“maddulo
basico,” has now beenimplementedin al provincesand districts
in the country [44].

Several African countries, including M ozambique and Uganda,
have tested 2-way accessto district health information by using
mobile phone networks and low-cost PDAs for data
dissemination, collection and reporting, and email exchange
[17,45]. The M ozambique Health Information Network (MHIN)
set up data transfer via PDAs using wirel ess access points and
a server located at the Ministry of Heath in Mozambique.
District health offices received data from health centers and
used the network to monitor drug stocks and guide orders. Up
to 50% improvement in data quality was observed. The MHIN
services are expanding to additional districts and cost-benefit
analyses comparing MHIN- and paper-based approaches are
planned [45].

The same team who worked on MHIN also set up UHIN in
Uganda[17]. Health workers used PDASs to collect and upload
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dataand emailsviainfrared, Bluetooth, or Wi-Fi at rural health
facilities. The access point sent data and messages via mobile
networks to the server, which routed them to the correct
recipients and sent return messages with data and health
information.

The public-private SM Sfor Life project in Tanzaniaused mobile
phones and electronic mapping technology to generate and
deliver weekly information to health centers on malaria
medicines [46]. The project proved successful, and medicine
stock-out rates were significantly reduced within 21 days.

Sustainability of countrywide mHealth programs relies on
incorporation with the national health care program of the
country, yet few African countries have developed national
eHealth or mHealth policies, strategies, or guidelines[5]. Much
of thisisbecause of the limited knowledge of what works, how
it works, and how muchiit costs. An exception is Ethiopia, where
anational policy for eHealth is about to be launched [47].

Community Health Worker Program I nnovations for
Health Information Systems

Few studies have examined health information and
administration systemsthat include community health workers.
Thel CTAMPOWER project isa3-year proof-of-concept project
in Uganda aiming to increase health system effectiveness and
empower community health workers in rural areas by aiding
referrals and patient follow-up, while ensuring transfer of skills
and knowledge to heath workers [48]. The Tanzanian
CommCare project provided a community health mobile
platform, enabling community health workers to provide more
efficient care and to receive better supervision [49]. Such
projects indicate the great potential to link community health
workers with health administration systems by using mobile
technologiesthat would add val ue to government health policy,
providing integrated health data and a dynamic picture of
national health care provision.

Diagnosis and Consultation

Use of electronic technol ogiesto provide support for diagnosis,
consultation, and treatment activities conducted by remote
caregiversisincreasingly common. Mobile phones can be used
as respiratory or pulse rate counters, gestational age date
calculators, drug dose calculators, drip rate calcul ators, and drug
reminder alarmswhen installed in mobile phones and linked to
asensor [50]. Another example of adiagnostic tool is Cell Scope,
which uses a modified mobile phone for blood, urine, or other
sample loading for malaria, HIV, and tuberculosis diagnosis
[51]. None of these applications requires any transfer of data;
hence, running costs are close to zero.

A pilot study of Electronic Integrated M anagement of Childhood
I1Inesses (el M ClI) inrural Tanzania, tested whether PDAs could
improve diagnosis of children using IMCI protocols. The project
was found to be feasible and acceptable to health workers in
providing mobile decision support [52]. In addition, 6 Ugandan
projects used mobile phonesto send medical test resultsthrough
SMS or email to patients and health workers; others used
wireless devices to provide clinical training and patient care
support services[9].
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Community Health Worker Program I nnovations for
Diagnosis and Consultation

RapidSM S can be used in various ways, including supporting
community health worker-patient interactions [24]. Mobile
phones used asjob aides could allow community health workers,
viaSM S or datatransfer, to send patient information and receive
instructions on how to proceed [27]. This could demonstrate
program effectivenessto community health workers, potentially
motivating continued work and better service [4]. In Colombia,
the CelPhone GuideView system broke down complex
diagnostic and treatment procedures into simple steps for
community health workers using an authoring tool in which
text, pictures, audio, and video were embedded to ad
comprehension and ease of use [50,53]. Community health
workers were then able to transmit images, data, and audio to
remote experts for further advice.

Discussion

The review revealed that there are very few forma outcome
evaluations of mHealth in low-income countries. Although there
isvast documentation of project process and uptake, most were
evaluations of small-scale pilot studies that were not designed
to demonstrate an impact on behavior change or health. There
isaso alack of mHealth applications and services operating at
scalein low- and middle-income countries. The most commonly
documented use of mHealth was 1-way text-message and phone
reminders to encourage follow-up appointments, heathy
behaviors, and data gathering. Two-way communication
applications focused primarily on data transmission with
automated feedback response, and few projects were
implementing real-time communication. Although some claim
that social media can be an effective tool for engaging patients
online[54], othersargue that health ingtitutions need to devel op
clear policies about the use of socia media in patient care
environments to ensure patient safety [55]. However, the
majority of multiway and social media projects identified in
this review were patient/user driven, such as Facebook or
Twitter, with little or no involvement of treating physicians or
Nurses.

A limited number of mHealth projects were found which
specifically targeted community health workers. Of the few
projects identified, most used a combination of simple mobile
phone applications for data submission, job aids to improve
diagnostics, and for sending and receiving SM 'S messages and
reminders. None of these projects had evaluated the impact of
these tools on community health workers quality of care
provided. Most projects used applications that communicated
by using 1-way or 2-way SMS, whereas GPRS-enabled
applications were rare. Although several projects tested
applications that aimed to improve accuracy in community
health worker data submission and clinical decision-making
skills using electronic job aids [26,27,49], international
stakeholders cautioned that these may result in community
health workers focusing more on the technology than on the
patient [4].

The key considerations for successful use of or expansion of
mHealth innovations include collaboration, financing, literacy
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and cultural, partnerships, and technical considerations (Table
4). Asayoung field, mHealth iswell positioned to benefit from
best practices and available technology documented in various
project reports. Sustainability and scalability are still the main
challengesto the strategic depl oyment of mHealth applications,
partly reflecting the gap between what application developers
are doing on the ground and what the governments see as
priorities and initiatives they need to step in and support [2].
Establishing true partnerships with users and policy makers

Kallander et d

throughout the design and implementation processesis critical
for success and collaboration with operators could ensure
technical support, make scale-up possible, and reduce costs to
drive mHealth demand and innovation [4,5]. Thisisillustrated
by examples from Ghana and Cambodia, where physicians
registered with the Ghana Medical Association have access to
unlimited calls through the mobile service operator, OneTouch
[3], and where village malaria workers in Cambodia report
malaria cases by using free SMS with Mabitel [40].

Table 4. Key considerations for successful use and expansion of mHealth innovations.

Areas of consideration Description

Collaboration

Collaborative projects allow simpler widespread implementation

Collaboration with operators could ensure technical support and make program scaling possible

Collaboration more likely when all partners display strong affinity to the goal

Costs and sustainable financing

Collaborations can provide resources and support for project costs

Organizations more likely to commit resources for piloting new initiatives when projects
lasted for limited timeframe, when partners maintain control over deliverables, and when
funds do not need approval and transference to third party

Average SMS cost does not exceed US $0.05

Lost phones and hardware can be mitigated by providing cheaper phones and ensuring
equipment bears the program logo

Literacy and cultural specificity
countries

Illiteracy is an important consideration for text-based innovationsin low- and middle-income

Accessibility to target users/patients must consider cultural sensitivities

Health worker partnership, engagement, training, and
compliance

Partnership with users can enhance design and implementation of projects

Using iterative cycles with target users when devel oping a software can stimulate ownership
and enhance project engagement

Datafeedback reports should be distributed to users submitting dataregularly (perhapsinitialy

once per week)

Use brief and personal SMS messages, allow opt out, alow language choice (with careful
translation), and validate content with target users

Technical considerations

Use user-friendly and project-appropriate equi pment

Maintain 160 character length for SMS

Take care with abbreviations, slang, and tone in SM'S messages

Ensure enough time for procuring and establishing necessary equipment and phone lines

First resolve lack of telephone and Internet connectivity among target health care providers

Use of existing technology, such as “please call me” messages, rather than introduction of

new technologies

Implement clear data usage and storage guidelineswith dataquality checks and backups made

frequently

The national ownership of mHealth applications cannot be
overemphasized. Some good examples of country ownership
exist, such as state programs in Ghana and Nigeria, which
address maternal and neonatal health using mobile phones[56].
The challenge is to have health ministers and officials at the
same table as mobile service providers, doctors, technologists,
and financiers. Coordination among these stakeholders and
agreement of incentive structures and responsibilities for
meaningful collaboration is needed to better inform public and

http://www.jmir.org/2013/1/e17/

private investments and the deployment of commercially viable
solutions [5].

The mHealth interventions often used SMS to provide
infformation,  motivate  individuals, and  encourage
self-management or promote disease prevention. However,
illiteracy isanissuefor text-based prevention interventions [5].
Culturally specific provision of health information isimportant
because poorly designed campaigns can have negative
unintended effects; good understanding of cultural context and
strategiesto overcome language and literacy barriers are needed.
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As with other mHealth applications, there is a significant gap
in evidence on behavioral, social, economic, and health
outcomes of using mobile phonesand SM Sfor improving health
in low- and middle-income countries, as demonstrated in a
systematic review of the literature [57].

Funding in low- and middle-income countries is not adequate
to support complex telemedicine in emergency situations.
Infrastructural limitations, such as network capacity, also
congtrain the effectiveness of emergency monitoring and
tracking [5]. However, routine data from all active SIM cards
could be used in disaster-affected areas for near real-time
monitoring of population movements during disease outbreaks
[39]. Another significant barrier to implementation of mHealth
systems is in relation to heath worker resistance to new
technology and broader discussion and research about health
worker benefits, and incentives for use and compliance is
required [5,6,22]. Thiswould include ensuring adequate training
also remainsacritical component for large-scal eimplementation

[5].

Addressing security and privacy issues in mHealth has also
proven challenging. Guidelines on therightsto data, usage, and
storage must be outlined and implemented, with sufficient
qualitative datato explain potential findings collected alongside
close program monitoring. For mHealth success, cooperation
between local communities and regional and national health
information systems is essential [3,58,59]. It is also unclear
from the review whether SM S projects for health workers need
to comply with any national privacy laws because collecting
health workers' private phone numbers to push messages is
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assuming that they have all given their permission to have the
project reach them on their phones.

Limitations related to the landscape analysis should be
considered when interpreting the results. The review focused
only on 6 major thematic areas for mHealth and it is possible
that some mHealth applications and tools have been excluded.
Given the bulk of projects piloting mHealth applicationsin low-
and middle-income countries, the first stage of the review only
describes a sample of projects and applications tested under
each thematic area. However, the second stage of the review,
ie, that of mHealth projectstargeting community health workers,
was deemed systematic and comprehensive. The sources of the
information reviewed were primarily obtained from project
websites because few peer-reviewed evaluationswereidentified,
potentially resulting in overreporting of positive results and
underreporting of challenges or failures.

With partnerships forming between governments, technol ogists,
non-governmental organizations, academia, and industry, there
is great potential to improve health services delivery using
mHealth in low- and middle-income countries. As with many
other health improvement projects, a key challenge is moving
mHealth approaches from pilot projects to national scalable
programs while properly engaging heath workers and
communities in the process. By harnessing the increasing
presence of mobile phones among diverse populations, thereis
promising evidence to suggest that mHealth can be used to
deliver increased and enhanced hesalth care services to
individuals and communities, while helping to strengthen health
systems.
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Abstract

Background: Parkinson’'sdisease (PD) isan incurable neurological disease with approximately 0.3% prevalence. The hallmark
symptom is gradual movement deterioration. Current scientific consensus about disease progression holds that symptoms will
worsen smoothly over time unless treated. Accurate information about symptom dynamicsis of critical importance to patients,
caregivers, and the scientific community for the design of new treatments, clinical decision making, and individual disease
management. Long-term studies characterize the typical time course of the disease asan early linear progression gradually reaching
aplateau in later stages. However, symptom dynamics over durations of days to weeks remains unquantified. Currently, thereis
a scarcity of objective clinical information about symptom dynamics at intervals shorter than 3 months stretching over several
years, but Internet-based patient self-report platforms may change this.

Objective: To assesstheclinical value of online self-reported PD symptom data recorded by users of the health-focused Internet
social research platform PatientsLikeMe (PLM), in which patients quantify their symptoms on aregular basis on a subset of the
Unified Parkinson’s Disease Ratings Scale (UPDRS). By analyzing this data, we aim for a scientific window on the nature of
symptom dynamics for assessment intervals shorter than 3 months over durations of several years.

Methods: Online self-reported data was validated against the gold standard Parkinson’s Disease Data and Organizing Center
(PD-DOC) database, containing clinical symptom data at intervals greater than 3 months. The datawere compared visualy using
guantile-quantile plots, and numerically using the Kolmogorov-Smirnov test. By using asimple piecewiselinear trend estimation
algorithm, the PLM data was smoothed to separate random fluctuations from continuous symptom dynamics. Subtracting the
trends from the original data revealed random fluctuations in symptom severity. The average magnitude of fluctuations versus
time since diagnosis was modeled by using a gamma generalized linear model.

Results: Distributions of ages at diagnosis and UPDRS in the PLM and PD-DOC databases were broadly consistent. The PLM
patients were systematically younger than the PD-DOC patients and showed increased symptom severity in the PD off state. The
average fluctuation in symptoms (UPDRS Parts | and 11) was 2.6 points at the time of diagnosis, rising to 5.9 points 16 years
after diagnosis. This fluctuation exceeds the estimated minimal and moderate clinically important differences, respectively. Not
all patients conformed to the current clinical picture of gradual, smooth changes. many patients had regimes where symptom
severity varied in an unpredictable manner, or underwent large rapid changes in an otherwise more stable progression.

Conclusions:  This information about short-term PD symptom dynamics contributes new scientific understanding about the
disease progression, currently very costly to obtain without self-administered I nternet-based reporting. This understanding should
have implications for the optimization of clinical trials into new treatments and for the choice of treatment decision timescales.

(J Med Internet Res 2013;15(1):€20) doi:10.2196/jmir.2112

http://www.jmir.org/2013/1/e20/ JMed Internet Res 2013 | vol. 15 | iss. 1 €20 | p.171
(page number not for citation purposes)


mailto:maxl@mit.edu
http://dx.doi.org/10.2196/jmir.2112
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

KEYWORDS

Littleet a

Parkinson’s disease; social networks; medical informatics, symptoms; pharmacodynamics

Introduction

Parkinson's disease (PD) is a relatively common, progressive
neurological disorder affecting approximately 0.3% of the
general population in industrialized countries [1]. It generally
affects people over 60 years, but rarely younger people under
the age of 40 years also develop the disease. PD is considered
amovement disorder (ie, it affectsthe ability to perform normal
voluntary motion), but patients also experience cognitive
impairment and emotional/mood disturbances. The classic
movement symptoms of PD include exaggerated tremor, rigidity,
and slow or hesitant motion. These movement problems often
have a substantial negative impact on the ability of the patient
to perform essential everyday activities, such as bathing,
dressing, turning in bed, walking unaided, and getting up from
a sitting position. The cause of PD is currently thought to be
the loss of dopaminergic neuronsin an area of the brain known
as the substantia nigra. PD is incurable, and there are no
absolutely conclusive diagnostic tests. The most accurate
diagnosis based on behavioral symptoms achieves, at best, 90%
accuracy when compared to postmortem pathological
examination [2].

The mortality rate of patients with the disease is significantly
increased relative to healthy people [1]. There are a few
approaches to treating the symptoms of PD. The first line of
defense is the drug levodopa that replenishes dopamine in the
substantia nigra, which reduces the severity of movement
symptoms. However, this drug tends to become less effective
over time and can also lead to severe side effects, such as
involuntary movements (dyskinesias). Surgical treatments, such
as deep brain stimulation, have been shown to be effective for
many patients who do not respond or have ceased to respond
to drug treatments. Current scientific understanding holds that
the severity of PD symptomswill smoothly increase over time,
faster at first and often leveling out in the later stages[3].

Trials for new treatments and assessing the effectiveness of
treatments require objective data about symptom severity. A
coarse quantitative measure of symptom severity is the Hoehn
and Yahr (HY) ordinal scale [4] that assigns a number from O
to 5, with 0 being healthy and 5 denoting severe disability. This
has been largely supplanted by the ordinal Unified Parkinson’s
Disease Rating Scale (UPDRS) (version 3.0) [5] and associated
tests [6], which are more time consuming and expensive to
administer, but are more precise. The most commonly used
parts of the UPDRS (Parts |, I, and I11) range on a scale from
0 (healthy) to 176 (severe disability) [5], athough asimple and
accurate formula exists to predict HY from UPDRS[7].

The UPDRS values have been collected for patients at all stages
of the disease, and there is substantial research data available
on PD symptom progression quantified on thisscale. Thiskind
of data has been used to calibrate models of PD symptom
progression over the course of years to decades [3]. However,
the full UPDRS is a complex test that requires expertise to
administer (even if that expertise can be taught to general
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medical personnel [5]), attendance of the patient in the clinic,
and the average time for administration of the full test is
approximately 17 minutes [8]. Unfortunately, these difficulties
mean that it is usualy prohibitive to objectively score PD
symptom severity on timescales shorter than 3 months (low
frequency). Since most longitudina UPDRS data is low
frequency, objective information about symptom dynamics
occurring on ashorter timescal e than 3 months (high-frequency
data) is lacking.

There are many clinical situations in which high-frequency
symptom dynamics would be useful. For example, in testing
new drug treatments there is a trade-off between minimizing
exposure to the novel drug to reduce the risk of unknown side
effects and maximizing the opportunity to detect significant
changes in symptoms. This tempora trade-off cannot be
optimized on a quantitative basis without high-frequency data
upon which to base the statistical analysis. Similar issues arise
in diagnosis where PD is suspected. If, in conjunction with
movement symptoms on 1 side of the body only, taking
levodopa leads to a reduction in symptom severity, the patient
is highly likely to have PD [2]. However, there is still a
non-negligible chance that the patient has some other
neurological disorder with PD-like symptoms, such as
progressive supranuclear palsy. This disease can progress very
rapidly, so it is important to diagnose this quickly. Thus, the
window of this “exploratory” prescription of levodopa for
differential diagnosis must be made as short as possible.
However, it should not be so short that rapid, natural fluctuations
in symptoms confound proper diagnosis.

Recently, health-focused I nternet websites have been established
that allow users to track their disease progression by using
surveys and other remote monitoring devices, for example. We
obtained the UPDRS datafrom PD users of the PatientsLikeMe
website [9], which has recruited over 6000 PD patients
worldwide since 2007. Some of these patients are particularly
dedicated diarists who have documented their symptoms on a
regular basis over a number of years. The result is an
unprecedented, high-frequency symptom dataset that has the
potential to be used to address some of the shortcomings of
existing low-frequency clinical data. For example, if the data
are sufficiently accurate, it could be used to supplement in-clinic
checkups between visits. Similar data were used for another
neurologica disease (amyotrophic lateral sclerosis) to refute
the idea that lithium carbonate slowed the progression of that
disease [10]. The purpose of this study is an exploratory
investigation into the high-frequency dynamics and other
properties of this novel PD dataset to assess the clinical value
of these data.

Methods

Patient Recruitment and Data Collection

The main outcomes of this study were quantified by using the
UPDRS. This scale consists of 5 parts: Part | covers cognitive,
behavioral, and mood symptoms; Part |1 evaluates activities of
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daily living; Part 111 measures motor symptom severity; and
Parts IV and V contain HY stage and an evaluation of daily
living activities on the Schwab and England scale [6]. Parts |
to 111 contain separate sections, each with a score ranging from
0 (no symptoms) to 4 (severe symptoms). Part | has 4 sections,
and Part 11 has 13 sections.

Two data sourceswere used: the PatientsLikeMe (PLM) dataset
and the Parkinson's Disease Data and Organizing Center
(PD-DOC) dataset [11]. The PLM data were used to provide
long-term quantification of individual symptoms occurring on
a timescale shorter than 3 months. The data are entirely
self-reported. Userssign up to the website where they can enter
demographic details, information about their disease course and
symptoms, and their treatment history. Specifically, we collected
age, gender, treatment status, HY staging, and UPDRS Parts |
(mentation, behavior, and mood) and Il (activities of daily
living) information. Part 111 of the UPDRS (motor symptoms)
was excluded because the collection of this data was deemed
not suitablefor self-report. Not al self-reported symptomswere
accompanied by treatment status indications.

At the time of preparation of this manuscript, the PLM dataset
contained 6074 PD patients, of which 2931 completed at |east
1 UPDRS survey and entered their birth date and date of
diagnosis. Patients were included in this study if they reported
at least 15 UPDRS scores with a maximum average UPDRS
reporting interval of 65 days between reports. This led to 100
patients being included in this study, and a mean of 29 (SD 14)
symptom self-reports per patient (total of 2896 reports), with a
reporting interval mean of 45 days (SD 12). The mean age of
the sel ected patientswas 54 years (SD 9) at diagnhosis, of which
52 were femae, 48 male. Patients began self-reporting
symptoms approximately 1 year after diagnosis, on average.
The total time interval covered by self-reporting per patient,
from the first report to the last, was 3.1 years (SD 0.8), and all
reports were prospective (after date of joining the website).
Patients contributing to the PLM data agreed to the terms and
conditions of the website when they enrolled, which included
granting permission to PLM to use their medical data for
research purposes[12]. Qualitatively, the PLM dataset represents
a large number of frequent Part | and 1| UPDRS reports and
treatment status across a medium-size cohort of young to
middle-aged patients.

The PD-DOC dataset containsdataon PD patientsfrom multiple
clinical centers in the United States across severa trials with
data collected by clinicians over the period from 2006 to 2011
to aid the process of statistical analysisof PD and for thedesign
and planning of clinical trials into treatments. In this study, it
was used as a reference dataset to verify the PLM data and to
provide background dataon PD. Data collection was coordinated
by the University of Rochester, Rochester, NY. The set
represents UPDRS symptom reports from 564 individual s with
PD, of which 200 were female and 364 male, and a mean age
of 59 years (SD 10) at diagnosis. In PD, during the day there
will be“on” periodswhen the symptoms of PD are suppressed,
to agreater or lesser degree, by thetreatment, and “ off” periods
when the full symptoms reoccur even while taking treatment.
In the “on” state, 1612 UPDRS scores were recorded and 354
wererecorded in the “ off” state. There were amean of 2.9 (SD
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0.9) symptom reports, covering an average of 1.9 years (SD
0.9) per patient. Ethical approval was obtained from the
independent review boards of each US medical center
contributing patient detailsto the dataset. In contrast to the PLM
dataset, PD-DOC can be described as datafrom alarge number
of middle-aged to older patients with clinical UPDRS reports
collected on an infrequent basis.

Validating the PatientsLikeM e Dataset

At the outset, the concept of symptom self-reporting may raise
datareliability questions, primarily becauseit could be suspected
that untrained nonclinical raters may be more prone to certain
systematic errors or biases than trained clinical raters. For
exampl e, they may tend to be biased toward repeating previous
measurements, or may have more inconsistent interpretations
of specific questions across tests than trained clinical staff.
Previous research has shown that when PD patients without
dementia self-report UPDRS Parts | and Il scores, the scores
are consistent with those assessed by the neurologist assessing
them [13]. To our knowledge, there have been no similar
assessments into the reliability of self-reported UPDRS Parts |
and 1 scoring conducted online under nonclinical circumstances.

To address this issue, we compared the PLM dataset against
the PD-DOC data that we considered to be a gold standard
clinical reference set. The distributions of UPDRS Parts | and
Il values and ages at diagnosis were compared visualy on
guantile-quantile (g-q) plots: if the distributions were of the
same form (ie, the same up to atransformation of location and
scale, typically the mean and standard deviation), then on the
g-q plot the datawill lie, approximately, on astraight line [14].
In addition, if the location and scale parameters are the same,
the data will lie on a line with a slope equal to 1. Numerical
comparisons were made by wusing the 2-sample
Kolmogorov-Smirnov (K-S) test applied to the z-scored data
(ie, data in which the mean was removed and then divided by
the standard deviation). This high-precision test was applied to
quantify the results of the visual g-q plot analysis.

Trend Estimation

To analyze the dynamics of PD over short time periods, it is
necessary to remove the effect of trends that occurred due to
the natural progression of the disease over that timescale. One
widespread approach to modeling disease progressionisthe use
of hierarchical mixed-effects models[15]. These are commonly
applied in pharmacodynamics studies[16]. Considerable effort
over the preceding decades has increased the sophistication of
these models from their originsin ssimple linear mixed-effects
models by incorporating additional features, such as smooth
[15] or abrupt nonlinearities in progression [3], nonparametric
progression curves [17], and more recently, clustering of
individualsinto arbitrary groupings using nonparametric Bayes
techniques [18]. In PD, pharmacodynamic studies have fitted
the smooth, Gompertz sigmoidal curve as a model for
progression over the lifetime of the patient with parameters
estimated on low-frequency data[3].

A predominant feature of these modelsis pooling data between
subjects. Drawing on specific knowledge about underlying
physiological processes (eg, in virology, the mechanism of viral
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infection of cell populations can give a biologically plausible
functional form for the curve). Then the problem becomes one
of estimating the parameters for the curve, also known as a
regression problem. When thereisinsufficient progression data
about each individual to get reliable (low variance) individual
parameter estimates, a global model that fits the data pooled
over al individuals can be morereliable, but biased with respect
to each individual. By assuming that the individual regression
parameters are random variables, it is possible to form
compromise parameter estimates by using an appropriate mix
of the global and individual models: thisisthe main premise of
(2-level) hierarchical modeling.

In our case, we wished to perform an exploratory smoothing of
the PLM data that made use of as few assumptions as possible,
and had easily traceable logic from underlying assumptions to
the results obtained by a simple statistical inference procedure.
Also, because we had adequate data at the individual level, we
did not need a pooled model. These considerations meant that
existing mixed-effects model swere not suited to our application:
they require complex inference schemes that involve
approximations (because nonlinear models are generaly
analytically intractable) that obscure the interpretation of the
results, and would be biased from the perspective of the
individual [15-17].

We used a piecewise linear convex regression smoothing
approach (see Multimedia Appendix 1), which can approximate
smooth, nonlinear progression as a series of lines, and can aso
naturally model abrupt changes in progression. The only
assumption about the resulting curveisthat it has minimal total
absolute curvature (second derivative against time) given afixed
total mean squared error with respect to the individual’s PLM
data. Note that this model is related to, but much simpler than,
the nonparametric spline mixed-effects model of Rice and Wu
[17]. In contrast to the Rice and Wu model, however, the

Littleet a

inference problem is convex (it has a verifiable optimum
solution), which is solved by stable computations whose
convergence properties are guaranteed [19].

Residual Modeling

The trend identified above is subtracted from the UPDRS data
to obtain the residuals. Modeling these fluctuations allows us
to quantify the high-frequency dynamics of PD symptoms.
Trendsin the size of these fluctuating residual s can be detected
by using a variety of methods, but because of the specifics of
thetrend estimation algorithm described previously, we modeled
the size of the residuals against time since diagnosis by using
agamma generalized linear model (see Multimedia Appendix
1).

All analyseswere carried out using specialized software written
for the MATLAB platform version R2007a (MathWorks Inc,
Natick, MA, USA). Creative Commons-licensed trend
estimation software is distributed with this publication.

Results

PatientsLikeM e Dataset Validation

The PLM and PD-DOC datasets agree in terms of the broad
shape of the distribution of UPDRS values and ages at diagnosis
(Figure 1). The K-Stest results indicate that, up to achangein
standard deviation and mean, “off” UPDRS values and ages
appear to come from the same distribution, whereas “on”
UPDRS values do not (Note that for the K-Stest, when P<.05,
the null hypothesis that the z-scored data come from the same
distribution can be rejected at the 95% level). Therefore, there
are some systematic differences (see discussion section), but
the fact that the PLM and PD-DOC distributions are broadly
similar in distribution is good evidence that the online PLM
dataset is as reliable as objective clinical data about patient’s
symptom severity.

Figure 1. Validating the online self-reported PatientsLikeMe (PLM) dataset against the clinically scored Parkinson’s Disease Data and Organizing
Center (PD-DOC) reference dataset. Visual comparisons using quantile-quantile plots; statistical comparisons using the 2-sampl e Kolmogorov-Smirnov
(K-S) test applied to z-scored data (K-S test results displayed as the P values above graphs). (a) Unified Parkinson’s Disease Rating Scale (UPDRS)
vaues (sum of Parts| and 1) for values labeled as “ off” treatment in the PLM dataset against values labeled as “ off state” in the PD-DOC data; (b) as

with (a), except for the “on” treatment/state labels; (c) ages at diagnosis.
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Trend Estimation

After performing trend estimation (Figure 2 illustrates the
selection of the regularization constant and the resulting trend),
our next finding is that although most patients do have smooth
progression in symptom severity over time with small to
moderate short-term variability (Figure 3), there are an
interesting and important minority who do not (Figure 4). In
the former group, we found patients with very predictable
increases in symptom severity, increases that slow over time

Littleet a

(Figure 3a, ¢, and d). We also see patients responding well to
treatment with gradually decreasing symptom severity that
eventually reaches a plateau (Figure 3b). These patients all
conform to the current consensus picture of smooth, long-term
symptom changes (eg, following the smooth Gompertz curve
[3]). However, in the nonconforming group, we found evidence
for unpredictable medium-term changes (Figure 4a and b), and
occasional rapid increases (outliers) in otherwise smooth
progression (Figure 4c and d).

Figure 2. Trend fitting and residual modeling of the self-reported Unified Parkinson's Disease Rating Scale (UPDRS) values (Parts | and 11) in the
PatientsLikeMe (PLM) dataset. (a) Absolute values of residuals obtained by subtracting the long- to medium-term trend from the raw values (natural
logarithmic vertical scale), plotted against time since diagnosis in years. The blue line (formula inset) shows the estimated most-likely relationship
between time since diagnosis and average absolute residual value. The gray lines are the 95% CI for the relationship; (b) the relationship between
average absolute residual and time since diagnosisin (a) shown on alinear vertical scale; (c) UPDRS trend, used to calculate residuals, estimated from
an example patient; (d) choice of trend regularization constant for (c), occurring at the smallest value of the cross-validated trend test error.
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Figure 3. Four examples of patients in the PatientsLikeMe (PLM) dataset whose self-reported symptom dynamics conform to the current consensus
picture of slow, predictable Parkinson’s disease symptom progression. Increase is generally smooth, variation around the trend (residuals) are generally
small. “Unknown” refersto datain which the patient did not state whether they were on treatment (on) or off treatment (off) at the time of the symptom
report.
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Figure 4. Four examples of patientsin the PatientsLikeMe (PLM) dataset whose self-reported symptom dynamics diverge from the current consensus
picture of smooth, gradual Parkinson’s disease progression. (a,b) Large, abrupt changes in the trend of symptom severity occurring over periods of a
few weeks or months; (c,d) examples of single, large deviations from the trend in otherwise smooth progression. “Unknown” refers to data in which
the patient did not state whether they were on treatment (on) or off treatment (off) at the time of the symptom report.
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Residual Modeling

Residuals quantifying short-term fluctuations in symptom
severity on the scale of daysto weeks (which affect al patients
to alessor or greater extent) increase steadily in amplitude with
time since diagnosis (Figure 2a and b). At diagnosis, average
Symptom severity variation is 2.6 points, rising to 5.9 points 16
yearslater. Thisfindingisnot simply asystematic consequence
of the nonnegative UPDRS scale: if the short-term variation is
to be symmetric about the long-term trend, then as the score
becomes small, the residuals must get smaller to avoid negative
UPDRS values. However, we find that the residuas are
significantly positively skewed (t test against zero skewness
rejected with P<.001, based on 1000 replicate bootstrapped
skewnessvalues). A similar argument would hold for very large
UPDRS values because the scale has a maximum value of 68.
The PLM data does not contain sufficient information about
severely disabled patients with very high UPDRS Parts | and
Il values (lessthan 10% of the symptom reportsin the database
have stage 4 or 5 HY), and so this argument cannot be tested
with the data available to this study.
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Discussion

Summary of Results

This study addressed the topic of quantifying trends and
variability in PD symptoms that occurs on a timescale shorter
than 3 months. A dataset of 100 PD patients with symptoms,
self-reported on a standard clinical scale, was analyzed.
Although we have found examples of specialized studies
collecting weekly UPDRS valuesin the literature (eg, Goetz et
al [20] recording motor UPDRS weekly for 8 weeks from 16
patients to assess the effect of switching dopamine agonists),
to our knowledge, this rapid self-reporting of PD symptoms
stretching over many years in the PLM data is unprecedented
among existing reference clinical datasets. With appropriate
feedback and socia network community engagement, this
dataset has the potential to grow quickly at little marginal cost
per patient because the usefulness of the network grows with
the square of the network size (an observation known as
Metcalfe's law).

Validation demonstrated the high-frequency self-reported data
are consistent with alow-frequency clinical dataset in common
useinclinical PD studies. Thedistributions of PLM to PD-DOC
off scores are essentially the same (Figure 1a). One systematic
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differenceisthat the mean age of PLM patientsis approximately
6 yearsyounger than the mean age of PD-DOC patients (Figure
1c) whichismost likely a sociological effect: younger patients
are generally more technologically aware, able, or willing to
share their personal data. Similar patterns have been identified
in other conditions, such as multiple sclerosis [21], in which
the average online patient was 4 years younger than patientsin
acomparable clinical reference dataset.

Another systematic difference is that the symptom scores for
PLM patients labeled as on treatment are biased upwards by
comparison to the PD-DOC data (Figure 1b). Furthermore, the
largest symptom scores (>40 UPDRS points) for PLM patients
are much more common than in the PD-DOC dataset (thisis
the reason why, even after z-scoring, the K-S test fails). The
most plausible explanation for this difference in on scores
(PD-DOC) versuson treatment (PLM) is because of differences
in interpretation of the meaning of “on.”

As discussed earlier, and repeated here for clarity, during the
day there will be “on” periods when the symptoms of PD are
suppressed, to a greater or lesser degree, by the treatment, and
“off” periodswhen thefull symptomsreoccur, even whiletaking
treatment. The on/off terminology, therefore, hasthis somewhat
specialized clinical meaning. In the PLM dataset, when
completing UPDRS self-reports, patients are presented with the
following question: “When you answer these questions, are you
thinking about how you are on treatment or off treatment?’ and
they can respond by selecting either “on treatment” or “off
treatment.” Inthe PD-DOC dataset, whichis collected by trained
clinical staff, it can be assumed that the on/off terminology is
used according to the clinically accepted definition described
previously. By contrast, with self-reporting in the PLM dataset,
it ismore likely that the on/off labels refer to taking treatment
(on) versus not taking treatment (off), and it is unclear whether
patients are generally aware of the accepted clinical meaning
of the on/off terms. PLM self-reporters can indicate that thisis
their UPDRS value while on treatment, and this would partly
concur with the clinical on state. Similarly, PLM self-reports
indicating off treatment might, only partly, overlap with the
clinical off statein the PD-DOC dataset.

It is likely that the PLM on label includes many scores that
would be considered, clinically, as off instead, because they
refer to unsuppressed symptoms occurring while the patient is
actively taking treatments (the clinical off condition). Thiswould
lead to the increased scores we observed.

To identify trends in symptom progression, a cross-validated,
convex piecewise linear smoothing technique was applied to
the self-reported data. After subtracting the trend from the
self-reported scores, the remaining residual variations appeared
to increase with time since diagnosis. Furthermore, a minority
of patients were shown to deviate quite considerably from the
existing consensus understanding that proposes smooth, gradual
change in symptoms over time. Our conclusion is that these
residuals are naturally heteroscedastic.

The variationsin symptom severity we detected are unlikely to
be clinically irrelevant fluctuations; previous studies have
estimated the minimal clinically important difference (CID) in
total UPDRS (Parts I-111) values as approximately 4.1 to 4.5

http://www.jmir.org/2013/1/e20/
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points[22]. The maximum value of measuring only Parts| and
Il is 68, whereas the total UPDRS value is 176 points. From
this, we can get a rough estimate of 1.7 (calculated as
68/176x4.3) astheminimal CID for the datain this study, which
implies that at the time of diagnosis, the average residual
variation of 2.6 around the trend that we found is larger than
the minimal variation in symptoms needed to trigger clinical
decisions. Later, at 16 years after diagnosis, the same calculation
shows a moderate CID of 3.3 points, so the average variation
we find here (5.9 points) could be very misleading if taken out
of context (eg, inaclinical trial for a new drug treatment).

Limitations

This study collected self-reported data about cognitive,
behavioral, mood symptoms, and impairment in activities of
daily living. PD is primarily a movement disorder; therefore, it
is important to also be able to quantify movement symptoms.
Nonetheless, activities of daily living are significantly impaired
by motor deterioration, so this section of the UPDRS measures
motor symptoms indirectly. Because the UPDRS is additive,
evenif motor symptomsincrease smoothly in severity according
to along-term trend, the total UPDRS score (Parts1-111) would
still show the effect of variability in Parts | and Il that we
observe here. Previous low-frequency studies showed evidence
of thekind of variability that we found herein motor symptoms,
such as bradykinesia, rigidity, and tremor [3]. Thus, we have
some confidence that the explicit inclusion of a direct
guantification of motor symptoms, athough an important
addition that would alter our assessment of the specific
numerical results presented here, will not fundamentally alter
our conclusions.

The PLM website has no mechanism to require patientsto return
tothe site and enter new symptom reports, but it is possible that
many patients only return to the site to enter their symptoms
when they have experienced a symptom fluctuation. However,
patientsare unlikely to agree on what level of changein UPDRS
constitutes areportabl e fluctuation; and so, we would expect to
see fluctuations of all sizes and differing reporting intervalsin
the dataset. Also, we would not expect to find regular time
intervals between reports (if symptom fluctuations are indeed
random). Therefore, there is no reason to believe that such
fluctuation-triggered reporting is asignificant source of biasin
our results.

The standard CID calculations in UPDRS are performed on
cross-sectional data, and refer to the symptom variation around
the average across all individuals in the PD population [22].
Therefore, to draw meaningful comparisons against this
literature we have performed the equivalent pooling across all
individuals. These CID calculations make the statistical
assumption that the patientsall come from ahomogenous group
sharing the same UPDRS distribution. Our findings here
probably indicate that this assumption may not be statistically
accurate because we have found quite significant differences
in symptom progression and magnitude of variation. Further
statistical analysis may be needed to identify the nature of any
systematic differences or subgroups in residual distribution.
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Implications for Parkinson’s Disease Research and
Clinical Practice

We detected fundamental variability in symptomson timescales
less than 3 months that all patients at all stages of the disease
seem to show. We note that the variability captured by the
residuals we see here is not the same as the variability usually
associated with fluctuators, the clinical term used to refer to
patients with severe symptoms, usually in the later stages of the
disease, who experience intermittent responsiveness to drug
treatments [23].

Typical of many eHealth studies[24], we found alarge attrition
rate. Of the more than 6000 PD patients registered on the site,
the fraction of sufficiently committed usersis small (less than
2%). It can be estimated that entering 30 symptom reportswould
require, on average, approximately 7.5 hours of patients' time
intotal, using timing information derived from self-administered
paper dataentry [5]. Thisisalot of timeto dedicate to entering
datainto acomputer if thereis no obviousreward (eg, financial
compensation frequently used with clinical trias), evenif spread
over nearly 3 years, and is one plausible explanation for this
severe attrition rate. It is possible that patients who are this
dedicated are a select group who may introduce some, as yet
unknown, bias into the results. Nonetheless, aside from this
group being younger than typical clinical populations, we are
not aware of any particular reason why the results we present
here would be biased by focusing on a core of more dedicated
symptom diarists.

We found that altering the inclusion/exclusion criteriafrom the
PLM dataset did not lead to significant changesin the residual
model.

The fundamental variability we detected here represents a
critical factor in clinical decision making: knowing what sort
of variability to expect isimportant because it determines how
long to wait to detect a significant improvement in symptoms
following a change in treatment regime, for example. The
explicit information provided here could aso be used to build
improved progression models, for example, knowledge of the
distribution of theresiduals can be used to derive more accurate
statistical model-fitting algorithms.

It is difficult to speculate on the origins of such heterogeneity
in progression, but other studies haveidentified different clinical
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subtypes of PD [25]. It is possible that this might also be
reflected in different progression profiles. Future research using
this kind of high-frequency data might be able to identify
different progression subtypes.

Themain issue weidentified with existing clinical PD symptom
data is that it is an undersampling of the high-frequency data
we presented here[26]; that is, because the sampling frequency
isso low, it does not adequately represent the kind of symptom
fluctuationsthat most patients experience on timescal es shorter
than 3 months.

The existence of such nonconforming patients is of critical
importanceto trial designinwhichit istypically assumed, based
on current understanding of PD symptom progression, that
symptoms will change slowly over the duration of the trial.
However, thisis not always true (Figure 4a and b). Recruiting
patients into trials with the expectation that symptoms will
change slowly over that period may lead to questionabl e results,
including the failure of trial statistics to show clinically
significant outcomes, not as a consequence of the failure of the
treatment under test, but because of afailureto incorporate such
nonconforming progression into the statistical procedures used
to analyze the data.

We see this study as a prelude to the next logical step of
increasing the frequency of objective symptom measurement
even further. For example, we envisage these results being of
utility in the design of novel, noninvasive, objective symptom
severity quantification algorithms. Methods based on voice[27]
or accelerometry [28], particularly using smartphones, seem
promising because they offer the potential to track the
effectiveness of choicesin drug dosage and timing in real time.
These new methods will require high-frequency reference
symptom data for verification and current clinical reference
data, such as the PD-DOC database, are insufficiently detailed
for this purpose.

The ability to remotely self-administer tests for PD symptom
severity dataoffers considerable cost reductionsfor most clinical
applications by reducing the cost of clinical staff time and
transport for patients during routine checkups, and lowering the
costs of recruitment and tracking of patientsin clinical trials,
for example. Finally, there is the potential to use this kind of
high-frequency data to fit models that can be used for
prognostics to predict each patient’s future symptom severity.
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Abstract

Background: Sixty percent of Internet users report using the Internet to look for health information. Socia media sites are
emerging as a potential source for online health information. However, little is known about how people use social media for
such purposes.

Objectives: The purpose of this study was two-fold: (1) to establish the frequency of various types of online health-seeking
behaviors, and (2) to identify correlates of 2 health-related online activities, social networking sites (SNS) for health-related
activities and consulting online user-generated content for answers about health care providers, health facilities, or medical
treatment.

Methods: The study consisted of a telephone survey of 1745 adults who reported going online to look for health-related
information. Four subscales were created to measure use of online resources for (1) using SNS for health-related activities; (2)
consulting online rankings and reviews of doctors, hospitals or medical facilities, and drugs or medical treatments; (3) posting a
review online of doctors, hospitals or medical facilities, and drugs or medical treatments, and (4) posting acomment or question
about health or medical issues on various social media. Univariate and multivariate | ogistic regression analyses were performed.

Results: Respondents consulted online rankings or reviews (41.15%), used SNS for health (31.58%), posted reviews (9.91%),
and posted a comment, question, or information (15.19%). Respondents with a chronic disease were nearly twice as likely to
consult onlinerankings (oddsratio [OR] 2.09, 95% CI 1.66-2.63, P<.001). Lower odds of consulting online reviewswere associated
with lessformal education (OR 0.49, 95% CI 0.37-0.65, P<.001) and being male (OR 0.71, 95% CI 0.57-0.87, P<.001). Respondents
with higher incomes were 1.5 times as likely to consult online rankings or reviews (OR 1.49, 95% CI 0.10-2.24, P=.05), than
respondents with a regular provider (OR 2.05, 95% Cl 1.52-2.78, P<.001), or living in an urban/suburban location (OR 1.61,
95% Cl 1.17-2.22, P<.001). Older respondents werelesslikely to use SNSfor health-related activities (OR 0.96, 95% CI 0.95-0.97,
P<.001), aswere males (OR 0.70, 95% CI 0.56-0.87, P<.001), whereas respondents with aregular provider had nearly twice the
likelihood of using SNS for health-related activities (OR 1.89, 95% Cl 1.43-2.52, P<.001).

Conclusions: People are using social media for seeking health information. However, individuals are more likely to consume
information than they are to contribute to the dialog. The inherent value of “social” in social mediais not being captured with
online health information seeking. People with aregular health care provider, chronic disease, and those in younger age groups
are more likely to consult online rankings and reviews and use SNS for health-related activities.

(J Med Internet Res 2013;15(1):€21) doi:10.2196/jmir.2297
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Introduction

The Internet is becoming an increasingly common source of
health information. Approximately 60% of Internet usersreport
using the Internet to look for health information [1,2]. In
addition to seeking health information, Wen et al [3] found that
15% of Internet users also tracked personal health information
on the Internet. Determinants of seeking health information
onlineinclude education, gender, race, age, presence of children
in the home, having a poor personal health condition, and
geographic residence[1,4-7]. Similarly, predictors of using the
Internet to track personal health information include gender,
race, education, and having a health care provider [3].

Historically, online health seeking meant visiting an agency-
or organi zation-sponsored website. Recently, social mediasites
are emerging as a potential source of online health information
[8]. Social mediarefersto “activities, practices, and behaviors
among communities of people who gather online to share
information, knowledge, and opinions using conversational
media’ [9]. These social media are broadly categorized as
forums and message boards, review and opinion sites, socia
networks (eg, Facebook), blogging and microblogging (eg,
Twitter), bookmarking, and media sharing (eg, YouTube) [10].

Individual use of social media is steadily increasing. Nearly
two-thirds (65%) of adult Internet usersin the United Statesare
involved with a type of social media called social networking
sites (SNS), such as MySpace, Facebook, or Linkedin [11].
Technorati currently registers over 1.3 million blogs [12], 13
percent of Internet users (140 million people) have a Twitter
account [13,14], and Facebook has 955 million active users
[15]. By 2015, it is estimated that the number of individuals
and corporations who have social networking accounts will
reach over 3 billion [16].

Social media and SNS use varies by demographics. There are
statistically significant differencesin SNS use between younger
and older ages and between males and females [11]. However,
SNS are used fairly equally across education, income,
race/ethnicity, and rural and urban locations [11]. Chou and
colleagues [17] found that age and education were predictors
of 3formsof social mediause (ie, participating in online support
groups, blogging, and visiting a SNS).

In contrast to going online to seek health information, social
media technologies allow online social media users to create,
distribute, and shareinformation independent of an organization.
Thelevel of use and involvement with social mediatechnologies
varies by individual. Bernoff and Anderson [18] and Li and
Bernoff [19] classify individuals based on how they use social
media. These classifications, although not mutually exclusive,
include creators, conversationalists, critics, collectors, joiners,
or spectators. Similarly, Hoffman and Novak [20] identify 4
goals for socia media use: create, connect, consume, and
control. The main conclusion from both typologies is that the
range of social media activities that people engage in varies
from consuming to creating content.

Despite the near ubiquity of social media use and the high
prevalence of health information seeking on the Internet, there
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isadearth of literature about the characteristics of people who
use social mediafor seeking health information and how these
people engage with social media. Thus, additional research is
needed to determine whether social media users are primarily
spectators, or if they are creators or critics. That is, are they
looking for information or are they becoming part of the
information creation and sharing process? Knowing the
correlates of social media use for health information can allow
health professionals to more accurately segment populations
and tailor interventions accordingly. Therefore, the aim of this
research was two-fold. First, to establish the frequency of
various forms (eg, spectators, creators, or critics) of online
health-seeking behaviors. Second, thisresearch seeksto identify
correlates of 2 health-related online activities: (1) using SNS
for health-related activities, and (2) consulting online
user-generated content for answers about health care providers,
health facilities, or medical treatment.

Methods

Data Source and Sample

The data for this study were taken from the 2010 Health
Tracking Survey conducted by Princeton Survey Research on
behalf of the Pew Internet & American Life Project [21]. The
data were collected during August to September 2010 through
atelephone survey that included both cell phonesand landlines.
A random digit method was used to select participants who
were US residents, aged 18 years and older, and who spoke
English (n=3001). Data were weighted to the most recent US
Census Bureau’s Current Popul ation Survey. Datawere stripped
of identifying information and made available to the public. For
the current study, inclusion criteria were adults who used the
Internet at least occasionaly (Pew question Q6a) and who
reported going online to look for health-related information
(Pew question healthseek). The final sample size was 1745.

M easures

Demographic, Socioeconomic, and Health Status

Demographic, socioeconomic, and health status covariates
included ethnicity, education, income, gender, age, race, marital
status, having achronic health condition, geographic community
type, health insurance status, and having a family doctor or
health care professional . Response categoriesfor race, education,
and marital statuswere collapsed to account for small cell sizes.

To measure an individual’s level of social media health
engagement, we created 4 subscales based on related survey
items. Each of the response variables were dichotomous and
coded as yes or no. We calculated Cronbach alphato estimate
internal reliability for each scale.

Used Social Networking Sites for Health-Related
Activities

The 5 questions that focused on using SNS for health-related
activitiesincluded (1) get health information, (2) start or join a
health-related group, (3) follow your friend’s persona health
experiencesor health updates, (4) raise money or draw attention
to a health-related issue or cause, and (5) remember or
memorialize otherswho suffered from acertain health condition
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(Pew questions Q26a-€). The composite scale had an internal
reliability of Cronbach alpha=.66

Consulted Online Rankings or Reviews

Three questions focused on consulting online rankings or
reviews of (1) doctors or other providers, (2) hospitals or other
medical facilities, and (3) particular drugs or medical treatments
(Pew questions Q29a-c; Cronbach alpha=.69).

Posted a Review Online

Three questions focused on whether respondents had posted a
review online of (1) a doctor, (2) a hospital, or (3) his’her
experiences with a particular drug or medical treatment (Pew
guestions Q29d-f; Cronbach alpha=.61)

Posted a Comment or Question on Social Media

Five questions asked if respondents had posted comments,
questions, or information about health or medical issues on
various social media. These included (1) an online discussion,
alistserv, or other online group forum, (2) a blog, (3) a social
networking site, such as Facebook, MySpace, or LinkedIn, (4)
Twitter or another status update site, and (5) a website of any
kind, such as a hedlth site or news site that alows comments
and discussion (Pew questions Q25a-€; Cronbach a pha=.80)

Data Analysis

Unadjusted univariate analyses of demographics, socioeconomic,
and health status variables with each social media—health
engagement scale were computed. Variables that were
significantly associated with the dependent variable were
included inamultivariate regression model. Multivariatelogistic
regression analysis was performed with social media health
engagement as the dependent variable and the demographics,
socioeconomic, and health status variables as covariates. All
analyseswere conducted using IBM SPSS Statistics version 20
(IBM Corp, Armonk, NY, USA).

Results

Demogr aphic Characteristics

More than half of the study sample was female (56.16%,
980/1745) and white (79.20%, 1382/1745) (see Table 1). College
graduates comprised 39.43% (689/1745) of the sample, 29.46%
(514/1745) reported a household income between US $75,000
and $150,000, and 86.88% (1516/1745) reported having health
insurance. Respondents reported consulting online rankings or
reviews (41.15%, 718/1745) and using SNSfor health (31.58%,
551/1745) morethan they reported contributing content through
posting reviews of doctors, hospitals, drugs, or medical
treatments (9.91%, 173/1745), or posting acomment, question,
or information about health or medical issues on ablog, SNS,
Twitter, website, or online discussion or forum (15.19%,
265/1745).

Correlates of Social M edia Health Engagement and
Regression Analyses

Regression analysesrevealed few correlatesfor posting reviews
of adoctor, hospital, drug, or medical treatment (chronic disease,
income, age, health insurance) and for posting a comment,
guestion, or information on various social media sites (chronic
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disease, age, marital status). Therefore, the further analysisand
data presented here are limited to using SNS for health and
consulting online rankings or reviews.

An examination of correlates of consulting online rankings or
reviewsidentifies several factorsthat are associated with higher
use of online rankings and reviews (see Table 2). For example,
approximately half (49.27%, 339/688) of those with a college
degreereported using online rankings or reviews compared with
40.71% (204/501) of those with some college and 31.50%
(172/546) of those with ahigh school education or less. Factors
associated with use of SNSfor health included income, gender,
age, marital status, and having a persona or family doctor or
health care provider.

Unadjusted Regression Analysesfor Consulting Online
Rankings

Unadjusted regression analyses revealed numerous factors
associated with consulting online rankings or reviews of doctors,
hospitals, drugs, or medical treatments (see Table 3). Having a
chronic disease, reporting a higher annual income, living in an
urban/suburban location, reporting health insurance coverage,
and having a regular health care provider were each
independently associated with increased odds of consulting
online rankings. Decreased odds were observed among ol der
respondents, those who were unmarried, those with lower levels
of education, maes, and those who were black/African
American.

Unadjusted Regression Analysesfor Using Social
Networ king Sitesfor Health

Table 4 presentsthe results of the unadjusted regression analyses
for using SNS for health-related activities, such as getting
information, joining a group, following friends health
experiences, raising money, increasing awareness, or
remembering or memorializing others. Older respondents and
males were each less likely to engage in such behaviors.
Respondents who reported being unmarried or having aregular
health care provider were more likely to use SNS for
health-related purposes.

Adjusted Regression Analysesfor Consulting Online
Rankings

Results from adjusted regression analyses (see Table 3) revealed
that respondents with a chronic disease were nearly twice as
likely to consult online rankings as respondents who were free
of chronic disease (OR 2.09, 95% CI 1.66-2.63, P<.001). For
levels of education, high school or less (OR 0.49, 95% ClI
0.37-0.66, P<.001) and some college (OR 0.70, 95% CI
0.54-0.91, P=.01) were each associated with lower odds of
consulting online rankings than respondents who had at least
obtained a college degree. With respect to income, respondents
who reported an annual income of US $75,000 to $150,000
were 1.5 times as likely to consult online rankings (OR 1.49,
95% ClI 0.10-2.24, P=.05) compared to those making less than
US $20,000. Males were less likely than females (OR 0.71,
95% CI 0.57-0.87, P<.001), whereas respondents who have a
regular provider were more than 2 times more likely to consult
online rankings (OR 2.05, 95% CI 1.52-2.78, P<.001). Living
in an urban/suburban location was associated with a 60%
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increased chance of consulting rankings (OR 1.61, 95% ClI
1.17-2.22, P<.001). In the adjusted model, marital status, race,
and insurance coverage were not significantly associated with
consulting online rankings. Likewise, the influence of having
ahealth care provider and income was attenuated.

Adjusted Regression Analysesfor Using Social
Networking Sitesfor Health

Adjusted odds ratios for using SNS for health-related purposes
are presented in Table 4. As respondents’ ages increased, their
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likelihood for using such sites decreased (OR 0.96, 95% ClI
0.95-0.97, P<.001). With respect to gender, males had lower
odds than females (OR 0.70, 95% Cl 0.56-0.87, P<.001).
Compared to respondents without aregular health care provider,
respondents with a regular provider had nearly twice the
likelihood of using SNS for health-related activities (OR 1.89,
95% Cl 1.43-2.52, P<.001), a greater influence than in the
unadjusted model. Marital statuswas not significantly associated
with using SNSfor health-related activities.
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Table 1. Sample characteristics (N=1745).

Characteristic n (%)
Gender
Mae 765 (43.84)
Female 980 (56.16)
Education
Less than high school or high school graduate 546 (31.29)
Some college 501 (28.71)
College graduate or more 688 (39.43)
Answer not give 10(0.57)
Income (US$)
<$20,000 228 (13.07)
$20,000 to <$40,000 347 (19.88)
$40,000 to <$75,000 429 (24.58)
$75,000 to <$150,000 514 (29.46)
Don’t know or refused 227 (13.01)
Race
White 1382 (79.20)
Black/African American 195 (11.17)
All other races 136 (7.79)
Answer not given 32(1.83)
Marital status
Married or living with a partner 1060 (60.74)
All other marital status 676 (38.74)
Answer not given 9(0.52)

Geogr aphic community type

Rural 228 (13.07)
Urban/suburban 1451 (83.15)
Answer not given 66 (3.78)

Has a chronic health condition

Yes 699 (40.06)

No 1046 (59.94)
Hasaregular health care provider

Yes 1398 (80.11)

No 343 (19.66)

Answer not given 4(0.23)

Health insurance

Yes 1516 (86.88)

No 229 (13.12)
Hispanic ethnicity

Yes 182 (10.43)

No 1552 (88.94)

Answer not given 11 (0.63)

Post health-related commentsor questionson 5 social media
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Characteristic n (%)
Yes 265 (15.19)
No 1480 (84.81)
Use social networking sites for health-related information
Yes 551 (31.58)
No 1194 (68.42)
Consulted onlinerankings or reviews of doctors, hospitals, drugs, or medical treatment
Yes 718 (41.15)
No 1027 (58.85)
Posted a review of doctors, hospitals, drugs, or medical treatment
Yes 173 (9.92)
No 1572 (90.09)

8The 5 social media are online discussion, listserv or other online group forum, ablog, a social networking site, Twitter or another status update site,
and awebsite of any kind.
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Table 2. Correlates of consulting online rankings or reviews (n=718) and use of social networking sites for health (n=551).

Thackeray et al

Total sample®  Consulted onlinerankingsor ~ Use social networking sites for

Sociodemographic and health characteristics (N=1745) reviews health

n (%) P n (%) P

Ethnicity .20 .26
Hispanic/Latino 183 67 (36.61) 51 (27.87)
Non-Hispanic/Latino 1552 644 (41.49) 499 (32.15)

Education <.001 21
Lessthan high school diplomaor ahigh school gradu- 546 172 (31.50) 160 (29.30)
ate
Some college 501 204 (40.71) 156 (31.14)

College degree or more 689 339 (49.37) 234 (33.96)

Chronic health condition <.001 A3
Yes 699 347 (49.64) 206 (29.47)

No 1046 371 (35.47) 345 (32.95)

Income (US$) <.001 .03
<$20,000 228 76 (33.33) 65 (28.51)
$20,000 to <$40,000 347 131 (37.75) 119 (34.29)
$40,000 to <$75,000 429 167 (38.93) 149 (34.73)
$75,000 to <$150,000 514 255 (49.61) 165 (32.10)

Don't know/refused 227 88(38.77) 54 (23.79)

Gender .001 .001
Male 765 280 (36.60) 215 (28.10)

Female 979 437 (44.64) 335 (34.22)

Age <.001 <.001

Geographic community type .001 .09
Rural 229 75 (32.75) 61 (26.64)
Urban/suburban 1451 616 (42.45) 468 (32.25)

Health insurance .04 .64
Yes 1516 654 (43.14) 475 (31.33)

No 229 64 (27.95) 75 (32.75)

Race .04 .52
White 1382 588 (42.55) 444 (32.13)
Black/African American 195 68 (34.87) 63 (32.31)

All other races 136 47 (34.56) 37 (27.21)

Marital status .001 <.001
Married or living with a partner 1060 468 (44.15) 284 (26.79)

All other marital status 676 244 (36.09) 264 (39.05)

Personal or family doctor or health care professional <.001 .047
Yes 1398 632 (45.21) 457 (32.69)

No 343 83(24.20) 93 (27.11)

@Total n may not equal 1745 due to missing values and rounding of weighted data.
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Table 3. Consulted online rankings or reviews of doctors, hospitals, drugs, or medical treatments.

Thackeray et al

Sociodemographic and health characteristics Unadjusted regression Adjusted regression
Oddsratio (SE) ~ 95%Cl P Oddsratio (SE) ~ 95% Cl P

Chronic disease

Does not have a chronic disease 1.0 1.0

Has a chronic disease 1.79 (0.10) 1.48-2.18 <.001  2.09(0.10) 1.66-2.63 <.001
Age 0.96 (0.00) <001  0.99 (0.00) 0.98-0.10 01
Marital status

Married 1.0 1.0

All other marital status 0.72 (0.10) 0.59-0.87 <001  0.87(0.13) 0.68-1.10 .26
Education

Less than high school graduate or high school 0.48 (0.12) 0.38-0.60 <.001 049(0.14) 0.37-0.65 <.001

graduate

Some college 0.71(0.012) 0.56-0.89 <001 0.70(0.13) 0.54-0.91 .01

College degree or higher 10 10
Income (US$)

<$20,000 10 10

$20,000 to <$40,000 1.21(0.18) 0.85-1.72 0.28 1.20 (0.20) 0.82-1.79 .15

$40,000 to <$75,000 1.28 (0.17) 0.91-1.79 15 1.07 (0.20) 0.73-1.58 72

$75,000 to <$150,000 1.98(0.17) 143273 <001  1.49(0.21) 0.10-2.24 05

Don't know/refused 1.27 (0.20) 0.87-1.87 21 1.09 (0.23) 0.70-1.71 .70
Gender

Female 1.0 1.0

Male 0.72 (0.10) 059-087 <001 0.71(0.11) 0.57-0.87 <.001
Geographic location

Urban/suburban 1.59 (0.15) 113204 .01 1.61 (0.16) 1.17-2.22 <.001

Rural 1.0 1.0
Race

White 10 10

Black/African American 0.72 0.52-0.98 .04 0.79 (0.18) 0.55-1.12 19

All other races 0.70 0.49-1.02 .06 0.69 (0.21) 0.46-1.03 .075
I nsurance cover age

Does not have health insurance 1.0 1.0

Has health insurance 1.95(0.16) 1.44-2.65 <001 1.16(0.18) 0.81-1.65 41
Regular health care provider

Does not have aregular health care provider 1.0 1.0

Has aregular health care provider 2.59 (0.14) 1.98-3.39 <.001 2.05(0.15) 152-2.78 <.001
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Table 4. Used socia networking sites for health-related activities, such as getting information, joining a group, following friends' health experiences,
raising money, increasing awareness, and remembering or memorializing others.

Sociodemographic and health characteristics Unadjusted Adjusted
Oddsratio (SE)  95% Cl P Oddsratio (SE)  95% Cl P

Age 0.96 (0.00) 0.96-0.97 <001  0.96(0.00) 0.95-0.97 <.001
Marital status

Married 10 10

All other marital statuses 1.45 (0.11) 1.42-2.15 <001 1.18(0.12) 0.94-1.49 16
Gender

Female 1.0 1.0

Male 0.75 (0.11) 0.61-0.93 01 0.70 (0.11) 0.56-0.87 <.001
Regular health care provider

Doesnot havearegular health care provider 1.0 1.0

Has aregular health care provider 1.31(0.13) 1.00-1.70 .048 1.89(0.15) 1.43-2.52 <.001

Discussion

This study examined the frequency of engaging in content
creation through posting on social media sites, consumption of
onlinerankings and reviews, and use of SNSfor health-related
activities. In addition, correlatesfor engaging in those behaviors
were examined. The rate of online health information seeking
behavior was similar to what has been reported previously [1,2].
Results show that athough social media technologies allow
people the opportunity to participate in the creation of online
information, thisis not very common; less than 15% of people
reported doing so. In contrast, peopleare morelikely to consume
content with 30% to 40% of respondents reporting use of SNS
for health-related activities and use of onlinerankingsor review
of doctors, hospitals, and medical treatments.

The lack of creating and contributing content is an intriguing
finding. The value of sociad media is in the sharing of
information within social networks. The rate of contributing
opinions and experiences on other social media venues, such
as product reviews or rankings sites (eg, Amazon or
TripAdvisor), is similar to what we found in the current study
[22]. People are not contributors. One explanation might be
related to the fact that the frequency of encounterswith doctors,
hospitals, or medical treatments is less often, so there may be
less motivation to share experiences. It could also be due to
users feelings of incompetence relating to health topics,
preferring to leave such discussions to trained professionals.
Overadl, there is a need for more research to understand the
motivations and perceived benefits of contributing to
health-related online forums, discussion boards, rating sites,
and other social media venues.

Use of SNS for health was more common among females and
younger people. These findings are not surprising given that
this same group is more likely to use SNS in general [11].
Although growing in popularity among older populations, SNS
useis still more common among people younger than 50 years
of age, and particularly among the 18-29 year age group [11],
which is consistent with our findings that younger audiences
are more likely to use SNS for health-related activities.

http://www.jmir.org/2013/1/e21/

People with chronic disease were twice as likely to consult
online rankings or reviews. Previous research has shown that
people in poorer health are more likely to seek health
information online [6,23], hence consulting online data about
doctors, hospitals, and medical treatmentsis probably reflective
of the need for information to manage their condition. In
addition, people who more frequently use health care services
may be more invested in their health and, therefore, seek high
quality experiences. Additionaly, individuals with a chronic
disease may also have greater medical knowledge about their
condition and may feel more competent sharing that knowledge
in asocia mediavenue. It may be that use of social mediafor
health is most applicable for specific segments of the population,
such as those people who are trying to manage a chronic health
condition.

Higher income was also associated with increased likelihood
of consulting online rankings and reviews. This is similar to
research that found health information seeking was also more
common among higher income groups [24]. This may be
because people with higher income use the I nternet more often
[25]. Alternatively, more health care options may be available
to those with higher income than to those with lower income
because of health insurance coverage, so they are able to
discriminate among their choices in providers and treatment.

Regression models showed that having a regular health care
provider is the only significant variable associated with both
consulting online rankings and reviews and for using SNS for
health-related activities. Thisis consistent with previousresearch
that found that having a health care provider is associated with
tracking personal health information on the Internet [26]. It
might also be an artifact of higher income; individuals with a
regular health care provider may aso be wedlthier. But the
findings are inconsistent with Chou et a [17] who found that
having a health care provider was not associated with social
media use for health-related purposes, primarily due to age.

Variables that are traditionally associated with online
health-seeking behavior, including race, geography, health
insurance coverage, marital status, and education were not
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significant in terms of consulting online rankings for reviews
or using SNSfor health, both atype of health-seeking behavior.
Thus, using social media for health seeking may be less
influenced by common sociodemographic variables and may
be better explained by other factors. For example, research on
social network use has shown that personality traits, such as
extroversion and neuroticism, are associated with social media
use and sharing of information [27,28].

Limitations

The data should be interpreted with caution considering the
following data limitations. The internal consistency for the
scales use to measure social mediause ranged from .609 to .798.
Although these are acceptabl e val ues according to conventional
research standards, the individual items may not accurately
capture the array of health behaviors one may engage in while
using socia media. For instance, people may be posting reviews
online about other health-rel ated experiencesthan the 3 assessed
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by this survey. Adding more variables would increase the
internal consistency. These variables would have to be added
to the Pew survey and may include items such as posting or
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personal progress toward health-related goals, or to receive
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Conclusions

People are using social media for seeking health information.
However, individuals are more likely to consume information
than they are to contribute to the dialog. The inherent value of
“social” in socia mediaisnot being captured with online health
information seeking. Peoplewith aregular health care provider,
chronic disease, and thosein younger age groupsare more likely
to consult online rankings and reviews and use SNS for
health-related activities.
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Abstract

Background: The Internet’s potential impact on suicide is of major public health interest as easy online access to pro-suicide
information or specific suicide methods may increase suicide risk among vulnerable Internet users. Little is known, however,
about users' actual searching and browsing behaviors of online suicide-related information.

Objective: To investigate what webpages people actually clicked on after searching with suicide-related queries on a search
engine and to examine what queries people used to get access to pro-suicide websites.

Methods: A retrospective observational study was done. We used a web search dataset released by America Online (AOL).
The dataset was randomly sampled from all AOL subscribers' web queries between March and May 2006 and generated by
657,000 service subscribers.

Results:  We found 5526 search queries (0.026%, 5526/21,000,000) that included the keyword "suicide". The 5526 search
gueries included 1586 different search terms and were generated by 1625 unique subscribers (0.25%, 1625/657,000). Of these
queries, 61.38% (3392/5526) were followed by users clicking on asearch result. Of these 3392 queries, 1344 (39.62%) webpages
wereclicked on by 930 unique usersbut only 1314 of those webpages were accessible during the study period. Each clicked-through
webpage was classified into 11 categories. The categories of the most visited webpages were: entertainment (30.13%; 396/1314),
scientific information (18.31%; 240/1314), and community resources (14.53%; 191/1314). Among the 1314 accessed webpages,
we could identify only two pro-suicide websites. We found that the search terms used to access these sites included “ commiting
suicide with a gas oven”, “hairless goat”, “pictures of murder by strangulation”, and “photo of a severe burn”. A limitation of
our study isthat the database may be dated and confined to mainly English webpages.

Conclusions. Searching or browsing suicide-related or pro-suicide webpages was uncommon, although a small group of users
did access websites that contain detailed suicide method information.

(J Med I nternet Res 2013;15(1):€3) doi:10.2196/jmir.2181
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Internet search; Pagerank; Suicide information; Information seeking; Search behavior; Information retrieval
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Introduction

Internet usage is growing exponentially with one third of the
world population having Internet access as of 2011, of which
45% were users below the age of 25. The number of Internet
users from developing countries has increased from 44% in
2006 to 62% in 2011 [1]. The proliferation and reach of the
Internet and its impact on suicide and self-harm behaviors has
recently come to the attention of the general public, especially
to parents of children and young individuals, suicide prevention
professionals, and governments [2]. There is little evidence,
however, to either support or refute the notion that the use of
the Internet isintrinsically damaging [3].

Infodemiology is a new area of research described as “the
science of distribution and determinants of information in an
electronic medium,” [4] specifically, the Internet, to inform
public health and policy [5]. Recent applications of this
methodology include “infoveillance” the tracking and
surveillance of online data for the purpose of predicting
influenza outbreaks [6] and the online spread of smoking
cessation awareness [ 7], as well as investigating public search
trends in preventing avian flu [8]. The real-time nature of this
methodology means that results are timely and may have
significant impact in guiding policy making.

In the area of suicide prevention, Dobson [9] has estimated that
more than 100,000 suicide-related websites were available on
the Internet but due to many search engines conservative
policies regarding the exposure or sharing of corporate data,
there are no reliable data on the prevalence of websites with
suicide-related content [10]. The major concerns about the
potential role of Internet on suicidal behavior are: 1) the Internet
asamajor source of readily accessible information on suicide
methods and suicidal communication, 2) access to
suicide-related information and discussionsonline by vulnerable,
impressionable individuals (eg, the distressed, stressed, and
depressed) [11], and young people [12,13] contributes to the
increased risk of suicide attempts and completion for them as
waysto solve problems or to regul ate negative emotions [14,15],
and 3) the Internet as an efficient and communal medium for
people to meet and arrange suicide pacts [16-18]. Due to the
interactive nature of the Internet, Becker and Schmidt [19]
argued that the Internet might have even moreimpact on copycat
suicides than print media, eg, the Sorrows of Young Werther.
This is the influential book from which the term “Werther
effect” arose, which describes the effect of awidely publicized
suicide causing emulated suicides.

Search engines on the Internet are often assumed to be an
efficient, if not the preferred, gateway for access to
suicide-related information [2,20]. A handful of
infodemiological studies have been conducted to examine the
types of information suicidal individuals might find on the
Internet through search engines [15,21-23]. A similar
“supply-based” research methodology [4] was adopted in these
studieswhere various self-chosen suicide-related keywords (eg,
“suicide”, “suicide methods’, “ways to commit suicide”, or
“how to kill yourself”) were entered into several popular search
engines, ie, Google, Yahoo!, and the search results were
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classified into pro-suicide, anti-suicide, or neutral websites.
Around 11%, 25%, and 5% of the search result websites were
categorized as pro-suicide in the United States, the United
Kingdom, and China, respectively [21-23]. Based on these
findings, the researchers advocated anumber of potential suicide
prevention initiatives: 1) Internet service providers and website
hosting companies should do more to remove pro-suicide
websites [23], 2) Internet service providers may consider
strategies to increase the likelihood that vulnerable individuals
access hel pful rather than potentially harmful websitesin times
of crisis [21], and 3) enhance access to anti-suicide websites
[20] in order to minimize the risks and maximize the benefits
of the effects that search engines may have on suicide and
suicide prevention. Indeed, a number of national-level policies
or initiatives have been implemented in Australia (ie, making
the promotion of suicide on the Internet illegal), and in Japan
and Korea (ie, specific pro-suicide websites blocked by Internet
service providers) [21].

Although prior research has shown that pro-suicideinformation
on methods of suicide are easily accessible through search
engines, thefindingsinvited the criticism that the keywords and
phrases used were pre-sel ected by researchers and thus had poor
generalizability since the studies were not grounded in the
naturalistic search behavior of non-researchers, web-savvy, or
suicidal people [24]. Anecdotal evidence has been reported in
the literature showing that people who have engaged in
attempted suicides had searched for specific ways of committing
suicidethrough the Internet, eg, [25]. Thereisno empirical data,
however, on the general public’s actual web searching behavior
for suicide-related information through search engines. This
information is needed to generate empirically informed suicide
research and prevention strategies on the Internet. The current
infodemiological study aims to address this research gap by
using a demand-based method [4] investigating the actual
searching behavior for suicide-related information on search
engines using a publicly accessible dataset released by the
AmericaOnline (AOL). We examined the search queries people
used to access pro-suicide websites through AOL’s search
engine. Two research questions regarding suicide and the
Internet were examined: 1) What websites do people access to
when they search using queries containing “suicide”?, and 2)
What search queries (both suicide and non-suicide included)
do people use that result in access to pro-suicide websites?

Methods

Design

A web search dataset released by the AOL ispublicly accessible
for data analysis (see similar research in [26]). This dataset is
currently the largest publicly accessible search query log onthe
Internet and represented approximately 1.5% of the total number
of search queries conducted through the AOL search engine,
which had a 6.7% share of the overall search market in 2006
[27]. The dataset was a random sampling from al AOL
subscribers' search queries between March and May 2006 and
consisted of roughly 21 million instances of such queries,
collected from roughly 657,000 AOL subscribers[28].

JMed Internet Res 2013 | val. 15 | iss. 1 [e3 | p.195
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Each entry contained an anonymous service subscriber identity
code (ID), time of submission, the rank position, and domain
of the clicked-through webpage. A single search query
representsoneindividua click onthe*search” button asinitiated
by a user, regardless of whether the user clicked on any of the
webpages in the results page(s). A unique set of one or more
keywords used in asearch query constitutes the search term(s).
A click-through is where a webpage in the returned search
results was accessed by an individual click following a single
instance of a search query and consequently that webpage is
referred to as a clicked-through webpage. The number of
click-throughs can a'so be referred to as traffic.

In response to concerns about privacy, additional measureswere
taken to replace all possible personal identifiable information
from the dataset before undertaking analysis. Each unique
subscriber was assigned arandom identifier number. The Human
Research Ethics Committee for Nonclinical Faculties of the
University of Hong Kong approved the ethical aspect of the
study protocol.

Data Coding

To address our first research question, any search query
containing the keyword suicide in the search term(s) was
retrieved from the dataset, and the contents of all
clicked-through webpages following these search querieswere
then content analyzed to derive categories for analysis.
Researchers PW and RY independently categorized all of the
identified webpages, and each created an initial coding frame.
The two coding frames were then compared and refined to
develop a consensus coding frame. All of the clicked-through
webpages were subsequently individually re-categorized by
researchers PW and RY to form the final coding frame. Using
the final coding frame, coding disagreements between PW and
RY that could not be resolved were referred to the third
researcher KWF, who analyzed those blinded to the codes
assigned by researchers PW and RY. In most cases, this
approach resolved the disagreements but when a decision still
could not be made, researchers PW, RY, and KWF jointly
visited the clicked-through webpage and discussed therationale
for their coding until agreement was reached.

To address our second research question, web domains from
the webpages in the above 11 categories that appeared to
encourage suicide or promote the individua right of dying by
suicide regardless of medical grounds [23] were identified and
content analyzed, and all the search terms used to access these
pro-suicide web domains, including ones that did not contain
the keyword suicide and additionally the ones found through
the first stage of data coding, were identified and examined.

Results

Categories of Search Results

We found 5526 search queries (0.026%, 5526/21,000,000) that
included the keyword suicide. The 5526 search queries were
generated by 1586 unique search terms and 1625 unique users
(0.25%, 1625/657,000). The three most frequently used search
termswere“ suicide” (9.79%, 541/5526), “suicide girls’ (5.34%,
295/5526), and “how to commit suicide” (2.17%, 120/5526).
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Of the 5526 search queries, 3392 (61.38% of 5526) clicked
through to a resulting webpage.

Of 3392 search queries with a click-through, 1344 unique
webpages were clicked through by 930 unique users using 908
unique search terms. Of the 1344 webpages, 30 webpageswere
found to be inaccessible during the study period (October to
November 2011) and returned error messages such as “page
could not be found”, “forbidden access’, or “unable to display
page” resulting in 1314 accessible clicked-through webpages.
Thethree most frequently used search termswere also “ suicide”
(7.61%, 257/3392), “ suicidegirls’ (4.95%, 168/3392), and “ how
to commit suicide” (2.74%, 93/3392).

Each clicked-through webpage was classified into 11 categories:

1. Entertainment (eg, writing, pictures, music about suicide):
Webpages of original writing, pictures, music, or other
content that may contain the keyword “suicide” for the
purpose of amusement but not necessarily related to the
conscious act of killing oneself.

2. Scientific Information: Webpages containing general
educational materials, suicide statistics, and research studies.

3. Community Resources: Peer support or non-governmental
organization webpages related to suicide prevention.

4. Specific Case/Incident: Webpages related to specific cases
of highly publicized suicides.

5. Specific Means. Webpages that explicitly provide details
on the methods of suicide, except drug overdose (see
below).

6. Overdose and Suicide: There was a noticeable number of
webpages that specifically addressed drug overdose or
drug-related suicide information, and hence, a separate
category from the Specific Means category was created.

7. Religion and Suicide: Webpages with information on
suicide from areligious perspective.

8. Physician-Assisted Suicide: Webpages that contained
information on euthanasia and physician-assisted suicide.

9. Discussion Forum: Any webpages with an interface
primarily for discussion between users.

10. Families and Friends of Suicide/Attempt: Webpages with
information about funeral arrangements and resources for
family/friends of suicides.

11. Afterlife: Webpages with information and opinions related
to “life after death” from suicide as well as life after
surviving a suicide attempt. This category was singled out
fromthe“religion and suicide” category because usersused
search termsthat specifically included “ afterlife”, and these
searches may or may not involve religiosity issues.

Among the 1314 webpages, the proportions of the webpage
categories are as follows: entertainment (writings, pictures,
musi ¢ about suicide) (30.14%, 396/1314), scientificinformation
(18.26%, 240/1314), community resources (14.54%, 191/1314),
specific caselincident (11.04%, 145/1314), specific means
(10.65%, 140/1314), overdose and suicide (4.72%, 62/1314),
religion and suicide (4.11%, 54/1314), physician-assisted suicide
(2.51%, 33/1314), discussion forum (2.28%, 30/1314), families
and friends of suicide/attempt (1.60%, 21/1314), and afterlife
(0.91%, 12/1314).

JMed Internet Res 2013 | val. 15 | iss. 1 [e3 | p.196
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

From the search queries, 78.01% of thetraffic (2646/3392) went
to awebpage link belonging to first page of the search results,
9.17% (311/3392) of the traffic went to the second page of
search results, and 10.23% (347/3392) went to the third to fifth
page of search results, while only 2.59% (88/3392) trickled to
the sixth page or onwards in the search results. These results
are generally consistent with current search engine data where
linksthat are higher in the search engine results page, especially
on the first page of the search results, tend to get majority of
the traffic [29,30].
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Clicked-Through Webpages and Search Terms
Containing the Keyword “ Suicide”

Table 1 shows the three most commonly used search terms for
each webpage category, their usage frequencies, and the number
of unique users for each search term. For webpages in the
entertainment category, for example, the most commonly used
search term that resulted in a click-through to a webpage was
“suicide girls’, which was used 247 times (number of queries
= 247) by 23 unique users.
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Table 1. Top three search terms and their search frequenciesin each category.

Category Search term Frequency Nc_). of
unique
users

1) Entertainment (eg, writings, pictures, and  suicide girls 247 23

music about suicide)

suicidegirls 90 11
suicidegirls.com 46 8
virgin suicides 46 2
2) Scientific information suicide 69 49
free essays on adolescent depression and suicide risks 28 1
adolescent depression and suicide risks 25 1
3) Community resources suicide 130 89
suicide help 29 12
suicide prevention 16 12
teen suicide 16 11
4) Specific casefincident famous suicide 1970 richard cunningham 28 1
vachel lindsay suicide 16 1
christopher lee anderson suicide 15 1
5) Specific means how to commit suicide 70 21
ways to commit suicide 36 8
suicide 24 18
6) Overdose and suicide how to commit suicide 17 13
cymbalta and suicide 14 1
suicide by overdose of kadian 8 1
suicide by overdosing 8 1
7) Religion and suicide how to commit suicide 13 10
sermons preach for person who committed suicide 13 1
suicide in the bible 11 3
8) Physician-assisted suicide assisted suicide 46 19
physician assisted suicide 13 8
should america allow suicide euthanasia 8 1
9) Discussion forum how to commit suicide 11 10
Xxsuicide's xanga site 10 1
suicideroadmap - myspace blog 9 8
10) Families and friends of suicide/attempt  suicide memorials 17 1
survivors of suicide 8 3
suicidememorialwall.com 4 1
11) Afterlife suicide and the after life 9 1
survivors of suicide 5
after life suicide 4 1

When suicide was used asasingle keyword search term (number
of search queries = 256; 19.48%; 256/1314), users mostly
clicked through to webpages that belong to the “community
resources’ (130 search queries), “scientific information” (69
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search queries), and “specific means’ categories (24 search
queries). In contrast, when the search term “how to commit
suicide” was used, the users most commonly clicked through
to webpages in the “specific means’ (70 queries), “overdose
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and suicide” (17 queries), and “religion and suicide” categories
(13 queries).

The search terms most commonly used to access webpagesin
the “entertainment” category included the keywords in the
names of a specific adult website and a novel cum movie. The
“specific case/incident” category top search termsinvolved the
keywordsin the names of two famousindividual sand ateenager
who died from suicide; of note, each of these three search
queries were contributed by one single user. Webpages in the
“gpecific means’ category weremost commonly clicked through
when users used the search terms “how to commit suicide”,
“ways to commit suicide”, and “suicide”.

Table 2 shows the top three most clicked webpages of each
category. Thewebpageswith more than 40 click-throughsduring

Figure 1. Suicide page on Wikipedia

Wong et d
the data collection period included
“http://www.suicidegirls.com” (entertainment),

“http://suicidegirls.com” (entertainment), “ http://metanoia.org”
(community resource), “ http://www.satanservice.org” (specific
means), and “ http://www.cdc.gov” (scientific information). In
the entertainment category, the two most clicked webpages led
to the same web domain, which was an adult website. Wikipedia,
an online information resource (Figure 1), followed by an
automobile parts branded e-store
(“ http://www.suicidedoors.com”) were a so in the most clicked
webpages for the entertainment category. For the specific
case/incident category, Wikipedia came up on top again with
the most click-throughs, in addition to a news webpage and a
social networking webpage.
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Table 2. Top three most clicked-through webpages of each category, their click-through frequencies, and the number of unique users.

Category Webpage Frequency No. of unique
users
1) Entertainment (writings, pictures, music, about suicide) http://www.suicidegirls.com 153 76
http://suicidegirls.com 78 59
http://en.wikipedia.org 21 18
http://www.suicidedoors.com 21 16
2) Scientific information http://www.cdc.gov 43 35
http://www.psycom.net 25 23
http://www.ncbi.nim.nih.gov 15 13
3) Community resources http://www.metanoia.org 86 81
http://kidshealth.org 20 17
http://www.af sp.org 16 14
http://www.focusas.com 16 10
4) Specific casef/incident http://en.wikipedia.org 18 13
http://news.bbc.co.uk 7 5
http://profile.myspace.com 7 6
5) Specific means http://www.satanservice.org 49 39
http://www.mouchette.org 21 18
http://extremeriver.org 14 13
6) Overdose and suicide http://www.alb2c3.com 31 23
http://www.ncbi.nim.nih.gov 7 5
http://www.everything2.com 5 5
7) Religion and suicide http://www.religioustolerance.org 16 13
http://www.believers.org 13 11
http://en.wikipedia.org 7 5
8) Physician-assisted suicide http://www.assi stedsuicide.org 13 11
http://www.religioustolerance.org 10 9
http://www.amsa.org 5 5
http://www.euthanasia.com 5 5
9) Discussion forum http://www.xanga.com 14 2
http://www.zenhex.com 13 12
http://lifeflame.6.forumer.com 5 5
10) Families and friends of suicide/attempt http://www.suicidememorialwall.com 9 4
http://www.survivorsof suicide.com 7 6
http://www.parentsof suicide.com 5 4
11) Afterlife http://www.near-death.com 5 3
http://samvak.tripod.com 3 1
http://www.survivorsof suicide.com 3 2

Search Terms Used to Find Pro-suicide Websites

Among the 1314 accessed webpages, we could identify only
two clicked-through websitesthat were considered pro-suicide.
They are “ http://www.suicidemethods.net” and
“http://www.churchofeuthanasia.org”. The two websites not
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only provide information on methods of suicide but a so portray
apositive attitude towards the choice of using suicide as away
to ease pain. Table 3 shows the searches terms that were used
to accessthe two websites (ie, “how to kill yourself”, “ best way
to commit suicide”, and “euthanasia’), the frequency of their
usage, and the number of unique users for each search term.
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We found that the commonly used search terms included
“pictures of murder by strangulation” and “photo of a severe
burn” for “http://www.suicidemethods.net” and “committing
suicide with a gas oven’, and “hairless goat” for
“http://ww.churchofeuthanasia.org”. It is noteworthy that 23
and 14 unique users visited “http://www.suicidemethods.net”
and “http://www.churchofeuthanasia.org” respectively during

Table 3. Search terms used to access the two pro-suicide websites.

Wong et a

the data collection period. It isimportant to view these numbers
in context, especialy given the fact that a single unique user
contributed to the entire search query frequency of both
“committing suicide with agas oven” and “ methods to commit
suicide”, while the top two of search query frequency for
“http://www.suicidemethods.net” were a result of only two
unique users.

Website Search term

No. of
unique
users

Freguency

http://www.churchofeuthanasia.org

hairless goat

how to kill yourself

methods to commit suicide

euthanasia

best way to commit suicide

butcher pig

committing suicide
how to die painlessly
the church of euthanasia

butchering the human carcass for human consump-

tion
dog sex kkh

http://www.sui cidemethods.net

photo of a severe burns
pro choice suicide
suicidal websites

suicide murder pics

suicide pics

suicide methods

asphyxiapics

gory pictures

gory photos

homicide pictures

pictures of suicides

suicide

bloody suicide jump pictures
cut wrist pictures

gory autopsy pictures
hanging suicide

shotgun wounds

suicide attempt

suicide and hell

suicide photos

committing suicide with a gas oven

pictures of murder by strangulation
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18
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Discussion

Thisis aretrospective observational study aimed to investigate
the naturalistic web searching behavior on a search engine by
online userslooking for content using suicide-rel ated keywords.
Specifically, we examined users’ search termswith the keyword
“suicide” and investigated the types of webpages they had
accessed in the search results of AOL’s search engine, one of
the major search engines in the United States during the data
collection period. As such, the database used in this study might
be dated, confined to an English-dominated search engine, and
mainly limited to North America; nonetheless, thisis the most
comprehensive database of its kind that is freely available in
the public domain for exploration. Due to online privacy
developments, no other comparable publicly available datasets
exist. Although using Googl€' s search trend tool, Google Trends,
may provide some data on searching behaviors, comparisons
would be difficult on many levels, including sampling
ambiguity, lack of information on absolute search numbers,
normalization of search results, lack of details on scaling of
search results, and inability to access fine-grained searches.

Despite being a older dataset, especialy in the context of the
Internet where content and usage behavior is constantly
changing, thefindings still have relevance because, unlike prior
studies that took a more computational perspective to
suicide-related I nternet searches, we used anaturalistic approach
by looking at the users’ actual search behaviors. Rather than
merely looking at what is available for our perusal on the
Internet, which is subject to constant change, we examined the
subsequent behavior with returned results, which seems
relatively consistent even over time [29,30]. Furthermore, the
detailed results of the search terms that we have been able to
accessthrough thisdataset are not currently available anywhere
since search trend tools are not able to drill down to this level
of detail, and therefore, this may be the only glimpse into
detailed search behavior of online users.

Utilizing this type of dataset, however, means that athough
users’ search result click-throughs werelogged, we do not have
a record of the search results webpages they could see and
potentially access. Also, users’ behavior after accessing the
webpages cannot be examined. Nevertheless, it is possible to
identify search trends, patterns, and popular click paths that
allow usto gain insight into users’ searching goals and intent
aswell as pages that had high visibility based on the keywords
used in the search queries.

Presumably there are many existing websites that contain
information about suicide, making the Internet’srolein suicides
a point of concern. Our findings highlight three important
findings on Internet users naturalistic web search behaviors
that may challenge the underlying assumptions behind past
studies suggesting that the Internet is intrinsically harmful
because pro-suicide information can be found easily using
suicide-related search terms. First, despite previous studies
finding that pro-suicide and how-to-commit-suicide websites
are easily accessible through search engines [15,21-23], our
study showed that for AOL searcheswith suicide-related search
terms, users generally accessed webpages in the search results
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that provided entertainment, scientific information, news, and
resource information. About 10% of webpages accessed
included information about specific means of suicide, or about
15% if overdose and suicide webpages are included. These
preliminary findings could be interpreted as an indication of
users search intent when they use suicide-related search terms.
Second, only avery small proportion of users visited websites
in the search results that were traditionally seen as potentially
negative or harmful websites and among the clicked-through
webpages, we could identify only two websites that may be
considered as pro-suicide, showing detailed information of how
to complete suicide and encouraging viewers to use suicide as
aproblem-solving strategy. Third, further investigation revealed
that the majority of usersdid not use search termsthat contained
the keyword “suicide” to gain access to the two pro-suicide
websites. Moreinterestingly, according to the search terms that
were used to access the pro-suicide websites, users may have
been searching for gory images of unnatural deaths rather than
for descriptive information on ways to commit suicide.

Thelnternet and Suicide Prevention

In traditional media, newspapers, radio, and television were the
major sources for information and their consumers were
perceived as passive receivers of information. Information
portrayed in traditional media was mainly contributed by
professional journalists, and hence, regulation of that
information was relatively straightforward. In terms of suicide
information intraditional media, sinceinformation about suicide
cases are presented and received passively by the masses, media
reporting guidelines on suicide information developed for
professional s has been considered as a core prevention strategy
[31]. With the development of the Internet, we have stepped
into the information age, which has revol utionized the wayswe
consume and produce information and transformed how we
organize knowledge [32].

Inthe Web 2.0 era, the new mediaisinteractive. People become
proactive consumers and producers of information. Not only
can people search for information and contribute, messagesand
information can also bewidely and easily shared among friends
viasocial mediaand networks. The ease and low cost of creating
and copying content on the Internet contributed to its exponential
growth and now, the amount of information that can be found
on the Internet can be considered as almost infinite. In 2004,
Googl€e' swhole data storage was approximately five petabytes,
which is the quantity of data a thousand times larger than the
Library of Congress's print collection [33]. According to a
recent survey, there are 346,004,403 websites on the Internet
as of June 2011 [34], and Google announced on July 2008 that
it had processed over onetrillion unique URLs[35], while Bing
estimated that there were one trillion pages of content in 2009
[36]. Internet users, who can now also be contributors of
information, do not have any obligations to follow reporting
guidelines. Furthermore, content on the Internet can be easily
copied, re-posted, cached, and reproduced in mirror-websites,
and blocked websites can be bypassed easily through encrypted
connections. A good example is the WikiLeaks site
“http://en.wikipedia.org/wiki/WikiLeaks’, which had many
mirror websites created when authoritiestried to shut down and
remove all the content from original website. The properties of
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this new medium make restricting access to particular websites
difficult and impractical. Although the exact number of
pro-suicide websites on the Internet is unknown, it is close to
impossibleto remove such websitesfrom the Internet, regardless
of whether they are easy or difficult to access.

Actual Behavior and | ntent of Suicide-Related Searches
Online

Internet users use the Internet for various reasons. Segev and
Ahituv conducted a cross-national analysis of popular search
gueries used in Google and Yahoo! over a 24-month period
from January 2004 to December 2005 and found that there are
cultural differences related to Internet usage [10]. They found
that in many English-speaking and Western countries, the most
popular searches were related to entertainment. According to
the Pew Internet and American Life Project, information
searches and email are the two major online activities among
adult Internet users[37], and communication and entertainment
are the most common ones among young people [38].
Accordingly, the “uses and gratifications theory” [39], a
well-known theory in the field of media studies, states that the
information people choose to access is largely dependent on
their media consumption needs and desire. In other words,
although negative information is easily accessible through new
media, whether people access it largely depends on what they
arelooking for.

Our findings have provided a glimpse into the information
consumption preferences of online usersand corroborates prior
studies on peopl€’s Internet usage. Even for a domain-specific
topic, suicide, our study generated consi stent findingsthat most
search engine users in the United States used suicide-related
gueries to search for websites that belong to the entertainment
category.

Although pro-suicide websites and websites that contain detailed
information on suicide methods can be accessed easily, the
majority of search engine users, at least in the United States,
did not access them using suicide-related queries. A number of
keywords used to access pro-suicide webpages were instead
related to violent or bloody picturesincluding “gory pictures’,
“gory photos’, and “homicide pictures’. With these queries, we
suspect that those who accessed the websites might not have
an intent to die. Westerlund [40] has suggested that the
fascination with pro-suicide content, particularly the morbid
and violent descriptions may be amanifestation of ameaningful
process in which the producer or consumer of this content is
building an identity, acting out aggressive impulses, or even
rebelling against the dominant culture. An interesting future
study would be to explore the motivations behind why
non-suicidal individual s access suicide-related information. The
AOL data are very much based on a Western population and
according to Segev and Ahituv’sfindings[10], we do not know
whether peoplein other countries behave similarly or differently.
Recently developed free toals, like Google Trends and Google
Insights for Search, may help to conduct a cross-national
comparison study on thistopic. With that information, however,
we are still far from understanding how Internet users process
information collected from the I nternet and whether pro-suicide
information leads to suicidal behaviors.
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In-depth interviews with individual s with nearly lethal suicidal
behavior may help to understand this phenomenon. In Biddle
et a’s study [25], 22 individuals who survived nearly fatal
suicide attempts were interviewed on the information sources
that informed their choice of suicide method. They found that
about 36% of the attempters choices of suicide method were
found through the Internet. Interestingly, according to the
transcripts cited in their paper, some attempterswere “inspired”
by onlinefootage of Saddam Hussein's execution or Wikipedia,
which contains detailed information on suicide methods despite
being a general information website. They wrote “the sites
accessed by these respondents tended to be those containing
professional information and resources (including online
chemists), general knowledge sites (eg, Wikipedia), or news
sites, including BBC news. Specific ‘ suicide sites were accessed
lessfrequently...” (p.705 of [25]). Thisinformation is essential
to inform further development of suicide prevention work on
the Internet.

In our study, we found that a small group of individuas
intentionally searched for information about ways to complete
suicide and an even smaller group of individuals were eager to
find discussion forums using suicide-related keywords. A few
individuals used queries like “suicide by overdose of XX” or
“suicide by XX” to get access to webpages that provide
information on prescribed drugs and suicide. In contrast,
websites that include information on suicide means were
accessed by larger numbers of unique users. One individual
used a specific discussion forum addressasaquery (“xxsuicide's
xangasite” asshown inthetable) to get accessto that particular
webpage 10 times.

Thereisalack of research on suicide pactsarranged online, and
so it is difficult to predict the major consequence of a large
number of discussants getting access to this sort of discussion
forum. On one hand, there have been some documented
instances of completed suicide pacts in Japan [18], and on the
other hand, there is evidence for the positive effects of joining
an online community, like Facebook, which may enhance ones
positive affective state and also increase ones' socia support
[41].

What Can Be Done to Minimize the Negative | mpact
of the Internet on Suicide?

Current efforts to reduce the potential negative impact of the
Internet on suicide include remedial actions like removing and
blocking entries of harmful websites by using Internet filters,
constant monitoring of potential harmful websites by
“web-based police officers’ asimplemented in Japan and Korea,
and displaying helpline resources information while users key
in suicide-related queries. These strategies are in place in an
attempt to either shield suicidal and vulnerableindividualsfrom
suggestive material or abort their suicidal wishes by diverting
their attention to help resources. There are several challenges
that these strategies face. First, these strategies do not observe
theway that information is created, found, and accessed online.
Accordingly then, restricting or removing potentialy harmful
websites is an arduous if not impossible task. Furthermore,
cyber regulations are extremely difficult to enforce since the
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Internet is not clearly under any jurisdiction, and identification
of aphysical user can be elusive.

Instead, it isimportant to further investigate the natural online
behavior especially of vulnerableindividuals and integrate that
information with the way that search engines provide
information. With the Internet inundated with information, the
major search engines, ie, Google, Bing, and Yahoo!, have
complex algorithms to return relevant search results to users.
Consistent with the uses and gratification theory, relevance in
asearch engine is defined by variables such as user popularity,
credible web domains, and high-quality content. As such,
well-made and informative websites will tend to rank higher in
search results and also be visited more often. Consequently,
instead of the labor-intensive strategy of finding, sorting, and
removing potentially harmful websites, more resources and
effort should be spent on developing high-quality, informative,
interactive, and user-friendly websites that maximize the
likelihood of ranking highly in search results and therefore,
being found and accessed.

Also, more recent studies find that the Internet provides more
positive than negative effects on the vulnerable, especially in
enhancing the social support of isolated individuals though
social networking sites [11,42]. Menta health providers and
researchers should make use of Information and Communication
Technology (ICT) in strengthening their traditional practices
in afashion that could not be achieved in pre-digital times.

Conclusion

Our research presented the naturalistic search behavior of search
engine subscribers using any search terms with the keyword

Wong et a

“suicide’. Currently we know that cybersuicide or Internet
suicide pactsrepresent asmall fraction of overall suicides. While
those attempting suicide have searched for suicide-related
information on the Internet before completing the act, we also
know that the Internet can provide a unique platform to reach
those individuals previously inaccessible, and web-based
psychotherapies are producing promising results in helping
depressed individual s, with the acknowledgment of the potential
digital divide phenomenon. As such, it can be concluded that
we should neither underestimate nor overestimate the potential
negative impact of the Internet on suicide.

However, the threshold between offline and online activitiesis
quickly receding and in the near future will soon disappear. It
is uncertain how much of today’s searching, and even learning,
behavior will remain unchanged. There are plenty of daily
examples that show how much of our learning behavior has
transformed. “Sri” (Speech Interpretation and Recognition
Interface) is an intelligent personal assistant and knowledge
navigator that functions as an application for Apple’s operating
system and answers questions, makes recommendations, and
performs actions by del egating requeststo a set of web services
to iPhone users. Google Images, asearching tool for imageson
the Internet, may help Google users to search for visua
information using image or pictures. These are just a few
examples. Suicide research and prevention strategies must keep
up with the emerging trend and pace of ICT in order to prevent
more unnecessary tragic deaths.
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Abstract

Background: Although telemonitoring is increasingly used in heart failure care, data on expectations, experiences, and
organizational implications concerning telemonitoring are rarely addressed, and the optimal profile of patients who can benefit
from telemonitoring has yet to be defined.

Objective: To assess the actual status of use of telemonitoring and to describe the expectations, experiences, and organizational
aspects involved in working with telemonitoring in heart failure in the Netherlands.

Methods: In collaboration with the Netherlands Organization for Applied Scientific Research (TNO), a 19-item survey was
sent to all outpatient heart failure clinics in the Netherlands, addressed to cardiologists and heart failure nurses working in the
clinics.

Results: Of the 109 heart failure clinics who received a survey, 86 clinics responded (79%). In total, 31 out of 86 (36%) heart
failure clinics were using telemonitoring and 12 heart failure clinics (14%) planned to use telemonitoring within one year. The
number of heart failure patients receiving telemonitoring generally varied between 10 and 50; although in two clinics more than
75 patients used telemonitoring. The main goalsfor using telemonitoring are “monitoring physical condition”, “monitoring signs
of deterioration” (n=39, 91%), “ monitoring treatment” (n=32, 74%), “ adjusting medication” (n=24, 56%), and “ educating patients’
(n=33, 77%). Most patients using telemonitoring were in the New York Heart Association (NYHA) functional classes |l (n=19,
61%) and 111 (n=27, 87%) and were offered the use of the telemonitoring system “as long as needed” or without a time limit.
However, the expectations of the use of telemonitoring were not met after implementation. Eight of the 11 items about expectations
versus experiences were significantly decreased (P<.001). Health care professionals experienced the most changes related to the
use of telemonitoring in their work, in particular with respect to “keeping up with current development” (before 7.2, after 6.8,
P=.15), “being innovative” (before 7.0, after 6.1, P=.003), and “better guideline adherence” (before 6.3, after 5.3, P=.005).
Strikingly, 20 out of 31 heart failure clinics stated that they were considering using a different telemonitoring system than the
system used at the time.

Conclusions. Onethird of al heart failure clinics surveyed were using telemonitoring as part of their care without any transparent,
predefined criteria of user requirements. Prior expectations of telemonitoring were not reflected in actual experiences, possibly
leading to disappointment.

(J Med Internet Res 2013;15(1):e4) doi:10.2196/jmir.2161
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Introduction

Methods

Telemonitoring in heart failure careis used to monitor patients
symptoms at home and to guide patientsin taking actionin case
of deterioration. Telemonitoring is considered a promising new
intervention for heart failure patients, and a study on the use,
perceptions, and experiences has been published recently [1,2].
However, current evidence regarding the effectiveness of
telemonitoring in the care of heart failure patientsis conflicting
[3]. There are many definitions used for telemonitoring, but the
core principle does not generally differ. A commonly used
international definition is “the remote monitoring of patients,
including the use of audio, video, and other telecommunications
and electronic information processing technol ogies to monitor
patient status at a distance” [4]. In the Netherlands, the most
used definition isthat telemonitoring includes the measurement,
monitoring, collecting, and transfer of clinical data concerning
the health status of a patient in his or her home environment,
using information and communication technology. Initial studies
showed that remote monitoring of heart failure patients reduced
hospitalization and mortality rates[5-8]. However, recent studies
performed on a larger scale did not confirm these findings
[9,20]. Questions remain regarding the optimal patient profile
for using telemonitoring, the technical aspects of the
telemonitoring systems, theintensity and frequency of providing
data, and the cost-effectiveness of the various telemonitoring
systems used [11,12]. Furthermore, expectations and
consequences of telemonitoring for the organization of care,
logistic processes, and the work of health care providers are
rarely studied, and thus unclear. However, these aspects of
telemonitoring arevital for the consideration and acceptance of
these systems in future practice [13].

Despite theinconclusive evidence for the use of telemonitoring
in heart failure, telemonitoring is considered to be a promising
development, [7] and there are increasing efforts to introduce
telemonitoring in outpatient heart failure clinics. In some
countries, including the Netherlands, health care insurance
companies reimburse telemonitoring for heart failure patients.
The present study was designed to assess the perspectives and
expectations for both heart failure nurses and cardiologists
working in a heart failure team with telemonitoring.

To this end, the following research questions were posed: 1)
What are the perceptions and expectations of cardiologists and
heart failure nurses with respect to the implementation of
telemonitoring in heart failure patients? and 2) What are their
experiences with the implementation of telemonitoring? In this
study, we did not focus on possible differences between heart
failure nurses and cardiologist in their perceptions of working
with telemonitoring.

http://www.jmir.org/2013/1/e4/

Participants

Participants in the study consisted of cardiologists and heart
failure nurses working in heart failure outpatient clinics in the
Netherlands. Out of all 118 Dutch heart failure clinics, 109
clinics received a questionnaire in March 2011, addressed to
the cardiologists and heart failure nurses working in the heart
failure outpatient clinic. Nine heart failure clinicswere excluded
and did not receive a questionnaire due to their participation in
the IN TOUCH study, a study evaluating the added value of
information and communication technology-guided disease
management combined with telemonitoring for heart failure
patients [14]. Participants were requested to return the
guestionnaire within 12 weeks. We sent out two reminders.

Instrument

In collaboration with the Netherlands Organization for Applied
Scientific Research (TNO), a 19-item questionnaire on
telemonitoring was specifically developed for this study, based
on the two research questions. For this questionnaire we defined
telemonitoring as: “ The remote, | nternet-based monitoring and
mentoring of heart failure patients on weight, blood pressure,
heart rate, and signs and symptoms that disclose the actual
condition of the heart failure patient. The devices are used by
the patients in their own home environment and the generated
data are transferred by the Internet”. The use of telemonitoring
by means of telephone, telephone support, tel ephone follow-up,
or by means of implantable devices was not included in this
study because our focus was to investigate expectations and
experiences of using telemonitoring devices that required an
active user interaction (eg, direct handling of deviated values,
generated alerts, and complaints). The technology and handling
for users between implanted devices and external devices, such
as weight scales and/or blood pressure measurements, are
essentially different. Based on the research questions, itemsfor
the questionnaire were developed with the input of 10
cardiologists and 10 heart failure nurses, resulting in a
guestionnaire consisting of 3 domains: 1) availability of
telemonitoring, 2) experiences with telemonitoring, and 3)
organization of telemonitoring. The questionnaire consisted of
both multiple choice and “agree/disagree” questions. For data
regarding the motivation for and importance of using
telemonitoring, as well as the experiences with using
telemonitoring, we asked respondents to rate 11 items on a
10-point scale. On this scale, 0 counted as “ not important”’ and
10 as“very important”.

These 11 items were based on practical considerations related
to the start-up of telemonitoring. Aside from addressing the
practical considerations of health care workers in our study,
these same 11 items are frequently used by sales representatives
to convince future users of the added value of working with
telemonitoring. The 11 different items could be combined into
3 groups. 1) direct patient care (better self-management,
improving quality of care, and reduction of (re) admission); 2)
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telemonitoring system—related aspects (current development,
innovation, and better guideline adherence); and 3)
organizational aspects (treating more patients, fulfilling hospital
policy, reducing workload, lowering heart failure related costs,
and fulfilling health care insurance policy).

Validation Process of the Questionnaire

To test the questionnaire, a group of 30 pilot responders,
representing the future research population, completed the
guestionnaire. Internal consistency (Cronbach alpha) of the
guestionnaire in the current sample was .85. This parameter
measurestherdiability of thescale. A set of questionnaireitems
with areliability of .70 or higher isconsidered acceptable. Face
validity (10 cardiologists, 10 heart failure nurses) was assessed
by analyzing the feedback received on the total questionnaire.

Statistical Analysis

Descriptive statistics were used to present the data. For some
parts of theanalysis, we subdivided the respondentsinto current
telemonitoring users (n=31) and intended telemonitoring users
(n=12), because some research questions are related to actual
experiences of working with telemonitoring and other are more
exploratory (eg, which patients do you think are suitable for
applying telemonitoring?). Paired samplest tests were used to
examine possible differences between expectations of and
experienceswith using telemonitoring. Analyseswere performed
using PASW, version 18.0 for Windows.

Results

Basic Characteristics of the Study Population

Of the 109 heart failure clinicswho received asurvey, 86 clinics
responded (79%). Their responseswereincludedintheanalysis.

http://www.jmir.org/2013/1/e4/
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Respondents had a mean age of 48 + 8 years, and 68% were
female. The mean years of work experience in the current
position was 14 + 9 years, and the respondents worked with
heart failure patients for an average of 19 + 10 hours a week.
Of the 86 responding clinics, 31 reported using telemonitoring
intheir current patient care (36 %), and 12 clinics (14%) planned
to use telemonitoring within one year. Further analysis was
therefore restricted to the clinics that actually used
telemonitoring and those that planned to use telemonitoring
within one year (total n=43).

Availability of Telemonitoring

Thethree systems most frequently used for telemonitoring were
commercialy available systems (Motiva, Health Buddy, and
IPT Telemedicine [15-17]), and one clinic had developed its
own telemonitoring system. The systems used in this study are
generaly similar to each other based on functionality. They
transfer measurements generated at home and answers to
guestions to a health care environment via the Internet. The
Health Buddy system differs, however, because it transfers the
datadirectly to the health care provider instead of a data center.
This meansthat the heart failure nurses are directly responsible
for the handling of data and measurements. However, the
consequence of directly receiving dataand measurementsisthe
need for a 24/7 shift of health care providers.

The feedback from the health care provider to the patient in all
three systems is given by telephone. For the specific
characteristics of the commercially available systems used in
this study [18], see Table 1.
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Table 1. Characteristics of the commercia available telemonitoring systems used in this study.

Motiva Health Buddy IPT-Telemedicine

Monitoring

Blood pressure yes yes yes

Weight yes yes yes

Heart frequency yes yes yes

Electrocardiography no yes yes
Questions

Symptoms yes yes yes

Knowledge about heart failure yes yes yes

Change of behavior yes yes yes
Informing patient about...

Symptoms yes yes yes

Knowledge about heart failure yes yes yes

Change of behavior yes yes yes
Communication

Datacenter yes yes yes

Medical service center yes no yes

Direct feedback, true applica-  yes, through television  yes yes

tion to patient

Direct feedback from health yes, by phone yes, by phone yes, by phone

care provider to patient

Continue feedback to health yes, through software on  yes, through software on  yes, through portal

care provider desktop desktop
Alertsin caseof deviationfrom yes, through softwareon  yes, risk profiles (low-  yes, through portal
predefined measurements desktop middle-high)
Patient requirements
Ability to read yes yes yes
Activeinput yes yes yes
Cognitive functional yes yes yes
Manual extensive simple simple
Television yes no no

The 12 clinicsthat intended to use telemonitoring withinayear  in aclinic varied between 10 and 50, but in two clinics more
mostly reported (42%, n=5) that they planned to usethe Motiva than 75 patients used telemonitoring.
system (Table 2). The number of patients using telemonitoring

Table 2. Availability and use of telemonitoring (TM) system by actual users (n=31) and planned users (n=12).

TM systems Actually used system (n=31 clinics) System of choice in case of a new No current user but expecting to make
decision (n=31 clinics) achoice within 1 year (n=12 clinics)
Health Buddy 7 (28%) 2 (8%) -
Motiva 14 (46%) 4 (12%) 5 (42%)
IPT Telemedicine 6 (15%) 2 (6%) -
Other systems 4 (11%) 3 (10%) 2 (16%)
No choice yet - 4 (12%) 2 (16%)
Unsure - 16 (52%) 3 (26%)
http://www.jmir.org/2013/1/e4/ JMed Internet Res 2013 | vol. 15 | iss. 1 e4 | p.210
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Thefollowing main goalsfor implementing telemonitoringwere  n=32), “adjusting medication” (56%, n=24), and “educating
reported: “monitoring physical condition”, “monitoring signs  patients’ (77%, n=33) (see Table 3). Beside these goals, most
of deterioration” (91%, n=39), “monitoring treatment” (74%, clinicsalso used thisasapractical reason to start telemonitoring.

Table 3. General descriptive data of heart failure centers using (n=31) and planning to use (n=12) telemonitoring (TM).

Question (n) Response option Response n (%)

Number of patientsin TM care

(n=31 clinics)
None 2 (6%)
0-10 5 (16%)
10-20 8 (26%)
20-50 11 (35%)
50-75 3 (11%)
>75 2 (6%)

Main goal of using telemonitoring

(n=43 clinics, more than one answer possible)
Monitoring physical conditioning, signs of deterioration 39 (91%)
Monitoring and adjustment of treatment 32 (74%)
Titration of medication 24 (56%)
Patient education 33 (77%)
Other goals 3 (7%)

Duration of applying telemonitoring in patient

care

(n=31 clinics)
Between 3 and 6 months 6 (19%)
Between 6 and 12 months 6 (19%)
No limit 9 (30%)
Aslong as necessary 10 (32%)

. . o “increasing self management” (63%, n=27), “having complaints
Experience With Telemonitoring of heart failure symptoms’ (60%, n=26), and “being (re)
Patient Profile admitted due to heart failure” (60%, n=26). See Table 4.

The criteriafor using telemonitoring for a specific patient were
reported to be based on “needing education” (68 %, n=29),

Table 4. Criteriafor applying telemonitoring in heart failure (HF) patients.

Criteriafor applying telemonitoring n=43 clinics
Education 29 (68%)
Patient management 27 (63%)
Heart failure re-admission 26 (60%)
Complaints heart failure symptoms 26 (60%)
Based on actual NYHA class 13 (30%)
Medication status 8 (19%)
Different 2 (4%)

Respondents from 8 clinics reported that the current use or  York Heart Association (NYHA) functional class was not a
amount of medication were reasons for using telemonitoring.  reason to start telemonitoring (see Table 5).
The magjority of respondents (85%, n=36) stated that the New
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Table5. NYHA classin telemonitoring (NYHA: New York Heart Association classification for heart failure), more than one answer possible.

Question (n) Response option Response n (%)

Actual NYHA class of patients currently using telemonitoring

(n=31)
NYHA | 0 (0%)
NYHA II 19 (61%)
NYHA Il 27 (87%)
NYHA IV 5 (15%)

Which NYHA classin your patient population is suitable for

applying telemonitoring?

(n=43)
NYHA | 3(6%)
NYHA II 14 (32%)
NYHA 11| 18 (41%)
NYHA IV 10 (23%)

Isthe NYHA class decisive for applying telemonitoring?

(n=43)
Yes 6 (15%)
No 36 (85%)

In order to determine the best course of therapy, heart failure
professional s assess the stage of heart failure according to the
New York Heart Association (NY HA) functional classification
system (see Table 6). This classification system relates

symptoms to everyday activities and the patient’s quality of
life. The NYHA class is not a determined factor for the
application of telemonitoring according to the guidelines.

Table6. NYHA: New York Heart Association classification for heart failure.

Class Patient symptoms

Class| (Mild) No limitation of physical activity. Ordinary physical activity does not cause undue fatigue, palpitation, or dyspnea
(shortness of breath).

Class |l (Mild) Slight limitation of physical activity. Comfortable at rest, but ordinary physical activity resultsin fatigue, palpitation,

or dyspnea.

Class 111 (Moderate)
or dyspnea.

Class|V (Severe)

Marked limitation of physical activity. Comfortable at rest, but less than ordinary activity causes fatigue, palpitation,

Unableto carry out any physical activity without discomfort. Symptoms of cardiac insufficiency at rest. If any physica

activity is undertaken, discomfort isincreased.

Nevertheless, patientsin NYHA class |l and 111 were most often
reported to be enrolled for telemonitoring, whereas no patients
in NYHA class | used telemonitoring. In total, 15% of patients
in NYHA class IV used telemonitoring.

Length of Time of Telemonitoring

Most respondents stated that they monitor their patients with
telemonitoring “aslong as needed” or without atime limit. Six
clinics noted a maximum time period for using telemonitoring
per patient between 3 and 6 months respectively. In response
to the question on whether clinics (n=43) could estimate which
of the total percentage of all patientsin heart failure care were
suitable for telemonitoring, the mean percentage was 10%.

Telemonitoring System

Fifteen of the 31 clinicsthat actually used telemonitoring stated
that if a new selection process were to be put in place, they

http://www.jmir.org/2013/1/e4/

would choose a different system compared to the system they
currently used. Sixteen clinicsindicated that they were not sure
which system they would choose (see Table 2). Of the 31 clinics,
14 reported that they were satisfied with their current
telemonitoring system. The other 16 clinicstook aneutral stance,
and one user reported to be dissatisfied with the telemonitoring
equipment.

Expectations Versus Experienced Outcomes

In Figure 1, the expectations of applying telemonitoring are
compared with the experienced outcomes after implementation
of telemonitoring. The combined 3 groups of aspects of working
with telemonitoring (direct patient-related care, telemonitoring
system aspects, and organizational aspects) and 10 of the 11
separate items showed that the actual experiences did not meet
the prior expectations. The results showed that users had high
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expectations of the benefits of using telemonitoring, in particular
with respect to direct patient-care aspects (mean 7.4).

Expectations of the system-related aspects (mean 6.8) and
organizational aspects (mean 6.0) were also high. However,
these high expectations of the use of telemonitoring were not
reflected in the actual experiences after implementation. The

deVrieset a

largest difference was found in the group of organizational
aspects (reduction of workload score, 5.9 versus 3.5, P<.001)
and lowering heart failure—related costs, score 5.8 versus 3.2,
P<.001). The aspect “keeping up with current developments’
wasthe only oneinwhich areduction was not significant (score,
7.2 versus 6.8, P=.15).

Figure 1. Expectations of applying telemonitoring and experienced differences after implementation of telemonitoring.

Organizing and Financing Telemonitoring

A total of 12 clinics (39%) reported to bein a“ start-up” period;
whereasthe other 19 clinics stated that they had fully integrated
telemonitoring in their daily care routine. Rules and protocols
on the implementation of the system and responsibility for
incoming data were available in 70% of the clinics. Protocols

http://www.jmir.org/2013/1/e4/
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on the acceptable length of time between the moment of
incoming patient data and the response of the caregiver
(response-reaction time) were available in 60% of the clinics.
With respect to financing, 54% of telemonitoring systemswere
financed by health care insurance companies, 13% by project
financing, and 7% by the hospital itself or the cardiology
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department. The other 26% of the clinics did not give insight
into their financing of telemonitoring.

Discussion

The most prominent result of our study was that, although the
respondents had high perceptions and expectations of working
with telemonitoring, these were not positively reflected in the
actual experiences.

Thetrade-offsdirectly related to the telemonitoring system were
most often addressed, but important trade-offs of telemonitoring
concerning direct patient care and organizational aspects were
only briefly mentioned or not reported at all. A striking finding
is that the majority of responding heart failure clinics stated
they were considering the use of a different system than the
system currently used. Furthermore, aspects of direct patient
care (like monitoring and education) were reported as main
goals for implementing telemonitoring.

The dominant criteria for using telemonitoring for a specific
patient included “ education”, “ heart failure (re) admission”, and
“complaints of heart failure symptoms’. Thirty percent of the
respondents mentioned that the actual NY HA classisacriterion
for applying telemonitoring, but at the same time only 15%
stated that the NYHA class was decisive for applying
telemonitoring. In actual practice, the majority of the patients
showed to bein NYHA class 1l and I11. Finally, although 1 out
of 10 patientswas suitable for telemonitoring, the actual number
of patients using telemonitoring was limited in general and the
duration of the use of telemonitoring unknown. Despite the
increased introduction and use of telemonitoring in heart failure,
there has been little research regarding user-related aspects of
working with telemonitoring. Therefore, it is unknown to what
extent expectations, experiences, and possible difficultiesinthe
implementation process of telemonitoring are present in health
care providers working with telemonitoring. In this first study
to focus specifically on the application of telemonitoring in
heart failure clinics, we showed that heart failure clinics have
high expectations of patient care, system, and organizational
outcomes of working with telemonitoring.

In an earlier study on the expectations of telemonitoring of
caregivers in nursing homes, Chang et al [19] reported that
respondents expected the benefits of improved efficiency and
quality of care, reduction of medical costs, and a reduced
workload. However, experiences of telemonitoring were not
measured in the study of Chang et al. Although the evidence
for the use of telemonitoring in heart failure patients is still
growing [5-8], gaps in knowledge about the use of
telemonitoring in heart failure remain [3,20,21]. These gapsin
knowledge are mainly caused by the absence of data on adequate
patient profiling and the overal cost-effectiveness of
telemonitoring.

Despite the presence of conflicting evidence on the usefulness
of telemonitoring for heart failure and the lack of dataregarding
the implementation of telemonitoring, the consegquences for
health care providers, and thelogistic processesin daily practice,
morethan one-third of all heart failure clinicsin the Netherlands
have implemented this new technology for some of their heart

http://www.jmir.org/2013/1/e4/
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failure patients. This indicates that health care providers have
high expectations of working with telemonitoring and are even
willing to start working with telemonitoring in the absence of
guidelines, protocols, and solid evidence for itsusefulness. The
use of telemonitoring, however, is still in itsinfancy, and many
clinics are still searching for a way to provide telemonitoring
efficiently and effectively. A similar experience was reported
with respect to the selection processes for electronic patient
records and other technology toolsin health care[22-24]. Users
were either extremely positive or negative about their system,
and this had a “wait-and-see” effect on potential future users.
Negative experiences were reflected in the fact that some users
were considering looking for adifferent system than the system
currently used. The need for a different system seems to be
primarily driven by the practical usage of the system, which
falls short of expectations. Our findings indicate that the actual
functionalities of the telemonitoring system itself are of great
importance to the respondents. Hence, it is questionable if the
feeling of overall disappointment isindeed theresult of afailing
telemonitoring system or is due to a lack of efficient
organization around the implementation of telemonitoring
systems.

For future success it is very important to create an efficient
organization around asystem [13]. In the case of telemonitoring,
this means that a system should be integrated in a heart failure
clinic in which heart failure nurses [11,25] have a coordinating
role and have insight in all aspects of patient care (eg, health
care professionals involved, situation at home). Within this
setting, the heart failure nurse can take appropriate action on
the data received from the telemonitoring system [26,27].
Furthermore, additional training is required in which insight
and understanding of receiving data, data handling, evaluating
expectations, and effect monitoring are vital [28].

Our data showed that in 61% of the heart failure clinics that
actually worked with telemonitoring, it was used only in small
cohorts with numbers of 10 to 50 patients. Although this
concerns only a limited number of patients, it is important to
realize that monitoring 50 heart failure patients (next to the
treatment of other heart failure patients) might cause a
substantial amount of additional work with respect to logistic
adjustment, training on using the system, and the devel opment
of protocols on data handling, response time, and treatment.
We could therefore predict that implementing telemonitoring
will not automatically decrease workload.

In thisfirst study on user-related aspects of telemonitoring, we
demonstrated that the optimal use of telemonitoring remains a
challenge. The main finding of our research isthat asubstantial
difference exists between prior expectations of telemonitoring
and the actual use of telemonitoringin daily practice. Thefocus
on, for instance, optimizing medication by using telemonitoring,
however, has been shown to be a promising and cost-effective
future application [29,30]. While the use of telemonitoring is
still in its infancy, it is important to learn from current
experiences, evenif it currently concernsonly alimited number
of telemonitoring systems and patients. Ongoing studies such
asthe IN TOUCH trial [14] in the Netherlands should provide
more evidence about cost-effectiveness and the effects of
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telemonitoring in combination with different types of disease
management in heart failure.

A finding that has to be specifically addressed is that most of
the respondents indicated that telemonitoring will be applied
as long as needed or can even be used indefinitely. This
approach should be critically evaluated. First, it might not be
the most cost effective in terms of using equipment and staff.
Most intervention studies on the use of telemonitoring were
short in follow-up, and therefore there are no data available that
support the choicefor (life) long use of telemonitoring. Second,
ethical issues can be rai sed about whether or not patientswould
benefit from lifelong monitoring, regardless of the burden on
their personal lives. Other notable findings were that 85% of
the respondents indicated that the NYHA functional class was
not decisive for the application of telemonitoring and that most
patientswho received telemonitoring werein NYHA functional
classes Il and 1ll. Although the optimal patient profile for
successful use of telemonitoring has not yet been described, it
can be expected that specifically patients with severe and more
unstable heart failure are suitable for telemonitoring and would
benefit in terms of preventing re-admissions. Considering this,
it is remarkable that in daly practice telemonitoring is
increasingly used for patient education and for optimizing
medication in patients with less severe heart failure.

Limitations

For this study, we used a self-devel oped questionnaire that was
not designed to test the feasibility of a telemonitoring system,
but rather to examine both the general considerations and
reasons for applying telemonitoring in Dutch heart failure
clinics, as well as the organizational aspects these systems
address. In this study, we did not focus on possible differences
in the perception of working with telemonitoring of heart failure
nurses and cardiologists, because the main goa of this study
wasto explore the expectations and experiences of aheart failure
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team working with telemonitoring. However, one might predict
that the comments of the two separate groups would relate to
their characteristics. Although we are aware of the limitations
of asking about experienceswith telemonitoring retrospectively,
the design of this study could not correct for this. To account
for this limitation, we have focused in the discussion on the
learning aspects of the experiences instead of giving clear-cut
conclusions.

Conclusion

Thisrepresentative study (86 of 109 surveyed Dutch heart failure
clinics) showed that one- third of heart failure clinicswereusing
or planned to use telemonitoring as part of their care, albeit in
alimited number of patients only. Our survey also showed that
telemonitoring is not a success story yet. Respondents did not
experience a decreased workload while working with
telemonitoring, and prior expectations of introducing
telemonitoring were not reflected in actua experiences, possibly
leading to disappointment. Criteriafor both the optimal duration
period of using the telemonitoring system and the targeted
patient groups were not established, and the choice for a
telemonitoring system seemed to be made on the specifications
of the system itself, rather than on organizational issues such
as protocols or education of staff. All the suppliers of
telemonitoring devices observed in this study provide the
services of generating and transferring data from a home
environment to a health care environment. Telemonitoring is
not a“one size fits al” solution. From a patient point of view
[9,20] and supported by the recent European Society of
Cardiology heart failure guidelines (2012), we conclude that
the optimal profile of patients who might benefit from
telemonitoring needs to be further explored. Long-term
experiences are necessary to discover the most effective use of
telemonitoring in terms of reduction of mortality, re-admissions,
and improvement of quality of life.
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Abstract

Background: It isimperative to understand how to engage young women in research about issues that are important to them.
There is limited reliable data on how young women access contraception in Australia especialy in rural areas where services
may be less available.

Objective: This paper identifies the challenges involved in engaging young Australian women aged 18-23 years to participate
in aweb-based survey on contraception and pregnancy and ensure their ongoing commitment to follow-up web-based surveys.

Methods: A group of young women, aged 18-23 years and living in urban and rural New South Wales, Australia, were recruited
to participate in face-to-face discussions using several methods of recruitment: direct contact (face-to-face, telephone or email)
and snowball sampling by potential participants inviting their friends. All discussions were transcribed verbatim and analyzed
using thematic analysis.

Results: Twenty young women participated (urban, n=10: mean age 21.6 years; rural, n=10: 20.0 years) and all used computers
or smart phones to access the internet on a daily basis. All participants were concerned about the cost of internet access and
utilized free accessto social media on their mobile phones. Their willingnessto participate in aweb-based survey was dependent
on incentives with a preference for small financial rewards. Most participants were concerned about their persona details and
survey responses remaining confidential and secure. The most appropriate survey would take up to 15 minutes to complete, be
a mix of short and long questions and eye-catching with bright colours. Questions on the sensitive topics of sexua activity,
contraception and pregnancy were acceptable if they could respond with “1 prefer not to answer”.

Conclusions: There are demographic, participation and survey design challenges in engaging young women in a web-based
survey. Based on our findings, future research efforts are needed to understand the full extent of the role social mediaand incentives
play in the decision of young women to participate in web-based research.

(J Med Internet Res 2013;15(1):€10) doi:10.2196/jmir.2266
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Introduction

Littleinformation isavail able about how young women use and
access contraception in any region of Australia, urban or rural.
The need for information in this area is long overdue, as has
been noted in the literature [1,2]. Existing Australian research
into sexual activity, contraception, and pregnancy includes the
National Survey of Australian Secondary Students from 1992
to 2008, prior to the students leaving school [3], and the
Australian Study of Health and Relationships that surveyed
adults aged 16-64 years [4,5]. Further research includes the
Australian Longitudinal Study on Women's Health (ALSWH)
of the cohort born in 1973-78. They have been followed since
1996 at age 18-23 years [6]. Additional maternal health data
from the birth of the first child to the end of women's
reproductive lives are reported annually in Australia [7].
However, there remains limited research specifically on the
contraceptive use and pregnancy intentions of the new
generation of young women.

It isdifficult to capture the voice of young peoplelivingin rura
areas in large population studies. For example, in 2010, New
South Wales (NSW, the most populous state in Australia) had
a population of 7.2 million, of which 14% were aged 15-24
years [8]. An anaysis of population data highlighted
demographic challenges as most young women in NSW livein
major cities: only 16% of women aged 15-24 years lived in
inner regional areas and 5% lived in outer regional and remote
areas[8,9]. From age 20 years, the proportion of young women
living outside the major metropolitan area of Sydney decreased
across all other areas of NSW, indicating the movement of
young women from rural areas to the greater Sydney region.
Age-specific fertility ratesin NSW are lower than the national
rate in Australia, respectively, for 15-19 years (12.9 and 15.5
births per 1000 women) and 20-24 years (49.3 and 52.5 births
per 1000 women) [7,8]. However, the fertility rates are
dramatically higher in rural areas compared to rates in urban
areas. While web-based recruitment can overcome any
geographical limitations, response rates to population studies
cannot be calculated using established methods because the
number of potential participants is unknown [10].

There are many challenges in researching the health of young
people, especially those living in rural areas [11]. Galea and
Tracy (2007) have reported on the reasons for declining
participation in epidemiologic studies and the resulting difficulty
in recruiting popul ation-representative cohorts. people are less
likely to participate if they do not see the direct relevance to
their personal lives. However, women who are employed and
have a higher socioeconomic status are more likely to participate
[12]. Differencesin response rates in population-based studies
may be accounted for by the sampling strategy used to identify
eligible persons [12,13], including web-based recruitment
through Facebook advertising [14]. A modern challenge for
engaging young peoplein researchistheir preferencefor social
mediaand the pursuit of adigital life[15]. An Australian survey

http://www.jmir.org/2013/1/e10/

of household Internet subscribers in 2010-2011 found social
networking was one of the most popular Internet activities[16].
Almost all (96%) persons aged 18-24 years had access to the
Internet and used their connection for emailing (93%) or social
networking and online gaming (86%) [16]. A 2009 survey of
196,000 young people aged 15-24 years and living with a
disability found 86% had access to the Internet at home [16].
Studies of the Internet activity of Australian households show
that almost all households access the Internet either daily or
weekly [16]. The use of social mediaby young Australian adults
is similar to young American adults [17].

Littleisknown about how young women access contraception,
particularly in rural areas of Australia It isassumed that many
young women visit their local GP for advice about
contraception. In Australia, from 1998, standard general practice
consultations have been monitored through the Bettering the
Evaluation and Care of Health (BEACH) program [18]. Taylor
et a (2010) analyzed BEACH datafrom 1994 to 2009 and found
areversal in the historical trend for extended consultations and
the emerging preference for short appointments suited to
single-issue consultations [19]. However, the comprehensive
assessment of an individual's need for contraception and
pregnancy advice may require extended multi-issue
consultations. Although a prescription to continue the oral
contraceptive pill requires a short consultation, women who
need to change their contraceptive method and be informed
about new methods arelikely to require an extended consultation
or multiple visits.

Taylor et a (2010) recognized that a limitation of their study
was the focus on individual services and not the assessment of
individuals and their longitudinal use of services[19]. In 2001,
adolescents aged 15-24 years had fewer visits to a doctor
compared to older Australians, but most young women were
attending for issues related to contraception or pregnancy [20].
Mazzaet a (2012) used BEACH data to analyze contraceptive
management by GPs and found a rate of 60 per 1000
consultations focused on contraception for women aged 12-54
years regardless of their residence in urban or rural Australia
[21]. The extent to which young women get contraceptive
information, advice, and servicesfrom locations other than their
local GP is not known.

In order for research findings about how young women use and
access contraception to inform policy and practice, it is
important to engage young women in research design and
implementation. This study aims to identify the challenges
involved in engaging young women aged 18-23 years, especially
those from rural areas, to participate in a web-based survey on
contraception and pregnancy. Further, this study investigates
the challenges involved in engaging young women to complete
multiplefollow-up web-based surveysin order to study changes
over time in contraceptive use and pregnancy intentions.
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Methods

Study Design

This study is part of alarger project called Contraceptive Use,
Pregnancy Intention and Decisions (CUPID) of young Australian
women. CUPID aimsto shed light on the reasons for using, or
not needing, contraceptive methods among young women,
despite the apparent widespread availability of contraception.
This study aimsto identify how to encourage the participation
of young women in a web-based survey, about contraception
and pregnancy, through face-to-face discussions with young
women. Ethical approvals were granted by committees at the
University of Queensland, University of Newcastle, and Family
Planning NSW. Additional information on CUPID is available
from the project website.

Sample and Recruitment

Young women aged 18-23 years and living in urban and rural
NSW, Australia, were invited to participate in focus group
discussions. Advertising for the discussionswas viapostersand
information sheets displayed at the University of Newcastle,
Family Planning NSW clinics (Ashfield, Fairfield, Penrith,
Newcastle, Dubbo), educational settings (library), and one
workplace setting with a trainee program including young
women aged 18-23 years. Recruitment was achieved using direct
contact (face-to-face, telephone, or email) and potential
participants inviting their friends (ie, snowballing sampling).
No financial incentiveswere given for participation in the study,
but refreshmentswere provided during the di scussions. Women
who offered to participate but were aged outside the specified
age range were excluded.

Procedure

Ten semi-structured focus group discussions (lasting between
30 and 60 minutes) were conducted with participants from
August to September 2011 by one member of the research team
(DH) and an assistant (CR). Thefocus groupswere heldin urban
areas at clinica locations in Sydney (Ashfield, Penrith) and
Newcastle. Inrural areas, the focus groupswere held at clinical
(Dubbo), educational  (Tamworth), and workplace
(Muswellbrook) locations local to the participants. Interviews
were conducted with single participants where it was not
possibleto form afocus group of two or more participants aged
18-23 years, or the participant specifically requested to have a
one-on-one discussion. Theinterview followed the focus group
guestion schedule.

Before commencing the discussion, participants were given an
information sheet describing the aims of the study, a consent
form, and short survey to gather information on age, study or
work patterns, and Internet use. All discussions were audio
recorded after written consent was provided by the participants.
A question schedule was used to stimulate discussion and
included open-ended questionsto encourage participantsto give
abroad range of responses. Theinterviewer (equally DH or CR)
prompted the participants where appropriate to elicit more
detailed information. Participants were asked to avoid revealing
their persona experience of contraception and pregnancy but

http://www.jmir.org/2013/1/e10/

Herbert et d

to focus on their reaction to survey questions on these topics.
Other topicsincluded accessto the Internet, preferencefor using
computers, smartphones or other devices, and responding to
sensitive questions. The non-interviewing researcher (equally
DH or CR) took notes throughout and summarized the
discussion to the participants at the end of each discussion and
invited corrections to the recording.

Coding and Analysis

All discussions were de-identified, transcribed verbatim, and
manually analyzed using thematic analysis. Our overarching
aim was to identify important recommendations for research
about contraception and unplanned pregnancy. We were
interested in examining broad themes with which to frame
recommendations, rather than detailed content analysis. We
therefore employed agrounded theory approach [22] to examine
the comments provided in the interview about participation
challenges and survey challenges. Printed interview transcripts
wereread by DH. Statementsthat, directly or indirectly, referred
to participation or survey challenges were identified. Excerpts
were sorted into initial groupings by DH. These excerpts
revedled five themes relating to participation challenges and
seven themes relating to survey challenges. The research team
reviewed these themes and agreed on the coding framework.
All interviews were then coded by DH according to the
identified themes using NVivo 9 (QSR International Pty Ltd.,
2010). JL reviewed the transcripts and coding in detail and any
minor discrepancies were resolved, and interpretations
developed, with in-depth discussion to reach a consensus.

Results

Twenty young women aged 18-23 years participated in the
discussions (Table 1). Focus groups were conducted with five
groups of participants at Dubbo (2 participants in a clinical
setting), Newcastle (2 participantsin aclinical setting), Sydney
(one group of 2 participants and one group of 3 participants,
both inaclinical setting,) and Muswellbrook (6 participantsin
a workplace setting). Due to recruitment difficulties or
participant request, interviews were conducted with single
participants at Tamworth (2 participants in an educational
setting), Sydney (1 participant in a clinical setting), and
Newcastle (2 participantsin aclinical setting). Participantswere
living in urban (n=10) and rural (n=10) NSW; mean age 20.8
years. Half (n=10) of the participants were working only and
not continuing with study after high school: most of these young
women lived in rural areas (7/10). Participants from rural NSW
were younger, working rather than studying, and unlikely to be
attending university compared to participants from urban NSW.
All participants used either computers or smartphonesto access
the Internet on adaily basis.

Two key domains were identified from the discussions:
participation challenges to encourage young women to
participate in aweb-based survey and survey design challenges
to ensure they would complete a survey including sensitive
questions about sexud activity, contraceptive use, and pregnancy
(Table 2). Direct quotes are included to provide contextual
information for the identified domains.
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Table 1. Characteristics of participantsliving in New South Wales (NSW, Australia).

Categories Urban NSW Rural NSW Tota
n=10 n=10 n=20 (%)

Age

18-19 0 5 5(25)

20-21 6 2 8 (40)

22-23 4 3 7(35)
Occupation

Studying 6 1 7(39)

Working 3 7 10 (50)

Studying & working 1 0 1(5)

Full-time mother 0 2 2(10)
Highest qualification

Middle high school 0 2 2(10)

Senior high school 4 5 9 (45)

Technical college 0 2 2(10)

University 6 1 7(35)
Internet use

Daily 10 10 20 (100)
Internet access

Computer 3 4 7(35)

Smartphone 0 2 2(10)

Computer & smartphone 7 4 11 (55)
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Table 2. Thematic analysis of focus group discussions (General = 19-20 participants, Typical = 10-18 participants, Variant = 1-9 participants).

Domains and subdomains Themes Frequency
Participation challenges
Internet access Connect to Internet surveys Generd
Low coverage in some rural areas
Cost of access and download quota
Socia media Daily use of Facebook instead of email General
Free access to Facebook on mobiles
Incentives Prefer financial incentive Generd
Want to know chance of winning prizes
Privacy Confidentiality, trust, and security Typical
Reluctance to provide contact details
Prior knowledge Want to know about the study before being asked to participate Variant
Survey challenges
Format Design of questions Typical
Mix of short and long questions
Up to 15 minutes to complete survey
Eye-catching and bright colors
Content Sensitive questions okay if given option “prefer not to answer” Typical
Relationships Range of potential relationship situations Variant
Committed versus casual relationships
Contraception Some women use the term “protection” Variant
Never heard of some contraceptive methods
Pregnancy Relationship status associated with pregnancy intentions Variant
Feedback Want summary information of findings Variant
Like to compare themselves to the summary
Use of summary to inform their local area
Reminders Continually receiving SMS reminders from range of companies Variant

Will tolerate 2-3 reminders to complete follow-up surveys but restrict to

1/week

Need a deadline to prompt survey completion

Participation Challenges

A recurring theme in the discussions was the ongoing cost of
using the Internet, either on a smartphone, mobile phone or
home computer: “But yes, being on the Internet and it's going
to cost you money ... because the Internet is pricey ... it's just
onceyou're on thereit’'sliketick, tick, tick, money gone.” The
constant awareness of the increasing Internet charges
discouraged participation in aweb-based survey. However, free
access to socia media through most mobile network service
providers resulted in most participants using social media for
almost al personal communications: “At the moment because
I’m with [mobile network provider] ... you get free Facebook
access, so that’sthe only reason why | go on Facebook, because
it's free” The majority of participants suggested the use of
socia media as the “only way” to engage their attention and
raise awareness of the web-based survey.

http://www.jmir.org/2013/1/e10/

An incentive to participate was desired by amost all
participants: “| think it'd probably haveto be like $20 [gift card]
... | do think that people do sometimes get a bit greedy, and it’s
pretty sad that people just won't do it to help people out.”
Privacy and confidentiality were key concerns about
participating in web-based surveys. Partici pants were concerned
about providing their contact details especially if there would
be future unexpected contact: “... and they want to interview
me or, | don’t know, talk to me over the phone, then | wouldn’t
necessarily give it.” Further, participants were worried about
who wanted their information: “It’s not afreaky guy behind the
computer just trying to get information about you” . Participants
also wondered how their responses would be used: “ Just you're
worried about where your information isgoing to go, and who's
going to get it.”
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Survey Design Challenges

Participants wanted the survey to be as short as possible (15
minute maximum) otherwise they were likely to leave the
web-based survey and moveto other websites. Asking sensitive
guestions was appropriate as long as “| prefer not to answer”
was given as a response option:

You might still get people who are going to deny it
when it's true, because I've probably lied in
guestionnaires before about - oh sorry - but certain
questions| waslike, well, | don’t want to answer that.
People would rather put a lie than leave it blank.

In the absence of this response option, most participants
admitted they would give afalse response in the survey.

Participants wanted to receive a combined feedback and
reminder to complete the follow-up surveys because this
information indicated their prior participation had contributed
tosomeresults: “... if you get some results back so you know...
this is what your information gave, so then the next time they
know it’s actually going to do something ... they’re morewilling
to do the survey in the next six months.” Participants from rural
areas identified the benefit of using the feedback to advocate
for change in their own community:

Or you did show a comparison becauseit’srural and

city. Show us the comparison. We're rural, we want

to see where we're lacking and why we haven't got

the same things so that maybe, | don’t know how;, but

we could pitch it towards our community to try and

get it going.
Many participants suggested certain personality typeswho were
proactive, organized, and appreciated the benefits of research
would always be more likely to participate in a web-based
survey than other types of young women.

Discussion

Principal Findings

This study examined two key challenges to researchers in
engaging young Australian women in studies of contraception
and pregnancy. These areas are (1) ensuring adequate
participation and (2) appropriate survey design to ensure the
web-based survey iscompleted. Challengesrelating to achieving
adequate participation in a survey included the adequacy of
participants access to the Internet, the use of social media, and
avoidance of additional financial coststo access the web-based
survey for young women living with socioeconomic
disadvantages. Financial incentives were identified as the most
effective method of ensuring recruitment of participants for
short web-based surveys. Survey design challenges included
the need for the survey to be short, to include the option to not
answer questions, and for participantsto receive feedback about
the results. These challenges indicated that web-based surveys
should be tailored to the needs of young women, especially
those living in lower socioeconomic circumstances.

Implicationsfor Researchers

The web-based recruitment of research participants have been
found to overcome the reluctance of young people to attend
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face-to-face discussions[23] and can reach hidden popul ations,
eg, people with disabilities [10]. The use of the most popular
socia networking site, Facebook, has been identified as effective
for web-based recruitment [14]. Fenner et a (2012) found that
from 7940 Australians who clicked on the Facebook
advertisement of their project, 3.5% went on to participate in
the study. Among the young female participants, 28% were
from arural area, which was higher than the 21% of the target
population from arural area[14]. A USstudy of adult substance
use also recruited through targeted Facebook advertising and
successfully recruited 10% (n=1548) of the 14,808 people who
clicked on the Facebook advertising, met the inclusion criteria
and compl eted the survey [17]. However, web-based recruitment
cannot occur when there isadigital divide beyond economics,
eg, people living in rural Austraia with unreliable or
non-existent Internet availability. Notwithstanding these
limitations, the promotion of research participation to young
people as a means to have a voice, be heard, and contribute to
their community may be the key driver to participate [24]. The
findings of this study have shown that young women, especially
thosein rural areas, may be willing to participate in web-based
research onissuesimportant to them that will help themin their
local community. Further, the clear message from young women
was the need for a social media presenceto grab their attention
and ensure their participation.

One option that has been used to counteract the demographic
challenge presented by the unequal numbers of young women
in rural and urban areas of Australia is the use of a stratified
random sampling frame to ensure young women living in rural
areas arewell represented and the findings are not urban-centric.
Such a sampling frame is an established method, eg, the
AL SWH has a successful history of recruiting and maintaining
three generational cohorts of Australian women using mailed
invitations and surveys|6,25]. However, the preference of young
women to use social mediaor email instead of postal mail limits
the effectiveness of using a similar methodology in a new
generation of young women[14,15]. Participantsin the ALSWH
andinthe Fenner et al (2012) study were broadly representative
of the Austraian female population with recognized
over-representation of higher educated women whether the
participants responded to postal invitations [6] or Facebook
advertising [14]. A limitation of web-based recruitment, eg,
social media, and subsequent volunteer participation is the
potential loss of sample representativeness and generalizability
of the findings. However, a very low response to postal
invitations based on a stratified random sampling frame would
also result in a non-representative sample of young women. A
challenge for researchers is to adapt to generational changes
within their target population and choose the least limiting
web-based methodology while ensuring sufficient statistical
power from their sample.

This study has identified key design features of a web-based
survey to increase the likelihood of young women’s ongoing
commitment to follow-up web-based surveys. Young women
need to be reassured that their anonymity and confidentiality
are maintained. They need to feel supported and secure that the
researchers conducting the survey arelegitimate and trustworthy
by having recognizablelogos and contact details. Young women
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agreed that university and government logos were seen asmore
legitimate than other novel logos viewed on websites, and these
logos would encourage their participation. Feedback was
imperativeto ensuretheir continued commitment to the research.
A study from the University of Wisconsin, USA, showed the
suggestion of sending future email reminderstofinishapartialy
completed survey was sufficient to encourage participants to
immediately finalize the survey [26]. Further, the findings
reported from this current study showed young women had a
limited tolerance of reminders and preferred a short survey to
be completed as quickly as possible.

This study successfully engaged agroup of young women from
rural and urban NSW in the devel opment of aweb-based survey
of contraception and unplanned pregnancy. The findings of
these discussions have implicationsfor the research design and

Herbert et d

contraception, and pregnancy, which must include potentially
sensitive questions [27]. It isimperative to offer young women
an appropriate range of response options to avoid forced
responsesthat create false or blank reporting [27]. Reliable data
are needed in order to make recommendations for policy and
clinical practice interventions to reduce rates of unintended

pregnancy.
Conclusions

Information about contraception use and pregnancy intention
in young Australian women is essential to inform policy but
dataarelacking, especially for thoselivinginrural areas. Based
on our findings, future research efforts are needed to understand
the full extent of the role social media and incentives play in
the decision of young women to participate in web-based

. i o © research.
implementation of web-based surveys about sexual activity,
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Abstract

Background: Guideline developers use different consensus methods to develop evidence-based clinical practice guidelines.
Previous research suggests that existing guideline development techniques are subject to methodological problems and are
logistically demanding. Guideline devel opers welcome new methods that facilitate a methodologically sound decision-making
process. Systems that aggregate knowledge while participants play a game are one class of human computation applications.
Researchers have already proven that these games with a purpose are effective in building common sense knowledge databases.

Objective: We aimed to evaluate the feasibility of a new consensus method based on human computation techniques compared
to aninformal face-to-face consensus method.

Methods: We set up arandomized design to study 2 different methods for guideline development within a group of advanced
students completing a master of nursing and obstetrics. Students who participated in the trial were enrolled in an evidence-based
health care course. We compared the Web-based method of human-based computation (HC) with an informal face-to-face
consensus method (1C). We used 4 clinical scenarios of lower back pain as the subject of the consensus process. These scenarios
concerned the following topics: (1) medical imaging, (2) therapeutic options, (3) drugs use, and (4) sick leave. Outcomes were
expressed as the amount of group (dis)agreement and the concordance of answerswith clinical evidence. We estimated within-group
and between-group effect sizes by calculating Cohen’s d. We calculated within-group effect sizes as the absolute difference
between the outcome value at round 3 and the baseline outcome value, divided by the pooled standard deviation. We calculated
between-group effect sizes as the absolute difference between the mean change in outcome value across rounds in HC and the
mean changein outcome value acrossroundsin IC, divided by the pooled standard deviation. We analyzed statistical significance
of within-group changes between round 1 and round 3 using the Wilcoxon signed rank test. We assessed the differences between
the HC and I C groups using Mann-Whitney U tests. We used a Bonferroni adjusted alphalevel of .025 in all statistical tests. We
performed athematic analysis to explore participants’ arguments during group discussion. Participants completed a satisfaction
survey at the end of the consensus process.

Results: Of the 135 students completing a master of nursing and obstetrics, 120 participated in the experiment. We formed 8
HC groups (n=64) and 7 IC groups (n=56). The between-group comparison demonstrated that the human computation groups
obtained a greater improvement in evidence scores compared to the IC groups, although the difference was not statistically
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significant. The between-group effect size was 0.56 (P=.30) for the medical imaging scenario, 0.07 (P=.97) for the therapeutic
options scenario, and 0.89 (P=.11) for the drug use scenario. We found no significant differences in improvement in the degree
of agreement between HC and I C groups. Between-group comparisons revealed that the HC groups showed greater improvement
in degree of agreement for the medical imaging scenario (d=0.46, P=.37) and the drug use scenario (d=0.31, P=.59). Very few
evidence arguments (6%) were quoted during informal group discussions.

Conclusions: Overall, the use of the |C method was appropriate as long as the evidence supported participants’ beliefs or usual
practice, or when the availability of the evidence was sparse. However, when some controversy about the evidence existed, the
HC method outperformed the | C method. Thefindings of our study illustrate the importance of the choice of the consensus method
in guideline development. Human computation could be an acceptable methodology for guideline development specifically for
scenarios in which the evidence shows no resonance with participants' beliefs. Future research is needed to confirm the results
of this study and to establish practical significance in a controlled setting of multidisciplinary guideline panels during real-life

guideline development.

(J Med Internet Res 2013;15(1):€8) doi:10.2196/jmir.2055
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with a purpose

Introduction

Evidence-based clinical practice guidelines can be defined as
“systematically developed statementsto assist practitioner and
patient decisions about appropriate health care for specific
clinical conditions’ [1]. They are intended to help physicians
implement the burgeoning amount of scientific evidence on
current medical best practices.

The development of clinical practice guidelines requires a
systematic and transparent process, in which the
recommendations of the clinical practice guideline (CPG) are
explicitly linked to the clinical evidence. However, guidelines
cannot be deduced from evidence alone, and expert opinions
are needed to contextualize the evidence to the target population
[2]. Furthermore, when evidence does not exist, or when there
islittle or incomplete evidence, the personal opinion of experts
becomes more important [2]. Common methods for guideline
development include the Delphi method, the nominal group
technique (NGT), and the consensus development conference

(3].

The high cost in time, resources, and efforts needed for the
Delphi method, and the intensive commitment required for the
NGT, pose important practical and logistic problems [3].
Various socia-psychological influences on group discussion
and decisions play an important role when face-to-face meetings
or the NGT are used in the guideline development process.
Previous research suggests that clinical evidence hasavariable
influence on guideline recommendations because of these
social-psychological influences [4]. The variable influences of
the clinical evidence, in turn, have an important impact on the
validity and the quality of the guideline content as well as the
implementation and effectiveness of the guideline [5,6].

Conducting the consensus devel opment process entirely online
isan approach that can addressthese concerns[7-10]. Anonline
consensus process has the potential to involve a lot of
participants and stakehol ders, while offering organizational and
logistic advantages in terms of cost and time savings.
Social-psychological  influences inherent in traditional

http://www.jmir.org/2013/1/e8/

face-to-face meetings could be eliminated by anonymously
implementing the consensus process online. Explicit methods
could be used to aggregate opinions.

Human-based computation is a technique in computer science
in which the problems that a computer cannot yet solve are
outsourced to humans. One class of human-based computation
applications are the systems in which the tasks outsourced to
humans are packaged as a game. These applications are called
games with a purpose (GWAP). Theidea behind these systems
is to take advantage of people's desire to be entertained while
performing useful tasks as a side effect. This approach is
effective in building large knowledge databases, but to date it
has no known practical applicationsin medicine [11-13].

Based on the principles of successful GWAP, we devel oped the
CPGame (clinical practice game) application as a new method
for guideline development. We built a prototype based on
human-based computation techniques and the goals of the
experiment. Our objectives were threefold: (1) to investigate
the similarities or differences in degree of agreement and
evidencewith aninformal consensus method to explore whether
the human-based computation method is avaluable alternative,
(2) to investigate arguments in decision making during group
discussion, and (3) to explore perceptions and opinions about
the consensus method. The objectives of the study were
hypothesis-generating in the first place.

Methods

Design

We performed arandomized controlled trial (RCT) to compare
thefeasibility of the human-based computation method with an
informal consensus method using a face-to-face meeting.
Different consensus groups participated in the trial. Each of
these groups consisted of 8 participants [14,15].

We devel oped 4 multiple choi ce scenariosinvolving lower back
pain. An example scenario isincluded as Multimedia A ppendix
1. Participants were asked to indicate their preference between
several options for the given scenario. The 4 scenarios were
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totally different in content and concerned the following topics:
(1) medical imaging, (2) therapeutic options, (3) drug use, and
(4) sick leave. The first 3 scenarios included clear levels of
clinical evidence for each of the answers participants could
choose from. No clinical evidence was included for the fourth
scenario. The evidence for the scenarios was selected based on
a previous systematic review of the Belgian Health Care
Knowledge Center [16]. The evidence was graded by the
Belgian Health Care Knowledge Center using the GRADE
system [17]. The quality of the evidence was classified ashigh,
moderate, low, or very low.

Students completing a master of nursing and obstetrics at the
University of Leuven participated in the experiment whiletaking
acourse in evidence-based health care. All of the participants
already had abachelor of nursing and practical experience. They
all had baseline knowledge about lower back pain that was
sufficient to judge the clinical scenarios. They also had sufficient
knowledge in evidence-based health care to understand the
evidence terms and the scientific meaning of the levels of
evidence. Therewereno exclusion criteria, and all students had
Internet experience.

Intervention and Controls

We devel oped the CPGame application based on human-based
computation techniques. The human-based computation method
is comparable to an online Del phi method packaged as a game.
CPGameisareal-time collaborative application writtenin PHP,
JavaScript, and Ajax. We used a MySQL database as the data
repository. We pilot tested the technical robustness of the
application with a group of traineesin family medicine.

Each participant in the HC groups was anonymously paired
with another participant. The 2 participants played in a team
against the other teams of 2 participants (giving 4 teams of 2
students in each group). Participants were given a user 1D and
password to log on to the CPGame application. The 2
participants on each team were given the same multiple choice
guestionnaire about a clinical scenario (Figure 1).

Independently of each other, both participants on a team gave
their opinion about the case by choosing their preferred answer
from the multiple choice list. When they had given their
answers, the application displayed a message stating whether
or not they reached consensus. If they reached consensus, they
were given the next clinical scenario. If they did not reach a
consensus, the application displayed the evidence for each
answer and the answer of the teammate (Figure 2).

Each participant was given one chance to change his or her
answer to try to reach consensus on a second attempt. After all
theteamsresponded to all 4 scenarios, the CPGame application
displayed the answers of al participants and the level of
agreement between participants (Figure 3). Each participant
reflected on his or her opinion and gave hisor her final decision
individually in athird round.

http://www.jmir.org/2013/1/e8/
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The game behind the human computation application consisted
of a point system, a high-score list, and time pressure. These
elements are described in theliterature as being salient features
that make GWAP fun [18]. The application determined team
ranking based on the time in which ateam completed all cases,
the number of times consensus was reached, and the number of
times the time limit was exceeded. Team ranking was only
added as a competition element to make the consensus process
more fun; it was not used as an outcome in final analysis. The
third consensus round took place after team ranking was
determined, to avoid a possible influence in the end results due
to the competition element. The rules of the game were given
to each participant on paper before the start of the game.

All participants completed the experiment in the same room at
the same time. This one-room setting was possible because
students participated in the trail during their course in
evidence-based health care and had to come to the building for
their class. A moderator was in the room in case there were
technical problems during the experiment. The CPGame
application was originally designed to be a self-directed process
in which users independently participate online at their home.

The online approach to human-based computation (HC) the
informal consensus method was comparable with a traditional
face-to-face meeting. We took several measures to make both
HC and IC methods comparable; the only difference was the
mode (face-to-face versus Web-based packaged as a game).

The content of the scenarios and the evidence were similarly
presented in both HC and IC groups. Before the start of the
informal consensus process, each participant individually
indicated hisor her preference between several optionsfor each
scenario in the first round. After this first round, participants
were randomly grouped into teams of 2, they were given the
evidence for each treatment option, and each team discussed
the cases. The discussion within the teams of 2 students was
added as an additional step in the consensus process to ensure
the points of measurement were equal between the 2 methods
being reviewed. Each participant individually re-rated each
scenario in the second round. After the second round, al 8
participants met in one group. A moderator, with experiencein
coordinating small groups, managed the discussion based on a
written protocol designed to standardize the meetings. At the
meeting, participantsweretold the judgments of the other group
members and the research evidence. As a group, participants
discussed each scenario and explored reasons for differences
in opinions. After the group meeting, each participant
individually re-rated each scenario in the third round.

Participants in neither the IC groups nor the HC groups were
given incentives to participate in the experiment. The possible
incentive of winning the gamein the HC groupswas neutralized
by the introduction of alast consensus round outside the game.
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Figure 1. Screen capture of a multiple choice scenario in the CPGame application.
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Figure 3. Screen capture of the final page in the CPGame application, showing the answers of all participants, the level of evidence, and the level of

agreement between participants.
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Randomization Procedure

All studentswereinvited to participatein thetrial aweek before
the experiment by one of the researchers. Participants were
randomly assigned to 1 of the 2 groups (HC or IC) following
simple randomization procedures. One of the researchers
performed the randomization with an electronic random-list
generator, initially in 1:1 ratio. A second step in the
randomi zation procedure consisted of assigning individuals an
additional consensus group number.

When they entered the computer room, participants of the
human-based computation group blindly chose an envelope at
random with auser ID and password to log on to the CPGame
application. The envelope contained a number from 1 to 8.
Numbers 1 and 2 played the game in ateam, numbers 3 and 4
wereateam, etc. Participants did not know each other’'s numbers
and did not know who would be on each team. We used the
same randomi zation procedurein theinformal consensus group
after first round ratings were completed. Participants blindly
chose an envelope at random with a number from 1 to 8.
Predetermined pairs of numbers were used to form the teams.

Group assignments were given just before the start of the
experiment. Although participants knew they were participating
in aguideline devel opment project about lower back pain, they
did not know the outcomes and the goals of the project before
participation. Researchers were not blinded to allocation, but
outcomes were objective measures.

http://www.jmir.org/2013/1/e8/

9/01/2013

Outcomes and Statistical Analyses

General

We conducted descriptive statistics and graphical displays to
describe the sample population. Baseline data about the
participants’ gender and age were compared using chi-square
and Mann-Whitney U tests, as appropriate.

There were 3 points of measurement: (1) before the consensus
process (round 1), (2) during the consensus process (round 2),
and (3) at the end of the consensus process (round 3). Primary
outcomesfocused on the change of opinionstowards consensus
and towards evidence between round 1 and round 3. An analysis
of the group’s level was warranted because of our interest in
group decision making. As the group’s outcomes were treated
as individual observations, we had not taken the clustering of
individuals within a discussion group into account. It was
appropriate to analyze the 4 scenarios separately because they
were totally different in content. As such, degree of
(dis)agreement and degree of evidence were calculated for each
of the clinical scenarios. We used a Bonferroni adjusted alpha
level of .025 (.05/2 outcome measures for each clinical scenario)
for all statistical tests. Predictive Analytics SoftWare Statistics
18 was used for statistical analyses.

Amount of (Dis)agreement

We used akappa statistic to expressthe degree of (dis)agreement
within a group at the different rounds. We estimated the
within-group change between round 1 and round 3 by Cohen’'s
d (calculated as the absol ute difference between the kappavalue
at round 3 and the baseline kappa value at round 1, divided by
the pooled standard deviation). We analyzed the statistical
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significance of within-group differences between round 1 and
round 3 using Wilcoxon signed rank test.

We cal cul ated between-group effect sizesfor the differencesin
the change in agreement between the HC and | C groups to get
anideaof the magnitude of theintervention effect on the amount
of (dis)agreement. We cal cul ated between-group effect sizes or
Cohen’'s d as the absol ute difference between the mean change
in agreement across rounds in HC and the mean change in
agreement across roundsin I C, divided by the pooled standard
deviation. We assessed differences between the HC and IC
groups in the change in degree of agreement using
Mann-Whitney U tests. Final kappa scores were not adjusted
for their baseline values because the subjects of comparison
were the differences in the change in agreement across rounds,
not the differencesin final agreement.

Amount of Concordance with Clinical Evidence

We calculated a group’s evidence score to have an idea of the
degree of evidence in the answers of each group. We assigned
different points to the different levels of evidence. An answer
for which a high level of evidence existed got 4 points, a
moderate level of evidence got 3 paints, alow level of evidence
got 2 points, and a very low level of evidence got 1 point.
Answers for which there was evidence against got the same
points with the opposite sign. Evidence points were multiplied
by the number of participants who chose an answer with that
level of evidence. The total sum was divided by the highest
possible group’s evidence score for the specific clinical question.
An evidence score of 1 meant that all group members chosethe
answer with the highest level of evidence.

We estimated the within-group change in evidence score
between round 1 and round 3 by Cohen’'s d (calculated as the
absol ute difference between the evidence score at round 3 and
the baseline evidence score at round 1, divided by the pooled
standard deviation). We analyzed the statistical significance of
within-group differences between round 1 and round 3 using
Wilcoxon signed rank test.

We cal culated the between-group effect sizesfor the differences
in the change in evidence score between the HC and | C groups.
We calculated the between-group effect sizes or Cohen'sd as
the absolute difference between the mean change in evidence
scores across rounds in HC and the mean change in evidence
scores across rounds in IC, divided by the pooled standard
deviation. We assessed differences between the HC and IC
groupsin the change in evidence score using Mann-Whitney U
tests.

http://www.jmir.org/2013/1/e8/
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Thematic Analysis

We used a hidden camera to record meetings of the informal
consensus groups to explore arguments in each group’'s
decision-making process. Hiding the camera was necessary to
avoid socia-psychological influences that arise with the
awareness of recording. Two analystsanonymously transcribed
and independently coded the recorded meetings of the
face-to-face groups. Each communicative function within an
utterance was defined as a dial ogue act. Each dialogue act was
coded and classified under atheme. We developed apreliminary
list of themes based on the published list of themes created by
Gardner et a [4]. We applied this preliminary list to the
transcripts and adapted it to the specific situation of our
populations.

We used the length of discussion time as a process measure of
the group discussion. Discussion time was defined asthe elapsed
time between the start and the end of agroup’s decision-making
activities.

We gave the students a paper questionnaire after the consensus
process to explore perceptions about the consensus method.
After the experiment, participants in the informal consensus
group were notified about the hidden camera. Offline, we
obtained informed consent to use the results for analysis from
all participants. If one of the participants did not agree to allow
us to use the hidden camera footage, we did not use the
recordings and results of that group.

We obtained approval from the University Hospitals Leuven
Medical Ethics Committee for this study in December 20009.
The full protocol and the approval form can be obtained from
the corresponding author.

Results

A total of 120 out of 135 students completing a master of
nursing and obstetrics participated in the experiment. The
participantsformed 8 HC and 7 | C groups. Fewer students than
expected attended the experiment, so only 7 instead of 8
informal consensus groups could be constituted. A total of 3
students were not assigned to groups. They participated as
observers of the group’s process and were not included in
analysis. All participants who were randomly assigned to a
group were analyzed in their original assigned groups (Figure
4).

The 2 groups were similar in terms of age and gender. There
were no statistically significant differencesin baseline evidence
score and baseline agreement at round 1 (Table 1).
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Table 1. Baseline demographic data and outcome scores.

Heselmans et d

Human-based computation

Informal consensus

(8 groups, 64 participants) (7 groups, 56 participants)
Year of birth 1986 1986
n (%) female 56 (88%) 50 (89%)

Evidence score

Medical imaging (95% Cl)

-0.15 (-0.40 to 0.10)

-0.14 (-0.32 t0 0.04)

Therapeutic options (95% ClI) 0.67 (0.51t00.82) 0.81 (0.721t0 0.89)

Drug use (95% CI) 0.43 (0.31t0 0.55) 0.49 (0.36 t0 0.63)
Degree of agreement

Medical imaging (95% ClI) 0.29 (0.25t0 0.32) 0.29 (0.22t0 0.36)

Therapeutic options (95% ClI) 0.45 (0.27 10 0.62) 0.5(0.31t0 0.69)

Drug use (95% ClI) 0.21(0.11t0 0.31) 0.25(0.11t0 0.38)

Sick leave (95% CI) 0.52 (0.37 t0 0.66) 0.60 (0.34 t0 0.85)

Figure 4. Flowchart showing participantsin the trial.

135 students invited to participate

12 students {9%) did not attend the
evidence-based health care course at

123 students agreed to participate

the day of the experiment

/

N

66 students randomized
to the human-based
computation group

57 students randemized to
the informal consensus
group

2 students observed
one of the group

1 student cbserved
one of the group

processes
64 students participated

and analyzed In the human-
based computation group

processes
56 students participated

and analyzed in the
informal consensus group

Amount of (Dis)agreement

Within-group effect sizes (Cohen’s d) varied between 0.26 and
2.53in the HC groups and were statistically significant for the
therapeutic options scenario (d=1.44 with P=.02) and for the
drug use scenario (d=2.53 with P=.01). Within-group effect
sizesin the |C groups varied between 0.39 and 2.33. IC groups
showed a significant improvement in the degree of agreement
for the therapeutic options scenario (d=2.33 with P=.02). No
significant differences in improvement of degree of agreement

http://www.jmir.org/2013/1/e8/

RenderX

were found between HC and IC groups. Between-group
comparisons revedled that the HC groups showed greater
improvement in degree of agreement for the medical imaging
scenario (d=0.46 with P=.37) and the drug use scenario (d=0.31
with P=.59). The opposite was true for the therapeutic options
scenario (d=-0.9 with P=.10) and the sick leave scenario
(d=-1.25with P=.05). The changein degree of agreement across
the 3 rounds, within-group effect sizes, and between-group
effect sizesare displayed in Figures5to 8.
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Figure5. Amount of (dis)agreement for the medical imaging scenario.
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Figure 6. Amount of (dis)agreement for the therapeutic options scenario.
£ 08 —
5206 | —
€807 1
2RO ——
< £ 1 2 3
Rounds
Round 1 (95% Cl) |Round2(95% CI) |Round3(95% Cl) | Within-group | P | Between-group| P
effect size effect size
0.45 (0.27 to0 0.62) | 0.65 (0.44 to 0.85) |0.74 (0.54 t0 0.94) | 1.44 02°
-0.90 .10
IC(n=7){0.5(0.31t00.69) |0.82(0.71t0 0.93) |0.99 (0.99 to 0.99) |2.33 .02°

? Statistically significant at P =.025

http://www.jmir.org/2013/1/e8/

XSL-FO

RenderX

JMed Internet Res 2013 | val. 15 | iss. 1 [e8 | p.234

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 7. Amount of (dis)agreement for the drug use scenario.
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0.21(0.11 to 0.31) | 0.34 (0.26 to 0.42) |0.51 (0.40 to 0.62) |2.53 01°
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? Statistically significant at P =.025
Figure 8. Amount of (dis)agreement for the sick leave scenario.
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effect size effect size
0.52 (0.37 to 0.66) |0.54 (0.40 to 0.67) | 0.54 (0.40 to 0.67) 0.26 32
-1.25 .05
IC(n=7){0.60(0.34 to 0.85) | 0.68 (0.46 to 0.90) | 0.88 (0.68 to 0.99) 1.05 .08

Concordance with Clinical Evidence

After 3 rounds, the mean evidence scoreincreased for al clinica
scenarios in both groups. Within-group changes showed a
significant improvement in evidence score for the drug use
scenario in the HC groups (d=3.67 with P=.01) and for the
therapeutic options scenario in the IC groups (d=2.11 with
P=.02). The between-group comparison demonstrated that the
human-based computation groups obtained a greater

http://www.jmir.org/2013/1/e8/

RenderX

improvement in evidence scores compared to the IC groups,
although the difference was not dstatistically significant.
Between-group effect size was 0.56 (P=.30) for the medical
imaging scenario, 0.07 (P=.97) for the therapeutic options
scenario and 0.89 (P=.11) for the drug use scenario. Figures 9
to 11 show the change in mean group’s evidence score across
the 3 rounds, within-group effect sizes and between-group effect
sizesfor the different clinical scenarios.
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Figure 9. Concordance with clinical evidence for the medical imaging scenario.
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Figure 11. Concordance with clinical evidence for the drug use scenario.
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0.89 A1
IC(n=7)]0.49(0.36 t0 0.63) | 0.68 (0.51 to 0.85) |0.70 (0.48 to 0.93) | 0.67 .09

b Statistically significant at P = .025

Thematic Analysis

Figure 12 showsthe frequencieswith which the different themes
appeared across the meetings. The results show a greater focus
onclinical preferencethan on clinical evidence. Themesrelating
to clinical judgment or preference occurred the most (177/369,
48% arguments), while there were relatively few arguments
explicitly pro evidence (23/369, 6% arguments). Group
discussions were characterized by ahigh degree of uncertainty,
which is shown by the high percentages (87/369, 24%) in
category V, and few references to own or other’s clinical

Table 2. Satisfaction scores.

experiences (23/369, 6%). Only 5 out of 369 agreements (1%)
could be classified under the category “reference to other
guidelinesor literature” All individual meetingsfollowed more
or less the same patterns in themes. A mean Cohen’s kappa of
0.77 was reached for interanalyst agreement.

Mean discussion time for the 4 clinical scenarios was 32.9
minutes (+ 6.5 minutes) in the IC groups and 14.6 minutes (+
2.2 minutes) in the HC groups. Analysis of the time intervals
revea ed astatistically significant shorter discussion timeinthe
HC groups compared to the IC groups (P=.001). Participant
satisfaction scores are shown in Table 2 and 3.

Human-based computation  Informal consensus

method (HC) method (IC)
n (%) n (%)
| am satisfied with the group answer Strongly agree 7(11) 12 (21)
Agree 30 (48) 30 (53)
Undecided 21(33) 11 (20)
Disagree 5(8) 2(4)
Strongly disagree 0(0) 1(2)
63 (100) 56 (100)
| find the levels of evidence important when  Strongly agree 32 (50) 18(32)
making my decision Agree 25 (39) 32 (57)
Undecided 6(9) 5(9)
Disagree 1(1) 1(2
Strongly disagree 0(0) 0(0)
64 (100) 56 (100)
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Table 3. Decision-making scores.

Heselmans et d

| would describe the decision-making process as:

Efficient 1 2 3 4 5 Not efficient
n (%) n (%) n (%) n (%) n (%)

HC 6 (10) 30 (48) 14 (23) 12 (19) 0(0)

IC 11 (20) 27 (48) 15 (27) 1(2 2(4)

Figure 12. Percentage of argumentsin the different categories of the coding scheme.

60
50
40
30
20
10

Percentage

Category

Discussion

Principal Results

For the cases with evidence, changesin answers across rounds
were more evidence-based in the HC groups compared to the
IC groups. HC groups obtained a greater improvement in
evidence scores compared to the IC groups. The anonymity of
the participants in the HC game evidently avoided direct
social-psychological influencing, as intended.

Differences in the improvement in agreement across rounds
were better in the HC groups for the medical imaging scenario
and the drug use scenario, but not for the therapeutic options
scenario. The evidence score for that scenario was already
relatively high starting at round 1 inthe |C groups. The evidence
supported students' beliefs, values, and preexisting opinions
and little group pressure was needed to convince a few
individuals to reach full consensusin the IC groups.

For the sick leave scenario, which did not include clinical
evidence, the informa consensus (IC) groups demonstrated
closer group agreement compared to the human computation
(HC) groups. Opinions were more likely to shift when groups
met face-to-face, as suggested by the study of Hutchings et al
[19]. The choice of the degree of (dis)agreement as a process
measure assumed that consensusis agood outcome and that |C
groups fared better for the scenario without evidence. Many
guideline devel operswould disagree with the fact that consensus
is a good outcome. Although we acknowledge this point of
view, we believe it was appropriate to use kappa values as a
process measure because reaching consensusisthe primary goa
of each consensus process.

http://www.jmir.org/2013/1/e8/

RenderX

| Role of evidence in recommendations
I.I Arguments PRO evidence
1.1l (Clinical) judgement VERSUS evidence
Il Decision making in absence of clinical arguments
Il Clinical judgement, conviction or preference
IV Reference to own or other’s clinical experience or
research
V  Searching for best practice
VI Reference to other guidelines/literature

Supplying the evidence at round 2 had an influence on group
judgment (shown by the positive within-group Cohen’s d for
the evidence score) aswell inthe HC groupsasin the | C groups.
However, thematic analysis in the IC groups revealed that
choices were more likely to be based on clinical judgment or
conviction, rather than on clinical evidence (as supported by
Raine[20]). Thefew evidence argumentsin the IC groups (6%)
were in sharp contrast with the results of the questionnaire,
where 89% of the participants in the IC groups perceived the
influence of the evidence as important. Perceptions did not
correspond with arguments used in practice.

Hutching et a [19] demonstrated earlier that direct exposure to
arguments and (dominating) personalities could lead guideline
development groups in different directions. The anonymity of
the participants in the HC groups eliminated important aspects
of socia-psychologica influences, which gained the upper hand
inthelC groups. It issurprising that so little evidence arguments
were quoted in the | C groups. These findings could confirm the
idea of Sauerland et a [21] that evidencein IC groupsis used
to confirm preexisting opinions, rather than to change them.

Limitations of the Study

There were some methodological and practical limitations to
our study. The limited number of clinical scenarios, especialy
for the type of case without evidence, may reduce the
generalization of the results. It was a proof-of-concept
hypothesis-generating study, so we did not power the study
before the start. The obtained power was not robust enough for
areliable detection of abetween-group effect, which increased
our chance of false-negative conclusions concerning statistical
significance.
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The high degree of variability between the individual groups
may be seen as redlistic reflections of variations in clinical
perspective. However, it also confirms the importance of the
composition of the guideline panel and the choice of the
moderator [22-25]. What is to be decided is often aready
determined with the selection of the deciders [26]. The effect
of the panel composition should be minimal because it
concerned a rather homogeneous population (students in an
evidence-based heath care course) randomized to the different
groups (HC or IC). Although in contrast with real
multidisciplinary guideline panels, we chose a rather
homogeneous group of students with limited expertise as the
subject of the experiment to partly control for the
social-psychological influencesrising from multistatus groups.
The choice of the study population was appropriate based on
the research, which explored the influence of the consensus
method on the change of opinions towards consensus and
evidence, rather than the content of consensus. We decided that
a high degree of lower back pain specialization was not
necessary in this preliminary phase of the research. Because of
the exploratory and early phase nature of the work, the choice
of these participants with baseline knowledge about lower back
pain was justified. We stressed spontaneous group interaction,
rather than reaching consensus, to minimize the influence of
the moderator.

Time intervals did not represent real discussion times in
multidisciplinary guideline panel s because of the af orementioned
differences between our discussion groups and these expert
panels. However, time analysis demonstrated the potential of
the human-based computation method to be an efficient
consensus method. The thematic analyses may also differ from
discussions in expert groups or other guideline devel opment
groups. Participantswere not specialized in one medical domain
and did not have the intention to over-state the effectiveness of
their specialist intervention, which may have reduced the amount
of contentious issues. The thematic analyses also reflected the
attitude towards clinical practice of a new generation of
professional s recently educated in evidence-based health care.

We gave equal weighting to the different levels of evidencein
our calculation of the evidence score. We are aware that not all
people give equal weightsto adifference between evidencelow
and evidence moderate, or evidence moderate and evidence
high, etc. However, the literature did not provide a scientific
basisto assign unequal weightsto the different evidence levels.
As a consequence, equal weighting of the different evidence
levels was considered as appropriate as unequal weighting.

Another limitation of the study is the lack of a third online
Delphi group without a game component to allow us to
separately study the effect of the online approach and the effect
of the game itself. While eliminating social-psychological
influencesinherent in face-to-face groups, weintroduced anew
psychological element of competition in the HC groups due to
the game component. This could have influenced the results at
round 2, but did not affect our final results. Participants got the
chance to reconsider their answers in athird individual round
after finishing the game.

http://www.jmir.org/2013/1/e8/
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The students participated in the experiment during the hours of
their class in evidence-based health care. Because of this, we
could easily conduct the experiment with all the participantsin
one room. No additional logistic facilities were required;
students had to come to the building for their class. Thisisin
contrast to the suggested advantages of an online process, where
experts participate at home. However, the method was originally
designed to be a self-directed process, participants worked
individually on acomputer during the experiment, and no verbal
communication with the moderator took place. Therefore, we
believe the results could be easily generalized to a real-world
online process.

Relation to Other Studies

Relatively few studies compared different consensus methods
for guideline development. Many of them differed in the
consensus methods they compared or in the way they
operationalized the method. Washington et a [9] and Kadam
et d [22] did not demonstrate differences in final ratings
between the consensus methods. Shekelle et al found limited
differences in their study [27]. Hutching et a [19] showed
greater within-group agreement in nominal groups compared
with Delphi groups, which was contrary to the earlier research
of Leape et al [28]. The systematic review of Murphy et a [3]
concludes that forma methods generally perform better than
informal ones and may be better for consensus devel opment.

Our newly developed method of guideline development by
human-based computation proved very useful intheintroduction
of clinica evidence arguments, while neutralizing for
social-psychological influences by authoritarian opinions.

The findings of our study illustrate once more the importance
of the choice of the consensus method in guideline devel opment.
Giving the same evidence summary and using a consensus
process, HC and I C groups could cometo different group views.
The influence of the consensus method seemed to depend on
the type of clinical question. Overall, the use of the informal
consensus method may be appropriate as long as the evidence
supports participants' beliefs or usual practice, or when the
availability of the evidence is sparse. However, when some
controversy about the evidence exists, one could doubt the
appropriateness of the informal consensus method. Because
guideline programs are intended to reduce inappropriate
variations in health care, guidelines are more important for
clinical questions where the evidence shows no resonance with
participants' beliefs. Human computation outperformed the
informal consensus method for this type of clinical questions.

Human Computation: an Acceptable Method for
Guideline Development?

Participants perceived the human-based computation method
as pleasant and enjoyable. Satisfaction was similar in the HC
and IC groups. Only 3 out of 56 participants (5%) were
dissatisfied with the group answer in the | C groups, while 5 out
of 63 participants (8%) were dissatisfied inthe HC groups. This
is in contrast to the literature on computer-mediated
communication versusface-to-face groups[10,29], where | ower
satisfaction is reported in computer groups in general. The
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additional game component in the computer groups could be a
possible explanation for these higher satisfaction levels.

However, the mgjor strengths of the method (the anonymity of
panelists, the elimination of social-psychological influencesin
face-to-face meetings, and the possibility to participate in an
online development group from a distance) was at the same
time areason for lower satisfaction. Participants perceived lack
of group discussion and interaction in the HC groups as a
negative aspect of the method. Participants seemed to need the
opportunity to find out reasons for other members decisions
[3]. Although the human-based computation method has the
potential to offer advantages in terms of logistics and more
objective decision making, participants perceived the method's
efficiency more negatively in the human-based computation
group than in the informal consensus group. Of the 62 in the
HC groups participants, 12 (19%) were dissatisfied with the
efficiency of the HC method, while 3 out of 56 participantsin
the IC groups (5%) were dissatisfied with the efficiency of the
informal consensus method. This was probably related to the
lack of understanding of other participants’ arguments.

The current format of the CPGame application wasbuilt for the
purposes of the experiment. This prototype was essential to test
the feasibility and the acceptability of the specific method for
guideline development. However, if it isto be useful in practice,
amore complex application will be needed.

We believe it is important to draw on the advantages of both
methods (human-based computation and face-to-face meetings)
in view of future system improvements. The exploration of
group views should be incorporated, while maintaining the
existing advantages of human-based computation. A hybrid
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method could be considered, including an extra button to ask
for the arguments of other players to complement the human
computation method. An extension to an asynchronous mode
would also allow large-scale advantages and |et people choose
when they participate in the process. We chose the current
format of multiple choice questions to test the feasibility of the
method because of its plainness. Extensions to other question
formatsare also feasible and probably more adapted to guideline
development.

Conclusions

Thefindingsof our study illustrate theimportance of the choice
of the consensus method in guideline development. Giving the
same evidence summary and using adifferent consensus process,
two groups can come to different group views, which implies
a considerable risk towards conflicting guideline
recommendations on the same topic.

Human computation could be a time efficient and acceptable
methodology for guideline development specifically for
scenarios in which the evidence shows no resonance with
participants' beliefs. Changesin evidence scores and agreement
after 3roundswere higher in HC groups compared to | C groups
for this type of scenario. Controlled feedback is given while
eliminating the social-psychological components of a group
process. Level of evidence and level of agreement are separated,
which could increase transparency of the guideline-devel opment
process.

Futureresearch is needed to confirm the results and to establish
practical significancein acontrolled setting of multidisciplinary
guideline panels during real-life guideline devel opment.
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Multimedia Appendix 1

Example of a multiple-choice questionnaire based on aclinical scenario involving lower back pain.

[PDF File (Adobe PDF File), 9KB - jmir_v15i1e8 appl.pdf |

Multimedia Appendix 2
CONSORT E-health checklist V1.6.1 [30].

[PDE File (Adobe PDF File), 572KB - jmir_v15i1e8_app2.pdf ]
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Abstract

Background: Approximately 300,000 people suffer sudden cardiac arrest (SCA) annually in the United States. Less than 30%
of out-of-hospital victims receive cardiopulmonary resuscitation (CPR) despite the American Heart Association training over 12
million laypersons annually to conduct CPR. New engaging learning methods are needed for CPR education, especially in schools.
Massively multiplayer virtual worlds (MMVW) offer platforms for serious games that are promising |earning methods that take
advantage of the computer capabilities of today’s youth (ie, the digital native generation).

Objective: Our main aim wasto assess the feasibility of cardiopulmonary resuscitation training in high school students by using
avatarsin MMV M. We a so analyzed experiences, self-efficacy, and concentration in response to training.

Methods: In this prospective international collaborative study, an e-learning method was used with high school students in
Sweden and the United States. A software game platform was modified for use as a serious game to train in emergency medical
situations. Using MMVW technology, participants in teams of 3 were engaged in virtual-world scenarios to learn how to treat
victims suffering cardiac arrest. Short debriefingswere carried out after each scenario. A total of 36 high school students (Sweden,
n=12; United States, n=24) participated. Their self-efficacy and concentration (task motivation) were assessed. An exit questionnaire
was used to solicit experiences and attitudes toward this type of training. Among the Swedish students, a follow-up was carried
out after 6 months. Depending on the distributions, t tests or Mann-Whitney tests were used. Correlation between variables was
assessed by using Spearman rank correlation. Regression analyses were used for time-dependent variables.

Results: The participants enjoyed the training and reported a self-perceived benefit as a consequence of training. The mean
rating for self-efficacy increased from 5.8/7 (SD 0.72) to 6.5/7 (SD 0.57, P<.001). In the Swedish follow-up, it subsequently
increased from 5.7/7 (SD 0.56) to 6.3/7 (SD 0.38, P=.006). In the Swedish group, the mean concentration value increased from
52.4/100 (SD 9.8) to 62.7/100 (SD 8.9, P=.05); in the US group, the concentration value increased from 70.8/100 (SD 7.9) to
82.5/100 (SD 4.7, P<.001). We found a significant positive correlation (P<.001) between self-efficacy and concentration scores.
Overall, the participants were moderately or highly immersed and the software was easy to use.

Conclusions: By using online MMV Ws, team training in CPR isfeasible and reliable for thisinternational group of high school
students (Sweden and United States). A high level of appreciation was reported among these adol escents and their self-efficacy
increased significantly. The described training is anovel and interesting way to learn CPR teamwork, and in the future could be
combined with psychomotor skills training.

(J Med I nternet Res 2013;15(1):€9) doi:10.2196/jmir.1715
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Introduction

Sudden cardiac arrest (SCA) isone of the most common causes
of death [1]. Society depends heavily on laypersonsin theinitial
resuscitation of cardiac arrest victims. To disseminate the
necessary skills, training in cardiopulmonary resuscitation (CPR)
is mandatory in many school systems. However, the
effectiveness of standard CPR training among nonprofessionals
[2-4] and hedlth care professionals [5] has been questioned,
mainly because of poor retention of skillsand low self-efficacy
among thetrainees. Further, current CPR programs are focused
on training of the individual. If several rescuers are present,
lack of team coordination could hamper the effectiveness of
CPR[6,7].

There is ademand for methods that are easy to deliver, require
little material resources, and are highly engaging. Although a
matter of both guideline simplicity and training methods,
long-term retention is one ideal target for training. In search of
new and more effective CPR training solutions, several
alternative methods of delivery have been suggested during the
past decade [8-12]. Screen- or simulator-based methods have
been developed as aternatives to traditional manikin-based
skills-oriented training. These alternatives primarily employ
instructive video demonstrations or full-scale simulations.

Massively multiplayer virtual world (MMV W) technology has
itsrootsin computer games and videogames for entertainment.
Since the 1990s, videogames have been used for educational
purposes in various fields, including medicine. These
applications have been termed serious games [13]. For CPR
training purposes, the option of virtual worlds for training has
not been studied so far. Some encouraging results from a pilot
study have demonstrated the potential of using virtual worlds
for initial training of traumateam leaders[14].

In a recent study, we found that a MMVW serious game for
CPR training was feasible for use among medical students.
Although no evidence of stimulated recall of CPR procedures
was found, the participants were enthusiastic and reported
increased concentration during the training. Further, the
participants self-efficacy increased after training [15].
Individually perceived efficacy refers to beliefs about one's
capabilities to learn or perform behaviors at designated levels
[16]. Sdlas and Burke [17] have argued that for effective
training, the individual characteristic of trainees, of which

http://www.jmir.org/2013/1/e9/

self-efficacy is one, should be further elucidated. Self-efficacy
has been emphasized as an important feature of medical
simulator training [18]. Brusso et a [19] have also pointed out
theimportance of self-efficacy during videogame-based training.

Information and computer technology (ICT) is becoming
increasingly integrated into the everyday life of the younger
generations. It has been suggested that this hasimplicationson
learning [20-23]. Although new methods for teaching based on
ICT are being implemented for children and adolescents in
school, knowledge is limited concerning effectiveness of such
training in the medical field [24]. Taking advantage of the ICT
skills of today’s adolescents regarding serious games poses
potential challenges [25-27]. It has been discussed that
| CT-based teaching methods often face cultural challengeswhen
implemented in a non-native context or environment [28,29].
This fact must not be ignored when initiating multinational
training programs [30].

By using a deliberate practice model [31], the aim of this
prospective international study (in the United States and in
Sweden) was to examine the feasibility of usingaMMVW for
training high school students to respond appropriately to a
medical emergency requiring CPR teamwork, and to examine
their experiences, self-efficacy, and concentration. Comparing
the results would indicate if these results are generalizable to
the 2 different student populations.

Methods

Recruitment and Sample

The study was performed after institutional review board
approval at both study locations. After obtaining informed
consent, 12 high school students from the natural science
program at Huddinge High School in Huddinge, Sweden, and
24 high school students from Woodside High School in
Woodside, CA, USA, wererecruited and enrolled on avoluntary
basis. Recruitment was carried out by their teachersand through
solicitation by announcements regarding the study. Before the
practice, all students had participated in compulsory
conventional CPR training at their respective schools within
the past 6 months. Demographic data of all study participants
aredisplayed in Table 1. Therewas no clear difference between
groups in mean frequency of videogame play, but a higher
percentage of low-frequency and high-frequency players were
found in the Swedish group.
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Table 1. Demographics of participating high school students from Sweden and the United States (N=36).

Characteristics

Country, n (%)

Sweden United States
n=12 n=24
Sex
Female 5(42) 15(62)
Male 7 (58) 9(38)
Grade
10 12 (100) 23(96)
11 0 14
Frequency of videogame play
Less than once a month 5(42) 5(21)
Every second week 2(17) 11 (46)
Once aweek 1(8) 5(21)
Several times every week 2(17) 2(8)
Every day 2(17) 1(4)

Intervention and Curriculum Content

The study was collaboratively planned and implemented,
although it was not implemented at exactly the sametime. From
previous work, a virtual-world platform was jointly devel oped
with prehospital CPR team training capabilities (Forterra
Systemsinc, San Mateo, CA, USA; OLIVE game devel opment
platform now the property of SAIC, McLean, VA, USA). The
virtual-world environment wastail ored according to real-world
examples. Inthevirtual world, each participant was represented
by an avatar that was controlled by the computer mouse and
keyboard. The participants could communicate with one another
in real time by means of a microphone and headset (Figures 1
and 2).

An overview of the protocol is shown in Figure 3. In the
beginning of thetraining session, the participants rehearsed and
updated their CPR knowledge. In the Swedish group, this was
done by a short (10-minute) lecture, whereas the US group
rehearsed the CPR procedure in the virtual environment.
Familiarization to the virtual world and training in maneuvering
and communicating within it was done just before the CPR
training started.

In the CPR scenarios, the participants trained in mixed groups
of 3 students. In the Swedish study group, CPR was practiced
in 4 scenarios, in which the first was regarded as a
familiarization scenario. In the US group, familiarization to the
virtual world included guided practice and CPR wastrained in

http://www.jmir.org/2013/1/e9/

3 scenarios. The overall timefor thetraining sessions (including
data collection) was 90 to 120 minutes.

The trainees were instructed to approach a victim (an avatar
that was controlled by an instructor) whose collapse they had
witnessed in thevirtual world, take the correct diagnostic steps,
and collaboratively perform the cognitive and procedural
measures associated with basic adult life support in accordance
to the 2005 guidelines from the American Heart Association
[32]. Theseincluded (1) moving to the victim, (2) checking the
victim for consciousness, (3) declaring the victim unconscious,
(4) checking the victim’s airway and breathing, (5) calling for
help, (6) performing chest compressions and rescue breaths as
stated by the CPR protocal, (7) relieving the rescuers, and (8)
assisting the arriving paramedic and giving a brief report to him.
The settingsfor the virtual-world scenarioswerein aclassroom
andin an outdoor parking lot. After each scenario, aninstructor
gave short feedback about their CPR performance compared to
the guidelines.

Initially a follow-up was planned in both locations, but it had
to be abandoned in the United States because of difficulties
reassembling the study group. In the Swedish study group, a
prospective test-retest explorative design could be used. This
included a second session 6 months (177-203 days) after the
first training. Based on the literature, 6 months was chosen as
the time between the training sessions [33]. The second session
was identical to the first except that the lecture on CPR was
excluded. No participants in the Swedish group dropped out
between these 2 training sessions.
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Figure 1. Screenshot of avatar performing chest compressions on avictim in the virtual world (parking lot scenario).
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Figure2. Screenshot of avatar performing chest compressionson avictiminthevirtual world (classroom scenario) whiletalking to relieving paramedic.
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Figure 3. Design of the study.
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INCLUSION

LECTURE (Swedish group only): Standardized 10-minute CPR lecture (rehearsal)

DATA COLLECTION: Demographics, quest

ionnaires (engagement modes, self-efficacy)

FAMILIARIZATION: Introduction to Virtual World and controls. Training to navigate avatar.
CPR rehearsal in Virtual World (US group only)

TRAINING: 3-4 consecutive CPR-MMVW role plays in groups of 3 with short feedback after each.
Questionnaires after scenarios (concentration, mental strain)

DATA COLLECTION: Questionnaire (self-efficacy), Exit questionnaire

SWEDISH GROUP ONLY

6 months

v
START OF 2"d SESSION: Questionnaires
(engagement modes, self-efficacy)

FAMILIARIZATION: Introduction to Virtual World
and controls.
Training to navigate avatar

TRAINING: Four consecutive CPR-MMVW role
plays in groups of 3 with short feedback after
each. Questionnaires after scenarios
(concentration, mental strain)

DATA COLLECTION: Test, Questionnaire (self-
efficacy), Exit questionnaire

Instruments and M easurements

Self-efficacy, a construct resting on Bandura's social cognitive  a group of young laypersons (ie, high school students).
theory [16], has been found to be a strong predictor of actual  Self-efficacy was self-assessed before and after each training
performance. Because we recently found that medical students'  session by using a5-item questionnairein which each item was
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self-efficacy increased after training CPR in aMMVW serious
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rated on a 7-grade Likert-type scale. The value for self-efficacy
was cal culated asthe mean of theseitems as described elsawhere
[34].

In the same study [15], medical students concentration
increased during training. Concentration is theoretically well
connected to the concept of intrinsic motivation in performing
atask. A higher level of concentration is indicative of being
captured by an activity and a greater probability of continuing
with it. In the present study, we assessed the high school
students' concentration as an index of their motivation in the
training tasks. The greater the self-efficacy, the more active the
efforts would be [16]. For assessing concentration we used 8
itemsfrom already validated instruments[35,36]. Inthe Swedish
subgroup, concentration was self-assessed after thefirst, second,
and fourth scenario during both sessions. In the US study group,
concentration was self-assessed after thefirst and third scenarios.

All individuals' perceptionsregarding the feasibility of training
were assessed in an exit questionnaire that was distributed after
the training sessions. This included the level of perceived
immersion in the virtual world, questions covering technical
aspects (ie, technical difficulties, ease of use), and usefulness
of the training. These assessments were made by using 5-grade
Likert-type scales. Control questions about self-confidence were
given and the Swedish participants were also asked if this
training mode could have a role in future education; 5-grade
Likert-type scales were used for both questions.

In the exit questionnaire, the Swedish participants were asked
to specifically comment on the perceived strengths and
weaknesses of the scenarios. M eaning-bearing units [37] were
identified in these comments and consequently analyzed,
classified, and categorized by one of the authors (JC). If the
same answer was given several times by a single participant, it
was counted as only 1 occurrence to have it justly weighted
during analysis. All participants were asked if and how the
training had changed their feelings/perceptions about having to
act in an emergency situation. In these comments,
meaning-bearing entities were aso identified, analyzed,
classified, and categorized by the one of the authors (JC).

Although self-efficacy beliefs exercise a powerful influence on
human action [16], many other psychological processes can
affect the strength of this relationship. We assumed that
engagement modes might potentialy affect the strength of
relationship between self-efficacy beliefs and behavior
differently among participants. Engagement modes are different
ways of interacting with new information technologies[35] and,
inthis study, students’ different thoughts, feelings, and purposes
they had toward CPR training using avatars in MMVM. We
calculated an index of the negative engagement modes (sum of
scores for the frustration/anxiety and hesitation/avoidance
modes), as described by Hedman and Sharafi [36], because they
may be associated with lower self-efficacy. Negative
engagement modes were assessed before each session from a
15-item questionnaire using a 5-point Likert-type scale.

http://www.jmir.org/2013/1/e9/

Creutzfeldt et al

We assumed that very high mental strain could be another factor
that may jeopardize perceived self-efficacy. Only inthe Swedish
subgroup, mental strain could be self-assessed after the first,
second, and fourth scenario during each session. Mental strain
was measured using Borgs' CR10 scale (O =no mental strain at
all; 10 = extremely high mental strain) after each session [38].

Data Analysis

Participants with single missing data were excluded from that
particular analysis. Repeated measurements analysis was used
to analyze time-dependent data (concentration) and regression
analysis was used to evaluate the dependency between these
variables. For correlation between concentration and
self-efficacy, Spearman rank correlation (p) was performed.
Statistical comparisonswere made by using the Mann-Whitney
test or the Student t test, after validation for normal distribution
by using the Shapiro-Wilk test. The significance level was set
at P<.05. The calculations were performed by using SigmaStat
version 3.5 (Systat Software Inc, Point Richmond, CA, USA).
Data are presented as mean and standard deviation (SD) or
median and interquartile range (IQR) depending on the type of
distribution.

Results

Summative data from Sweden and the United States were
analyzed as one group, except for concentration in which there
were |large differences between the groups.

Controlled Factors

Negative engagement modes in the Swedish study group
occurred during session 1 (mean 5.4, SD 1.1) and during session
2 (mean 5.4, SD 1.1). In the US study group, the mean was 3.4
(SD 0.3). The difference between the groups was significant
(P<.001). The mean value of mental strain, measured only in
the Swedish group, was low (mean 3.4, SD 1.7) without
significant change over time.

Self-efficacy and Concentration

Self-efficacy increased significantly after training compared to
before training (Figure 4). In the Swedish group, this was also
replicated during the second training session.

In general, the concentration (task motivation) level wasin the
medium to high range. However, the results in the US group
were significantly higher than the Swedish group (P<.001); in
the latter, the mean concentration score showed a significant
increase over time (scenario 1 of session 1: mean 52.4, SD 9.8;
scenario 4 of session 2: mean 62.7, SD 8.9; P<.05). In the US
group, the mean concentration score increased significantly
from 70.8 (SD 7.9) to 82.5 (SD 4.7, P<.001).

Self-efficacy was positively related to concentration during
training before and after training (self-efficacy before training
and concentration during first scenario: p = 0.49, P=.006;
self-efficacy after training and concentration during last
scenario: p = 0.60, P<.001).
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Figure 4. Self-efficacy in the study group. The two left-most boxes present self-efficacy before and after training (N = 36).The two right-most boxes
(striped) refer to the second session during the Swedish part of the study (n = 12). The box-blot illustrates 25th and 75th percentiles with median value
as a solid line inside the plot and whiskers showing 10th and 90th percentiles (outliers marked outside this). Significance (P <.05) between the

measurements is denoted with an asterisk (*).
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Per ceptions of the Training and Attitudes

The exit questionnaire contained information about the
participants’ experiences of the technical aspects of the virtual
world and their opinions about the MMV W CPR team training.
The participants’ ratings indicated a significant change of
confidence after the training (P<.001). Numerical ratings are
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summarized in Table 2. Table 3 summarizes perceived strengths
and weaknesses with the simulated scenarios, investigated in
the Swedish subgroup.

Twenty-eight of the 36 participants (78%) agreed that the
MMVW experience had changed their feelings or perceptions
about responding to a medical emergency, without any
differences between study groups (Table 4).
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Table 2. Exit questionnaire about the participants' perceptions of the training and attitudes toward it based on 5-point Likert-type scales.

Exit question Swedish group, US group,
median (IQR)? median (IQR)?
Session 1 Session 2 n=24
n=12 n=12
Did you fed that you were actually there? 4.0 (35-4.5) 4.0 (3.0-4.0) 4.0 (4.0-4.0)
Did you experience any technical difficulties? 20(15-25) 20(1.0-25) 20(20-3.0
How easy to learn to control your avatar?® 4.0(3.5-4.5) 4.0(3.5-5.0) 4.0 (4.0-5.0)
How useful for learning to react to a medical emergency’?d - 4.5(4.0-5.0) 4.0(4.0-5.0)
Do you think this type of simulated training has a part in the education of 5.0 (4.0-5.0) 5.0 (5.0-5.0) —
tomorrow?®
How confident to react to amedical emergency before today’s sessi on? - 4.0(3.0-4.0) 25(20-3.0
How confident to react to a medical emergency after today’s session? - 4.2(4.0-5.0) 4.0(4.0-4.5)

8|QR: interquartile range; —: question was not asked.
b1=notat al; 5=all of thetime.

€1 = never learned how; 5 = very easy.

41 = not useful; 5 = very useful.

€1=notatall; 5= yes, absolutely.

1 = not confident; 5= extremely confident.

Table 3. The Swedish participants’ (n=12) answers about strengths and weaknesses of the simulated scenarios.

Category n (%)
Strengths
Suitable and redlistic environment 9(28)
Good way to repeatedly practice and learn 8(25)
Necessary to adapt to changing circumstances 2 (6)
Training teamwork aspects 7(22)
Good in genera 6 (19)
Weaknesses
Too easy tasks, more options wanted 10 (30)
Lack of realism and aricher environment 8(24)
Technical problems 9(27)
Requires familiarization 6 (18)

Table4. Statementsabout how thetraining changed the participants’ (n=36) feelings or perceptions about responding to amedical emergency (participants

could give several answers).

Category n (%)
Work better in a CPR team 11 (26)
Increased confidence for such an emergency situation 20 (47)
Better CPR knowledge 12 (28)
: : to respond appropriately to amedical emergency requiring CPR.
Discussion esponcigppropriately gency requining

Our ambition inthisfeasibility study wasto selectively analyze
how teams of young laypersons, personified as avatars, reacted
toward and interacted within a virtual world for teaching how
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Our study sample were high school studentsin an international
setting. In this study, we refined and used a virtual world for
CPR team training previously studied in medical students[15].
The high school students clearly appreciated theway thetraining
could influence real-world behaviors in several aspects and it
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was associated with an increased self-efficacy in both countries.
Our results are consistent with previous findings in a group of
medical students [15]. These findings suggest that this
completely novel method for CPR training is also feasible and
reliable in young laypersons.

The increase in students self-efficacy has 2 important
implications. Firgt, it illustrates the beliefs of the trainee (ie,
that the level of control of required skills increased). We
triangulated this finding with the control questions in the exit
guestionnaire about the participants’ self-confidence that also
increased because of the training. Secondly, which may be
particularly important concerning CPR teamwork, it gives an
indication that the trainee actually would feel more prepared to
actin areal-world CPR event. This assumption should be tested
in future studies.

Our finding that there was a positive correlation between
self-efficacy and concentration (as an index of motivation in
the training tasks) is in accordance with Bandura's [16] social
cognitive theory in which self-efficacy beliefs influence
cognitive, motivational, affective, and decisional processes. The
course-effect  relationship  between self-efficacy and
concentration should, however, be elucidated by using acontrol
group design. Concentration and the perception of immersion,
characteristics of computer games, are of great importance
because these are signs of how the trainees are engaged in the
training. A high level of task involvement is a prerequisite for
active learning. Concentration has been positively associated
with effective teaching and learning [39]. Current CPR training
seems to carry problems in these aspects, which might lead to
a lower degree of influence on the trainees and, in turn, less
retention.

An important aspect is the degree of realism and sense of
presencein virtual-world training. There certainly isarisk that
the participants may perceive the training environment as
awkward and experience a lack of real-world resemblance. In
the past few years, virtual-world training has been used
extensively for cybertherapy in psychiatry in which these aspects
arecrucial. Studiesfrom thisfield show that thistype of training
has potential for immersion and active engagement [40,41].
Also, our results indicate that the learning scenarios and
technology developed for our study were effective for most
students in achieving a“ suspension of disbelief.”

Although the need for CPR training is universal, computer habits
as well as pedagogical approaches and attitudes toward
e-learning differ greatly among different countries and cultures
[42,43]. Attitudes toward team interactions in virtual settings
seem to be of great importance and may also differ. Ahanchian
and McCormick [28] created aframework based on Hofstede's
cultural dimensional framework to assist understanding of
cultural differences. With that in mind, we expanded the study
to another contextual and cultural setting to anayze the
generaizability of MMVW as a new teaching method for
team-based CPR training. Videogame habits among the
participantsin the 2 different countrieswere somewhat different.
In particular, the Swedish group contained a larger group of
participants with less computer gaming activity. Although there
is some variation in the literature, videogame habits among the
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participants did not seem to be above average compared to larger
US samples [44,45]. Wong [29] has pointed out potential
difficulties with e-learning in multicultural settings, in which
cultural influences may impact how the learning is perceived
and its effectiveness. These problems primarily havetheir roots
in cultural-sensitive issues, such as attitudes toward how one
should behave in an e-learning situation or how active and
self-directed the learner is expected to be. In the present
MMVW, the only interaction between participants was by direct
voice interaction in the virtual world, and the interaction with
the teacher or instructor was either in-world (by the use of
avatars) or inthereal classroom. Hence, the virtual world itself
will not be affected by cultural issues, except for appearances
of objects (eg, buildings, avatars) and the text on the interactive
buttons used to examine and treat the victim. On the other hand,
Uzuner [46] pointed out in a review that attitudes toward
distance learning may differ greatly among different cultures,
in particular between so-called collectivistic and individualistic
cultures. Without further data from our international study, we
cannot draw any conclusion about how culture influences our
findings. However, the aim was to study if our findings would
be similar in the 2 countries and, hence, more generalizable. As
with leisure gaming MMVW, our data quite clearly indicate
that users in different countries enjoy similar engagement in
thisMMVW CPR team training.

The major difference in the individual experiences during
training between the 2 countries was in concentration, where
the US sample was on a considerably higher level, in general.
In thisgroup, the negative engagement modesin how onerelates
to information technology was also considerably lower. This
difference in attitude toward the training method, indicating a
more relaxed and open attitude toward ICT in the US sample
and reflecting the smaller percentage of participants with
low-frequency computer gaming activity, may explain some of
the differencein concentration. Another reasonabl e explanation
could be that the educational software was more developed and
stable, and technical and educational support was more easily
accessible at that time. During thetraining in the United States,
developers and technical expertise was readily present.

The individual comments indicate that MMVW team CPR
training was appreciated for itsteam aspects and for being easy
to practice repetitively leading to better knowledge and
confidence. On the other hand, among the Swedish participants,
remarks were made about the tasks being too easy and with too
few options for interaction. Such indications warrant further
investigation. One of the appealing features of serious games
aretheir ability to vary the level of difficulty and keep the user
in a high level of engagement—these comments indicate that
more could be accomplished in these aspects, possibly leading
to higher levels of concentration.

The results from these 2 groups are in accordance with what
we have found when studying agroup of medical students[15].
This implies the feasibility of the concept that MMVW for
training CPR teamwork can be carried out easily and with good
acceptance from the trainees. Personal observations, reviews
of ratings, and verbal and written comments indicate that this
new learning technology is highly appreciated by high school
participants. Although CPR was the training content for this
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study, virtual worlds may be used for other medical training
purposes. Patel and coworkers [47] have used an interactive
virtual-world session for introducing the operating room
environment to novices. Compared to standard real-world
introduction, they found the virtual-world introduction to be as
beneficial for gaining knowledge, skills, and attitudes. However
when it comesto training of team activities, there arefew reports
in the medical literature.

Important issueswhen designing CPR training methods are cost
and adaptability [48,49]. Not only is it important to find an
engaging and popular form of training, it must also be associated
with reasonable costs and carry the advantages of being easily
adopted to different target groups as well as future changesin
CPR guidelines. Further, it is also of great importance that the
system and method used is easy to operate from a teacher’'s
perspective. A complex method requiring high computer interest
and skillsfrom the teacher’s side can be expected to be difficult
to implement.

In society, initiation of action in sudden emergency medical
situations depends on the vigilance of bystanders. The problem
of delivering up-to-date education and training in this field for
all citizens is huge. To deal with retention problems through
recurrent training is perhaps even more challenging. Although
some evidence of good retention after conventional training in
school-aged children exists[50], many reports are discouraging.

Today, manikin-based CPR training is the norm. Such training
carries several weaknesses (eg, accessihility, cost, engagement
among trainees, lack of team aspects, and low long-term
efficacy). Some of these issues may be addressed by the use of
MMVW CPR team training. Further, the uniqueness of this
training not only lies in the different medium for interaction
and transmission, but also in the possibility to train CPR in a
“live” setting where the medical emergency is put into context.
Also, flexibility in changing the virtual environment, number
of rescuers, and level of difficulty and complexity isincreased
compared to standard CPR training. On the other hand, using
virtual worlds for training creates new demands, such as
computer hardware and I nternet connections, trainee computer
skills, and time for learning the software and familiarizing to
the virtual environment.

Current pedagogical training concepts advocate the division of
complex tasksinto thetraining of itsincluded partsduring basic
training [51]. CPR consists of cognitive as well as team and
psychomotor skills. Hence, it might be beneficial to learn and
train the different aspects of CPR in different modes and at
different times. When the separate parts are mastered, they may
be integrated and trained. In its current format, MMVW CPR
only consists of some parts of the whole, cognitive, and team
aspects, whereas the psychomotor skills are not covered. To
cover thefull extent of bystander CPR (or other forms of CPR),
this training modality has to be developed further.
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The main goal for this study was not to validate or test a
particular virtual world, but rather to explore the concept and
study feasibility aspects. Although manikin-based training
continues to be the prevailing method for learning the basic
psychomotor skillsof CPR, this study demonstratesthe potential
added value of MMVW for situated and team-based learning
inwhich laypersons are able to practice the sequence of actions
necessary to respond appropriately to different medical
emergencies. One of the most obvious advantages with
virtual-world training isits almost endless variability. Changes
invirtua environment, equipment, and situation creates potential
means for practicing awide variety of medical tasks, many that
normally would be difficult to practicein the real world.

A limitation of this work is the sample size. The originally
planned follow-up in the United States was abandoned because
of a dropout rate of aimost 50%. This occurred because the
follow-up had to be scheduled in the subsequent school year.
Students had either left the district, changed schools, or were
in classes in which their absence was not allowed which
precluded participation in the study follow-up. It certainly turns
the focus to the difficulties in carrying out multinational field
studies in which adherence to initial protocol was restrained
because of cultural and curriculum circumstances. In future
studies, this issue has to be carefully addressed in close
cooperation with the school administrators and staff. Our
intention was to study the samples at atime when CPR training
was part of their normal curriculum. Further, the study was
carried out in schools situated in 2 high-income Western
countries. Although we found the same patterns in the results
in the 2 countries, these resultswould be easier to generalize if
more groups were studied (ie, different cultures and ages).
Future studies should investigate retention after training and
transfer to real-world CPR. Also, more data on the teachers
perceptions are warranted.

Conclusions

Thedatafrom thisfeasibility study support the use of MMVWs
for teaching high school students to respond appropriately to a
medical emergency requiring CPR teamwork. It was feasible,
reliable, and enjoyed by digital natives in Sweden and in the
United States. This study demonstratesthe potential added value
of MMVW for situated learning in which young laypersons are
able to practice the sequence of actions necessary to respond
appropriately to different medical emergencies.

Even with a great demand for new training methods in high
school and in the area of CPR training, MMVW serious games
must be carefully studied not only from the students
perspective, but also from the teachers and organizations
perspectives to clarify the challenges and needs required for
implementation.
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Abstract

Background: Web-based digital repositories allow educational resources to be accessed efficiently and conveniently from
diverse geographic locations, hold avariety of resource formats, enable interactive learning, and facilitate targeted access for the
user. Unlike some other learning management systems (LM S), resources can be retrieved through search engines and meta-tagged
labels, and content can be streamed, which is particularly useful for multimedia resources.

Objective: The aim of this study was to examine usage and user experiences of an online learning repository (Physeek) in a
population of physiotherapy students. The secondary aim of this project was to examine how students prefer to access resources
and which resources they find most helpful.

Methods: The following data were examined using an audit of the repository server: (1) number of online resources accessed
per day in 2010, (2) number of each type of resource accessed, (3) number of resources accessed during business hours (9 am to
5 pm) and outside business hours (years 1-4), (4) session length of each log-on (years 1-4), and (5) video quality (bit rate) of each
video accessed. An online questionnaire and 3 focus groups assessed student feedback and self-reported experiences of Physeek.

Results: Students preferred the support provided by Physeek to other sources of educational material primarily because of its
efficiency. Peak usage commonly occurred at times of increased academic need (ie, examination times). Students perceived online
repositories as a potential tool to support lifelong learning and health care delivery.

Conclusions: Theresults of this study indicate that today’s health professional students welcome the benefits of onlinelearning
resources because of their convenience and usability. Thisrepresentsatransition away from traditional learning styles and toward
technological learning support and may indicate a growing link between social immersions in Internet-based connections and
learning styles. The true potential for Web-based resources to support student learning is as yet unknown.

(J Med Internet Res 2013;15(1):€7) doi:10.2196/jmir.2094

KEYWORDS
Information storage and retrieval; Medical Informatics; Education, professional

students. Material can be stored in a variety of formats and
easily shared across diverse user groups. This is particularly
vauablein health profession programsin which the requirement
for currency demands that resources are available for regular

Introduction

Web-based learning repositories allow mass storage,
management, and search and retrieval of datafor both staff and
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academic review and are visible to students and their clinical
educators [1,2]. Spacious electronic repositories enable a
comprehensive body of resources to be accessed easily by
geographically dispersed users. Repository designers can aso
individualize accessfor critical review of resources and enable
ongoing resource updating and refinement [3,4]. Health
profession students in workplace practice benefit from access
to learning resources that promote learning experiences and
maximize movement toward learning targets.

Against a tradition of hard copy learning resources [5],
Internet-based learning resources are rapidly augmenting or
replacing other forms of information storage and sharing [6].
Students today enjoy social immersion in Internet-based
connections and embrace Internet access to learning material
[7]. Students of health professions report valuing access to
online resources[8,9], with studentsin many programs relying
at least in part on Internet-based resources for learning support

2.

A 2008 systematic review examined the effects of Internet-based
learning compared with ether no intervention or
non-Internet-based learning, (eg, classroom instruction) for
students of health professions. The review identified that
Internet-based learning and traditional teaching methods
appeared to have similar effects with regard to student
satisfaction, knowledge, behavior, and patient outcomes [6].

Little is known about the value of Internet-based resources for
health profession students in supporting workplace practice:
which resources they find valuable, how and when they prefer
to access them, and the form of resourcesthey prefer to access.
Aseducators determine the resources made available to students,
they may benefit from learning more about the needs and
preferences of users. Packaging learning material to maximize
its appeal and availability to learners can potentially increase
engagement and uptake.

This study was designed to examine (1) when and why health
professional learners access resources held in an online
repository, (2) which resources they preferentialy access, (3)
what resourcesthey find most helpful in supporting their clinical
placements and devel opment of practice competencies, and (4)
whether uptake is changing across time.

Methods

The Physeek digital repository isan online, keyword-searchable,
repository of learning resources (see Multimedia Appendix for
Screenshots). It was developed originally for students
undertaking the 4-year undergraduate physiotherapy degree at
Monash University, Melbourne, Australia. It enables remote
access to learning resources to students in workplace practice.
Students undertake 39 weeks of clinical learning during the
third and fourth years of their studies. Physeek provides an
appropriate model for Web-based | earning repositories because
it allows academic staff to create, store, and manage educational
content in electronic format. It can be used by anyone with
permission and Internet access. Third- and fourth-year students
can search Physeek by using a number of search strategies (ie,
subject category, keyword, year level, resource author, and
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resourcetype), whereasfirst- and second-year studentswho are
not currently undertaking clinical placement can access Physeek
resources through a generic learning management system
(LMYS), specifically Blackboard. The resources are intended to
support and advance practice competency. They include lecture
notes, practical demonstration videos, self-directed learning
modules, and practical class pre-readings. Access to the
repository was provided to clinical educators affiliated with the
Monash program so that they were aware of course content and
the expected level of student knowledge and skills. Educators
also appreciated the opportunity to compare their own
knowledge and beliefsto the current conceptstaught to students.

The study was approved by Monash University Human Research
Ethics Committee, approval number CF10/3439-2010001817.

Physeek Usage Audit

Usage of the Web-based repository Physeek was audited through
2 corresponding academic semestersin 2009 and 2010. Reports
for students at each year level (1-4) of the bachelor of
physiotherapy degree were generated. Reports generated were
(1) number of online resources accessed per day in 2010 (years
3-4); (2) number of each type of resource accessed (eg, lecture
dlides, practica videos, unit guides, self-directed modules,
practical pre-readings [years 3-4]); (3) number of resources
accessed during business hours (9 am to 5 pm) and number
accessed outside business hours (years 1-4); (4) session length
of each Physeek log-on (years 1-4); (5) video quality (bit rate)
of each video accessed (all year levels grouped). Each video
resource was loaded onto the repository in 3 different quality
levels based on bit rate measured in kilobit per second (khit/s):
low quality (56 kbit/sor 150 khit/s depending on program used),
medium quality (256 kbit/s or 400 kbit/s), and high quality (512
kbit/s or 720 khit/s). The highest bit rates allowed the greatest
image resol ution. Videos were uploaded onto the repository at
different qualities to alow for differences in bandwidths
available to students. Download time is affected by file size,
and we were curious to know what file sizes students
preferentially selected to download (faster downloads with
poorer image resolution or slower downloads with higher
resolution).

Data Analysis

The number of online resources accessed per calendar day in
2010 were plotted against the third- and fourth-year clinical
timetable.

The number of each type of resource accessed (lecture slides,
practical videos, unit guides, self-directed learning modules,
and practical pre-readings) in 2009 were compared to the
number accessed in 2010. Chi-square tests were used to
investigate if there were significant differences in uptake
between 2009 and 2010 for each type of resource.

The number of resources accessed during business hours and
outside business hours during 2010 were expressed as a
percentage of total resource accessed for each year level (1-4).
Datafrom first- and second-year studentswereincluded in this
analysisto investigate if there were differences in the way that
clinical education-based and campus-based students accessed
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resources. A Chi-sguare test was used to determine if usage
within and outside business hours was significantly different.

The sum of video downloads at each quality level (low = 56
kbit/s or 150 kbit/s; medium = 256 kbit/s or 400 kbit/s; high =
512 kbit/s or 720 khit/s) was expressed as a proportion of the
total number of video downloads with associated 95%
confidence interval (95% Cl).

Descriptive statistics, including means, standard deviations
(SD), and range were calculated to describe session length of
Physeek log-ons by year level. A Kruskal-Wallis test was used
to investigate differences in mean session length between each
year level.

Questionnaire

Participant I nclusion/Exclusion Criteria

Studentsenrolled in fourth year of the bachelor of physiotherapy
degree (ie, those with previous clinical experience) in the year
2011 were invited to participate in the online questionnaire.
Other inclusion criteriawere that they were adults (>18 years),
fluent in English, and had completed clinical placements in
2010. Third-year students were not included because they had
not previously undertaken clinical placement and did not have
experience of learning and practice in the workplace.

Recruitment

A bulk email invitation was sent to all fourth-year students. To
reduce student perceptions of coercion, the email was sent by
a research assistant who was independent of the course. The
email included an explanatory statement and a hyperlink to an
anonymous online questionnaire.

Data Callection and Analysis

The questionnaire consisted of 6 statements about Physeek
usage and its impact on learning. Responses to the first 5
statements (eg, “I have found Physeek helpful in revising
practical skillsfor clinical placement”) were graded on a5-point
Likert scale. Responses to items were assembled using
descriptive statistics.

Focus Group

Participant I nclusion/Exclusion Criteria

Eligible participantsincluded fourth-year physiotherapy students
(with previous clinical experience), aged over 18 years, and
enrolled for study in 2011. Participants were excluded if they
did not participate in clinical placement during 2010.

Recruitment

A convenience sample was employed to recruit eligible
participants. Fourth-year students were emailed an invitation
to participate by an independent research assistant. Thefirst 18
students to reply were included in focus groups. Participants
were randomly allocated to 3 groups of 6 to maximize the
opportunity for individual participation [10].
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Data Collection

Focus group discussions were facilitated by an independent
researcher who was not involved with teaching in the bachelor
of physiotherapy program. Group discussions were prompted
by using alist of questions developed based on areview of the
literature and designed to facilitate participant interaction. Each
focus group was of approximately 30 minutes duration.

Questionswereintended to generate general opinions about the
delivery of learning resources that support workplace practice
and, in particular, the usefulness of the Physeek database as a
vehicle for accessing learning resources. Sessions were
audiorecorded and transcribed verbatim before coding and
thematic analysis.

Data Analysis

Transcripts for each focus group were independently coded by
2 researchers and themes were independently devised by using
the principles of thematic analysis [10]. Thematic analysis
indicated saturation of ideas after 3 focus groups and further
participant recruitment was halted. To ensure accuracy of
transcripts, athird independent researcher compared transcripts
to the original audiorecording. Two researchers then compared
and discussed the coded and themed transcripts for similarities
and differences. This process was repeated for the transcripts
of each focus group. When there was disagreement concerning
major themes after 2 rounds of comparative analysis and
discussion, athird independent researcher was consulted. After
agreement on key themeswas reached, 2 authorsindependently
reviewed transcriptsfor suitable validating quotes. Quoteswere
also extracted in which they corroborated results of the usage
audit and online questionnaire.

Results

Participantsincluded in the usage datawere third-year students
(n=62) and fourth-year students (n=57) during 2009, and
third-year students (n=48) and fourth-year students (n=64)
during 2010. The total number of participants over both years
was 231.

Physeek Usage Audit

Daily Frequency of Physeek Usage During 2010

Physeek usage by day from January 1 to September 29, 2010,
isshownin Figure 1 (third-year students) and from February 1
to May 31, 2010, in Figure 2 (fourth-year students). These
periods were chosen to be displayed because they represent a
period of relatively intense study load and the time of highest
Physeek resource uptake for each year level. Physeek usage for
third-year students peaked at 385 accesses per day on May 10,
2010, at the start of the examination period, and at 183 accesses
on February 8, 2010, for fourth-year students (183 accesses)
immediately before the campus-based preclinica week.
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Figure 1. Daily Physeek usage by third-year students mapped to the semester timetable from April 1 to June 30, 2010.
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Figure 2. Daily Physeek usage by fourth-year students mapped to the semester timetable from February 1 to May 31, 2010.
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Types of Resources Accessed From 2009 to 2010

Third- and fourth-year students both accessed lecture slidesand
practical videos considerably more than the other resources
available on Physeek. There was minimal access of unit guides
and self-directed learning modules, whereas a small number of

http://www.jmir.org/2013/1/e7/

practical pre-readings were accessed (Figure 3). When use was
pooled acrossyear levels, a Chi-square test showed asignificant
difference in the number of lecture slides accessed in 2009
compared to 2010 (P=.01), with agreater number being accessed
in 2009. Conversely, there were significantly more practical
videos accessed in 2010 compared to 2009 (P=.02). There were
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no significant differences in uptake of unit guides (P=.26),
self-directed learning modules (P=.76), and practical

Maloney et a

pre-readings (P=.41) between 2009 and 2010.

Figure 3. Types of online resources accessed by third-year (n=62 for 2009, n=48 for 2010) and fourth-year (n=57 for 2009, n=64 for 2010) students.
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Access During BusinessHours Versus Outside Business
Hours by Year Level 2010

All year levels (1-4) showed apreferencefor accessing Physeek
during business hours (9 am to 5 pm), although the proportion
of access outside business hours increased with year level.
First-year students accessed Physeek during business hours 68%
of thetime (1315 separate accesses), second-year students 59%
of the time (701 accesses), third-year students 55% of the time
(1815 accesses), and fourth-year students 50% of thetime (1639
accesses). There was a significant (P=.01) difference between
year levelsin the amount of resources accessed during business
hours and those accessed outside business hours. A post hoc
analysis using Pearson correlation coefficient was performed

to examine the correlation between increasing year level (1-4)
and proportion of time spent using Physeek outside business
hours. Thisreturned a significant Pearson correl ation coefficient
of 0.98 (P=.02).

Session Length by Year Level 2010

Average session lengths for each year level ranged from 46
minutes to 59 minutes, with average session times increasing
with year level (Table 1). A Kruskal-Wallis test showed that
therewas asignificant (P=.01) differencein mean session length
between year levels. A post hoc analysis using Pearson
correlation coefficient was performed to examinethe correlation
between increasing year level (1-4) and session length. This
returned a significant Pearson correlation coefficient of 0.99
(P=.01).

Table 1. Physeek database session length (minutes) by year level for students during 2010.

Session information First year Second year Third year Fourth year
Mean (minutes) 46.9 52.2 55.2 59.6
Number of sessions 500 284 1295 1396
Standard error of the mean 11 15 2 28

Median 38.6 42 35.7 385

Video Bit Rate 2010

An audit of video bit rate preference demonstrated that all
available bit rates were utilized by all year levels (1-4) when
accessing practical videos. Across all year levels (1-4), there
were 3590 video accesses. Low quality (56 kbit/s or 150 kbit/s
depending on the program) video was accessed 16% (558/3560;
95% CI 13-19) of the time, medium quality (256 kbit/s or 400

http://www.jmir.org/2013/1/e7/

kbit/s) was accessed 45% (1614/3560; 95% Cl 43-47) of the
time, and high quality video (512 kbit/s or 700 kbit/s) was
accessed 39% (1388/3560; 95% Cl 36-41) of the time.

Online Questionnaire

Thirty-nine students compl eted the online survey (81% response
rate). A summary of student responsesis presented in Table 2.
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Table 2. Likert scale responses to survey regarding Physeek utilization.
Question Response, n (%)2
Strongly dis- Disagree Neutral Agree Strongly agree
agree
| have found Physeek useful inrevising practical 1 (2.6) 0(0) 0(0) 18 (46.2) 20(51.3)
skillsfor clinical placement
Physeek has increased the efficiency of search- 1 (2.6) 0(0) 0(0) 10 (25.6) 28 (71.8)
ing for and locating clinical revision resources
Physeek has increased the time | have spentre- 0 (0) 2(5.1) 12 (30.8) 15(38.5) 10 (25.6)
vising clinical skills
Physeek hasincreased thelikelihood that | would 0 (0) 4(10.5) 5(13.2) 18 (47.4) 11 (28.9)
seek aresource beforeits intended delivery
Access to resources via Physeek hasenhanced 1 (2.6) 0(0) 6 (15.4) 21 (53.8) 11 (28.2)
my clinical performance
| have chosen not to attend alecture or practical 20 (51.3) 13(33.3) 4(10.3) 2(5.1) 0(0)

sessionin the past 12 months dueto aknowledge
that resources, ie, lecture notes, would be avail-

ableon Phymkb

@M ode response for each question is represented in italics.

b Responses for this question correspond to never, rarely, sometimes, frequently, and always instead of strongly disagree, disagree, neutral, agree, and

strongly agree, respectively.

Focus Groups

There was a general consensus among participants that the
Physeek database provided an easier and more efficient means
of accessing resources than traditional methods of delivery.
Most students agreed that this provides an advantage in
supporting clinical performance. However, student experiences
varied with regard to the ways they utilized the repository, For
example, a number of students viewed Physeek primarily as a
“quick access’ revision tool, but many also saw the potential
for an online repository to be the primary mode of delivery for
new or additional material. Similarly, students were divided on
the futureincorporation of technology and electronic education
into health care practice. Results are presented for 3 key themes:
(2) an online searchable repository is the preferred method of
accessing learning resources efficiently in workplace practice;
(2) makeit bigger, faster, and easier; and (3) online repositories
may be an effective tool to support lifelong learning and health
care delivery. Supportive quotes demonstrating each of these
themes are provided.

An Online Repository I sthe Preferred Method for
Efficient Accessto Learning Resources

A digital repository such as Physeek cannot have a positive
effect on learning and physiotherapy practiceif students do not
access its resources. Students varied somewhat in the extent to
which they felt Physeek wasuseful totheir clinical performance,
but all agreed that Physeek was the easiest way to access
resources needed for clinical revision. This comment from one
student encapsulated the feelings of most participants when
comparing Physeek to other means of accessing resources to
support clinical education:

...you can’'t even compare them...there's just that
instant access point [to the learning resources via
Physeek] when you're on clinic.

http://www.jmir.org/2013/1/e7/

There were a number of reasons why students preferred an
online repository as opposed to other methods. For example,
one topic that presented several times was the idea of efficient
access to relevant resources:

Physeek’s been really useful because you don't have
to go and sift through...

If..I didn't know where to look for a piece of
information, | could just search it and it would come
up with a list of things that could possibly be useful.

Not only did students feel that Physeek was an efficient way of
accessing resources, they also believed that the resources could
be accessed at atimethat was clinically relevant:

...especially on clinics when | was doing outpatients,
we'd know our patient the day before so then I'd go
home that night and look at all the tests and
everything that | could do, and think about all the
treatment options...

One of the other advantages of having an online repository
raised by participants was linked to the idea of resource
reliability and academic review. Many studentsfelt that because
resources were produced and updated by an academic
organization (ie, the university, evidence-based resources), they
were more confident in using them:

You know it'sreliable instead of like Google, at least
stuff on Physeek is actually correct.

Students Want a Repository That is Larger, Faster, and
Easier to Use

The focus groups revedled a number of student
recommendations for how an online repository might provide
resources more effectively to facilitate clinical performance.
These recommendations primarily focused on the idea that
Physeek could be expanded, while improving the search
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functionality of the repository. Some students remarked that,
at present, they had some difficulty in finding relevant resources
using the Physeek search function:

...there are other times when I’ve just searched for
something and the wrong information comes up.

Several students suggested that mapping or browsing functions
may make searching the database more accurate, while
increasing the number of resources relevant returned for
consideration:

If you typed “ neuro” [neurological] it would...map
it to everything that’s related to neuro so say | had a
neuro placement coming up, you could go, | don't
know what | want to learn, but I'll just...search and
see what resources they’ ve got.

Students also felt that a browse function may enhance their
ability to search through resources, enabling them to look for
cues regarding knowledge and skills that may be useful:

...you get a browse function so...you could just go
look at musc [ muscul oskeletal] and just scroll through
every musc thing we' ve done.

Lack of technological prowess did not seem to affect opinions
about Physeek. One of the key factors in facilitating uptake of
Physeek resources may be related to limiting the technol ogical
knowledge and skills needed to use the database:

No, | hate technology and that’s why | like Physeek,
becauseit'sjust like Google. If | don’t know what I'm
looking for specifically, | canjust typein MS[ multiple
sclerosis] and everything will come up.

Online RepositoriesMay Be an Effective Tool to Support
Lifelong Learning and Health Care Delivery

There are potential advantages to integrating technology into
health care practice. Students’ attitudestoward lifelong learning
and the capacity for an online repository to enhance this
demonstrated the capacity for an online repository to improve
individual health care delivery:

It would help if we still had access to it after we
finish...because as a new grad, you're till going to
be wanting to revise.

These attitudes reflect a desire by the students to continue
learning and advancing their profession after graduation:

If you don’'t embrace it, physio’s just going to be left
behind and everyone's just going to be doing what
we did twenty, thirty years ago, nothing's going to
change.

Discussion

Thispaper presentsthe results of amultifaceted study examining
student usage and perceptions of a\Web-based digital repository
designed to improve access to learning resources for health
professional learners. Thisisthefirst study to examine students
usage of an onlinelearning repository asasupport for workplace
practice and relate this to student experiences and preferences
for learning resources. Thefindings of this study provideinsight
into how online repositories could be designed or utilized by

http://www.jmir.org/2013/1/e7/
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educational institutions to enable maximal resource access and
uptake for health professional learners.

Students saw the Web-based repository as the most efficient
and the preferred source of learning resources, but also felt that
Physeek could be further improved to make resource access
even more efficient. This emphasis on efficiency is reinforced
by commentsthat amajor advantage of a\Web-based repository
is a reduction in the need to wade through irrelevant search
yields. This may account for the rapid uptake of Physeek
resources. When onefinds useful information in atime-efficient
way, this is likely to provide positive reinforcement to the
exercise of looking for relevant material. This feedback loop
encourages students to become active learners.

The results of the online questionnaire and usage audit suggest
that Physeek may have had a positive impact on student study
habits. Students reported that Physeek had increased the time
they spent on clinical revision, and the likelihood that they
would seek out resources before their intended use, again
indicating that a Web-based repository may have made students
more willing to engage in independent learning.

An audit of Physeek usage found that students were most likely
to access online learning resources to satisfy immediate
academic requirements, such as examination preparation or for
gathering information needed on clinical placements. Physeek
usage for both third- and fourth-year students peaked at times
of increased study load (eg, third-year examinations and the
fourth-year preclinical preparation period). These results are
encouraging because they demonstrate awillingness by students
to revise learned knowledge by using Web-based resources.

With the immediate access to knowledge and skills that an
online repository provides, there isthe potential for studentsto
feel that they can rely on the repository as a source of
information at the point of service delivery. All year levelsin
2010 accessed resources through Physeek during business hours
(9 am to 5 pm) significantly more than outside business hours.
However, thefirst 2 years of study are primarily campus-based,
allowing considerable time for computer access on campus
during business hours, whereas both third- and fourth-year
students accessed resources outside business hours more than
45% of the time while on placement. Revision session length
for third- and fourth-year students was also typically greater
than 55 minutes when logged on to Physeek.

This represents a considerable amount of time spent revising
material on Physeek outside of clinical placement hours. Key
student motivatorsfor after-hours access are not clear, and may
have been influenced by a lack of time during clinical hours,
reduced Internet access, or because the use of mobile devices
at the point of care is currently discouraged in most clinical
environments. Another study limitation is that although there
is no motivation for accessing the repository without utilizing
its resources, behavior of this kind would impact the accuracy
of the usage data.

It was clear that the availability of resources through a
Web-based repository did not appear to have a negative impact
on attendance at scheduled learning sessions. More than half
(51%) of the students in the study reported they had never
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skipped a lecture or practical session in the past 12 months
because the learning resources were also available on Physeek.
Another 33% said that they rarely did so. Only 2 students (5%)
said that they missed sessions frequently because the resources
were available on Physeek. Students reported that they were
more likely to use Physeek to enhance or broaden their
knowledge rather than as an alternative to lectures or practical
classes. This supportsthe findings of an observational study by
Grabe and Christopherson [2], who found that providing
supplementary onlineresources, in this caselecture notes, could
be related to improved class attendance. In this study, an online
repository appears to enable meaningful revision and
consolidation of knowledge, as well as immediacy of
information at the point of application. A repository such as
Physeek may, therefore, enhance clinical learning and practice,
aswell as patient care.

Students overwhelmingly preferred lecture notes and practical
videos as the learning resources they accessed online. Thisis
in agreement with the focus group discussionsin which students
were amost unanimous in reporting that these were the
resources most helpful to them. It may be students view these
as critical information for professional performance, whereas
self-directed learning modules and practical notes are outside
the core curriculum. However, one group of students appeared
not to realize that these non-core resources were available on
Physeek. Because Physeek provides only a search function and
not the capacity to browse topics, it is possible that students
were not aware of all the resources available to them via the
online repository. As suggested by a number of studentsin the
focus groups, a browsing or cataloging system may overcome
this limitation and increase uptake of different types of
resources.

Students tended to prefer better quality video for practical skill
revision, with the majority of videos accessed of medium or
high quality. However, approximately one-fifth of video
accesses in 2010 (n=588) utilized low quality video. It was
suggested from the focus group transcripts that this may be a
matter of convenience. For example, students who needed to
access video quickly or at slow connection speeds might use
lower bit rate video at onetime, and preferentially utilize higher
quality video when they had access to greater Internet
bandwidth. A qualitative study by Blake [9] also found that it
isthistype of flexibility that attracts studentsto the use of online
material. This supports one of the major themes from the focus
group, of making the repository “larger, faster, and easier to
use” Students generally wanted more resources available
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through Physeek, while at the same time maintaining or
improving the ease and efficiency of finding these resources.

As yet, no major modifications have been made to the
repository; therefore, it appears that the uptake of Physeek
resource access was primarily driven by growing awareness
and familiarity with the repository, and an increasing student
desireto accessresources online. Theresults of Chi-square tests
comparing uptake of each resource between 2009 and 2010
indicated that usage remained consistent over thistime. Given
that the technology for Physeek was implemented at the start
of 2009 and students were still familiarizing themselves with
using a Web-based repository, the significant amount of time
spent on Physeek over the 2-year period (Table 1) is
encouraging. These data will need to be re-evaluated as
modifications are made to the repository based on student
feedback. Further research could also be conducted to identify
which aspects of the Physeek repositories properties and
functionality hasinfluenced its successful implementation, such
as the particular tagging schema utilized allowing resourcesto
be searched by category as well as per individua item, the
consistent format of video resources alowing playback by the
built-in media player, or the ability for other learning systems
to link to resources within the Physeek repository.

Rather than providing only supplementary material, itispossible
that Web-based repositories can be the primary means of
accessing resources for health professional learners, as well as
a tool for educating patients and accessing “practical”
information. For example, Physeek may be useful in providing
patient education materials that can be readily accessed at the
bedside. When asked about possible further applications of the
online repository, students pointed to the capacity to improve
clinician recall and patient education by using interactive media,
while aso enhancing lifelong learning for heath care
professionals.

Theresults of this study indicate that today’s health professional
students welcome the benefits of online learning resources
because of their convenience and usability. This represents a
transition away from traditional learning styles toward
technological learning support, and may indicate agrowing link
between social immersion in Internet-based connections and
learning styles. The true potential for Web-based resources to
support student learning is as yet unknown. Many students
expressed a desire to continue using this type of resource
throughout their professional lives. With careful design, a
Web-based learning repository is potentially a useful model to
provide support for health professional students and graduates
in workplace practice.
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Multimedia Appendix 1
Screenshot 1 - Example of the repository search yield display.
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Multimedia Appendix 2
Screenshot 2 - Example of arepository item description.
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Abstract

Background: The Internet provides new opportunities for parents of children with difficult illnesses and disabilities to find
information and support. The Internet is particularly important for caregivers of children with special needs due to numerous
health-related decisions they face. For at-risk populations, online support communities can become key settings and channels for
health promotion and communication.

Objective: This study is an initial exploration of the information-seeking and information-provision processes present in an
online support community, which isan area of opportunity and interest for Internet-based medical research and practice. Theaim
of this study was to explore and describe information-related processes of uncertainty management in relationship to clubfoot.
Specifically, the study explored interpersonal communication (information seeking and provision) in an online support community
serving the needs of parents of children with clubfoot.

Methods: The study population consisted of messages posted to an online community by caregivers (parents) of children with
clubfoot. Thetheoretica framework informing the study wasthe Uncertainty Management Theory (UMT). The study used content
analysis to explore and categorize the content of 775 messages.

Results:  Women authored 664 of 775 messages (86%) and men authored 47 messages (6%). Caregivers managed uncertainty
through information seeking and provision behaviors that were dynamic and multilayered. The ratio of information-seeking
messages to information-provision responses was 1 to 4. All five types of information-seeking behaviors proposed by Brashers
schema were identified, most of them being correlated. Information seeking using direct questions was found to be positively
correlated to self-disclosure (r=.538), offering of a candidate answer (r=.318), and passive information seeking (r=.253).
Self-disclosure was found to be positively correlated to provision of a candidate answer (r=.324), second-guessing (r=.149), and
passive information seeking (r=.366). Provision of acandidate answer was found to be positively correlated with second-guessing
(r=.193) and passive information seeking (r=.223). Second-guessing was found to be positively correlated to passive information
seeking (r=.311). All correlations reported above were statistically significant (P<0.01). Of the 775 messages analyzed, 255
(33%) identified amedical professional or institution by name. Detailed medical information was provided in 101 (13%) messages,
with the main source of information identified being personal experience rather than medical sources.

Conclusion: Online communities can be an effective channel for caregivers, especially women, to seek and offer information
required for managing clubfoot-related uncertainty. To enhance communication with parents, health care institutions may need
to invest additional resourcesin user-friendly online information sources and online interactions with caregivers of children with
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special illnesses such as clubfoot. Furthermore, explorations of information-seeking and information-provision behaviorsin online
communities can provide valuable data for interdisciplinary health research and practice.

(J Med Internet Res 2013;15(1):€16) doi:10.2196/jmir.2423
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seeking and provision

Introduction

TheInternet is particularly important for caregivers of children
with special needs due to numerous health-related decisions
they face [1]. For at-risk populations, online support
communities can become key settings and channels for health
promotion and communication [2-4]. However, limited dataare
available on the uncertainty management behaviors exhibited
in online support communities for caregivers of children with
clubfoot [5]. In this context, it is important to explore and
analyze information seeking and information provision as
uncertainty management behaviors[6].

A parent or caregiver experiences uncertainty when caring for
a child affected by illness or disability [7-9]. Clubfoot is a
developmental disability affecting the lower limb with an
incidence of approximately 1 per 1000 live births [10]. Given
its visual nature, with one or both feet turned inwards at birth,
clubfoot can be amajor source of uncertainty for the parents of
the children affected after diagnosis and during treatment [5,11].
Uncertainty can also manifest because of the relapses that may
occur after treatment [12-14]. Furthermore, available clubfoot
treatment options vary and their efficacy depends on the
experience of the health care provider [15-17]. Dueto thelimited
time available for consultation with health care professionals
and therelativerarity of the condition, caregiversmay belikely
to turn to online support communities to manage their
illness-related uncertainty.

Uncertainty isdefined asapsychological state characterized by
insecurity and lack of clear information [18]. Similar to other
serious health conditions, the parents of children with clubfoot
face a complex situation: information about treatment may be
unavailable, information about treatment may be inconsistent,
and there may be insecurity related to limited general or
specialized knowledge about what causes clubfoot and what
the long-term effects of the condition are [19,20]. Further
sources of uncertainty may include potential stigmaof the health
condition, child development (including long-term effects of
illness), as well as selection and effectiveness of treatment
options [21,22]. Faced with such a condition, the
parent/caregiver may employ various behaviors to manage
uncertainty. However, there are gaps in knowledge regarding
uncertainty management behaviors of caregivers, especially in
online environments.

Uncertainty Management Theory

The Uncertainty Management Theory (UMT) addresses a
number of ways in which impacted individuals attempt to
reduce, maintain, or increase their level of uncertainty [18].
Individual s can manage uncertainty (theirs and others’) through

http://www.jmir.org/2013/1/e16/

appraisal processes and behavioral responses. Situation
appraisals can influence the magnitude of uncertainty and its
impact on theindividual [23]. Behavioral responses may include
information seeking and information provision, the focus of
this study. In addition to fulfilling the need for acquiring and
sharing information, exchanging information online may help
parents feel more secure in their role as a caregiver of a child
with clubfoot and validated as members of the community
[22,24,25].

Information Seeking and Uncertainty M anagement

Information is one of the tools available to manipulate
uncertainty [26]. Information seeking may include question
asking, sdf-disclosure, offering a candidate answer,
second-guessing, and passive information seeking [18].
However, the distribution of information-seeking behaviors and
their correlationsis yet to be documented.

In health-related situations, the high stakes may lead to alarge
number of venues and styles of information seeking to ensure
that the individual gains access to as much information as
possible regarding a certain health issue [27,28]. The Internet
is a venue of increasing importance for health information
exchanges. A report from the Pew Internet Research Institute
[29] indicatesthat there has been an explosion of health-related
information online, both in terms of production and
consumption, because of the increase in Internet access (74%
of American adults use the Internet). The Pew survey found
that 80% of American Internet users have searched online for
health information and that 70% of American Internet users
who are also caregivers for an ill person look for heath
information online. Of those surveyed, 40% of caregivers
indicated that online health information had been helpful [29].

Parentson the I nternet

Most clubfoot cases are diagnosed at birth, and some of the new
parents may not be ableto receive and process sufficient relevant
information during postnatal care[30]. Asaresult, new parents
may usethe Internet astheir major source of health information
[31]. It has been documented that most parental Internet users
are women [32,33], their mean age is less than 35 years old,
and many are first-time parents [34]. However, their patterns
of information seeking and provision, especialy in online
communities are unknown.

Given the increased availability of medical information, more
parents want to be part of treatment-related decision making.
The increased availability of medical information can enable
them to become informed medical consumers[35]. Parents may
become dissatisfied with the medical encounter if not given
sufficient attention or access to informational resources [36]
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and leave the consult appointment feeling that they can search
for, find, and use medical information that is superior to the
recommendations of the physician [35]. To manage uncertainty
regarding the health care provider, parents may attempt to
identify and recommend the physicians and medical institutions
that provide good care while steering away from those who
provide less than satisfactory care [37]. Online messages that
include identifying information of health care professionalsand
institutions may be used to manage the uncertainty of the
recipient (reduce, increase, or maintain) regarding selection of
the medical care provider [38]. Research exploring whether
informational exchanges within online support groups mention
health care providers and institutionsis till in itsinfancy.

The use of the Internet as an information and support sourceis
of particular importance for parents of children with illnesses
[31]. A child affected by illness or disability increases the need
for parental support and information [31], and parentswho need
to care for such a child often become active seekers of
information [28]. These parents may attempt to find as much
information as possible about the health condition of interest
including the best treatments, doctors, and facilities available
[37]. Information may be sourced using search engines, websites
recommended by friends, advertisementsin parental magazines,
and online support groups [31,39]. Data describing types of
medical information provided in online communication and
their origin in the context of clubfoot or similar congenital
disabilities are currently unavailable.

Information Seeking in Online Support Groups

Repeat visits to monitor online groups and obtain updates may
be considered as part of the ongoing process of managing
uncertainty by having the most up-to-date information and
confirming that the information acquired so far is still valid
[40Q]. Online support groups have a number of advantages such
as 24/7 availahility, lack of geographical barriers, a greater
degree of anonymity, and ability for people to carefully read
and compose messages [41-43]. Given the relative rarity of the
clubfoot condition, another advantage is the ability to find or
even meet other parents who face similar challengesin caring
for their children with clubfoot. Some disadvantages may
include lack of physical contact, potentia of negative
experiences, and lack of information quality control mechanisms
[44,45]. The lack of quality control in online communities,
especialy when discussing medical issues, may result in
information that could be conflicting, misleading, or eveninvaid
[46,47]. Thus, it isimportant to identify the sources of medical
information exchanged in a user-managed online community
that is not monitored by health care professionals.

Study Aim

The am of this study was to explore and describe
information-related processes of uncertainty management in
relationship to clubfoot. Specifically, the study explored
interpersonal  communication (information seeking and
provision) in an online support community serving the needs
of parents of children with clubfoot. The setting for the study
was a user-managed online community for the parents of
children with clubfoot. This study adds to the body of research
seeking to understand better how parents use online support
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communities to seek information and to manage uncertainty
when caring for children with rare health conditions.

Methods

Study Population

The study population was represented by messages posted to
the oldest and largest Yahoo-based user-managed online support
community dedicated to informational and social support needs
of parents of children with clubfoot. In 10 years, the group
members exchanged over 76,000 messages. The group had over
2300 members with approximately 20 new members joining
each week. Members posted over 50 new messages every week.
Active members posted messages to the community, either
seeking information or providing information and other types
of support.

Study Sample and M ethodology

The study sample consisted of randomly selected messages.
The sampling methodology was systematic random sampling
[48]. The sampling rate was 100 (every 100th message was
collected) starting with arandomly selected message posted in
the early days of the group. Researchers collected, coded, and
analyzed 775 messages posted between January 2000 and
December 2008. The study methodology received ethical
approval from the University of lowa's Institutional Review
Board, and the group owner and administrator provided
permission to conduct the research.

The study used content analysisto analyze and code messages.
Content analysis is an accepted method to study exchangesin
online support communities [42,49,50]. Descriptive variables
included gender of author, type of message, and intended
recipient of the message. These variables were recorded
separately during the data collection and deidentification
process. The gender of the author wasrecorded asfemale, male,
and unknown. The type of message was recorded as original
message if it was the first message in the thread or response to
a previous message if not the first message in the thread. The
intended recipient was recorded as individua if the message
was clearly addressed to an individual (ie, addressed by name)
or group if the message was not addressed to a specific person.

Thetypes of information-seeking behavior were coded following
the schema proposed by Brashers [5]: question-asking,
self-disclosure, offering a candidate answer, second-guessing,
and passive information seeking.

Messages with identifying information were those that included
aclear identification of afacility or medical professional, either
by name or by a description. These messages were categorized
based on the expressed overall experience of the poster in:
negative (“1 have to admit | have been left to feel rather
neglected through this recent experience with the hospital "),
neutral, or positive (“We could not be happier with our doc. He
is outstanding and caring...”).

Messages including information about diagnoses, symptoms,
regular, and alternative treatments, relapses, and other medical
issues were coded as messages dedling with medical
information. The source of medical information was classified
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as personal if it was based on the author’s experience, medical
professional if a health care provider was mentioned as source,
hospital or ingtitutional website if a link was provided, and
medical textbook or journal if the title was provided.

Statistical analyses, including intercoder reliability, were
conducted using the SPSS software package. To compute
intercoder reliability, out of the analytical sample, 15% (N=116)
of messages were randomly selected and independently coded
by 2 codersfollowing the methodol ogy proposed by Neuendorf
[48] for intercoder reliability computations. Both coders were
trained using 30 messages that were not included in the
analytical sample. Both coders maintained coding notes as
sources of datafor thematic analysisusing anaturalistic inquiry
approach based on the constant comparison method [51]. During
peer debriefing, the coders discussed 14 messages where coding
disagreements occurred, and the final coding included the
consensus opinion. To ensure validity, disagreements were
documented in the coding notes prior to achieving consensus
in order to reduce potential biases [49]. Krippendorff’s alpha
coefficients were computed for each variable. Krippendorff's
alpharanged between .84 and .98. A Krippendorff apha above
.80 was considered acceptable [48,52].

Results

Out of 775 messages coded, women posted 664 (86%) and men
posted 47 (6%) of the messages. The gender of the author was

Table 1. Correlations between types of information-seeking behaviors.

Oprescu et a

unknown for 64 (8%) of the messages. 620 out of 775 messages
(80%) were repliesto a previous message, and 155 (20%) were
initial messagesfor aratio of 4:1, indicating an average number
of four responsesfor each original message posted to the board.
The intended recipient was an individual in 559 (73%) of the
messages, while in 210 (27%) of the messages the intended
recipient was the online support group as awhole.

The most frequent information-seeking behaviors were direct
guestionsin 196 (25.3%) messages, followed by self-disclosure
in 116 (15%) messages. Other types of information-seeking
behaviors were identified as offering a candidate answer in 33
(4%) messages, passive information seeking in 31 (4%)
messages, and second-guessing in 3 (0.4%) messages. Five
Pearson product-moment correlations were conducted to
determine the correlation between various types of
information-seeking behavior. Information seeking using direct
questions was found to be positively correlated to
self-disclosure, offering of a candidate answer, and passive
information seeking. Self-disclosure wasfound to be positively
correlated to provision of acandidate answer, second-guessing,
and passive information seeking. Provision of a candidate
answer was found to be positively correlated with
second-guessing and passive information  seeking.
Second-guessing was found to be positively correlated to passive
information seeking. All correlations reported were significant
at the P<.01 level (2-tailed); see Table 1 for more detail.

Self-disclosure Candidate answer Second-guessing Passive
Direct question 5382 3182 059 2532
Self-disclosure 3042 1492 3662
Candidate answer 1932 2238
Second-guessing 3112

8 Correlation was significant at the .01 level (2-tailed).

Of the 775 messages analyzed, 255 messages (33%) included
names of health care professionals or institutions. 84 of the 255
messages (33%) provided detailed comments about the named
health care professionals or institutions. Of the 84 detailed
comments related to health care professionals and ingtitutions,
54 (64%) were positive. Community members strongly urged
the recipient to seek a second opinion or to change the health
care provider in 30 of the 84 messages (36%).

Of the 775 messages analyzed, 101 messages (13%) included
detailed medical information. Of the 101 messages providing
medical information, 45 messages (45%) addressed bracing
(specia shoes the child wears after the casting is completed),
13 messages (13%) provided general information about clubfoot
and the treatment options, 11 messages (11%) addressed
relapses, and 11 messages (11%) addressed casting issues. The
sources of information identified were personal experience in
60 messages (60%), followed by a medical professional in 20
messages (20%), and medical textbooksjournals or
hospitalg/institutional websitesin 5 messages (5%).

http://www.jmir.org/2013/1/e16/

Theanalysis of coding notesindicated that information-seeking
messageswere generative, dynamic, multilayered, and repetitive.
Information-seeking messages were likely to generate
information-provision messages. While an exact count was not
possible, most information-seeking messages seem to originate
from new motherswho recently joined the community following
the clubfoot diagnosis or relapse. I nformation-seeking messages
reflected fear and anxiety. They were dynamic in content with
guestions ranging from diagnosis, treatment options, treatment
problems, bracing problems, and later on relapses. Finally, to
eicit information from community members, those in
information-seeking mode employed multiple layers of
information-seeking behaviors.

A magjority of information-provision messages seemed to be
authored by parents during or after the treatment. These
messages often included a combination of information and
emotional support directed to the receiver. During the early
years of the community, some members used the content of
previouswell-written messages to answer new inquiries. During
the later years of the community, given the repetitive nature of
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inquiries, some of the more experienced community members
created and maintained a list of “frequently asked questions’
and a collection of pictures to help respond more effectively to
information requests.

The willingness to identify, generate, and use information
needed to manage uncertainty was observed in both
information-seeking and information-provision messages. The
authors of information-seeking messages seemed to have as a
primary objective the management of their own uncertainty.
The authors of information-provision messages seemed to have
as their primary objective the management of the recipients
uncertainty.

Discussion

The study explored interpersonal communication (information
seeking and provision) in an online support community serving
the needs of parents of children with clubfoot. The discussion
sections include: (1) online group characteristics, (2)
information-seeking behaviors, (3) messagesidentifying health
care providers, and (4) messages providing medical information
and the sources of medical information. Females posted alarge
proportion of the messages. The ratio of initial messages to
responses was 1:4. All five types of information-seeking
behaviors proposed by Brashers' schemawere identified, most
of them being correlated. Two thirds of the messages mentioned
a medical professional, with one in three of those messages
providing detailed comments. One in seven messages included
medical information, with the main source of information
specified being persona experience.

Online Group Characteristics

During the study period, the messages posted addressed various
issues related to caring for a child with clubfoot. The majority
of active members were mothers of children with clubfoot
indicating that they arethe parent morelikely to actively engage
in online support groups to find and share information about
clubfoot. This supports other literature that suggests mothers
take the main responsibility for the health care of the family in
general and of the children in particular [37,39,53]. It aso
suggests that women may be more likely than men to actively
use support groups [54]. Thisfinding may inform future health
communication initiatives and ensure that messages directed to
parents are tailored to the predominantly female audience.

Infor mation-Seeking Behavior s

The most frequently used types of information-seeking behavior
in the online community were direct questions and
self-disclosure, both of them linked with attempts to manage
uncertainty. Furthermore, community members tended to use
combinations of information-seeking behaviors designed to
generate responses from the community and to build trust. This
may alow them to manage multiple layers of interconnected
uncertainties: both knowledge-related and interpersonal -rel ated
[20]. Information-seeking behaviors were the starting point for
exchanges of information in online communities, creating
conditions for combining knowledge from multiple sources
such asindividuas, health care professionals, and I nternet-based
resources [55].

http://www.jmir.org/2013/1/e16/
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M essages | dentifying Health Care Providers

According to UMT, individual s use information and other means
to increase, maintain, or decrease their uncertainty levels [5].
The results suggested that the main purpose of the clubfoot
online community isto allow caregiversto request and exchange
information and other types of support. Much of theinformation
provided seems to originate from the persona experience of
caring for a child with clubfoot. Such information, in addition
to providing solutions to various issues encountered over the
course of the treatment, also included names of health care
professionals and accounts of hospital visits. Two thirds of the
comments regarding physicians and clubfoot treatment were
positive. Message distribution suggests that the purpose of the
community was not to serve as a scoreboard for physicians or
medical care ingtitutions. However, where necessary, group
members will urge for second opinions or even for changing
medical care providersif the accounts of medical visits do not
fit standards of treatment or if some members of the message
board had negative experiences with a particular physician or
hospital.

Medical Information

Thefact that hospital and institutional websites were rarely the
source of medical information posted in online message boards
is akey finding since health care information is one of the top
subjects that people are looking for on the Internet, with over
12.5 million searches per day focusing on health issues [35].
Additionally, more and more parents want to have as much
information as possible about the health care and condition of
their child [27,28].

One major reason for illness-related uncertainty is the lack of
clear, accurate, and complete information from atrusted source
[20,22]. Hospitalsand medical care providersrepresent atrusted
source of medical information [35], and yet it is important to
note the limited reliance on and reference to medical information
available on the websites of medical institutions. Thismay have
three potential explanations. the information is not available,
reliable information is difficult to find, existing information is
difficult to understand, or physicians do not encourage their
patientsto take advantage of the existing reliable Internet-based
information. While some hospital websites may provide clear
and accurate information, caregivers rarely mentioned this
information source.

The quality and effectiveness of medical information on the
Internet isan issue of concern for health communication scholars
and health care practitioners [31,56]. For enhanced health
communication, physicians may need to become familiar with
high-quality and reliable information websites. Thiswill allow
them to increase the quality of information available to parents
and to manage their uncertainty in the context of clubfoot care
and other similar health conditions. Therefore, it is suggested
that medical institutions dedicate additional resources needed
to create high-quality online resources providing information
on various aspects of the health condition [57]. The existing
medical institutional websites in general are perceived as less
attractive and difficult to use [58]. Furthermore, in the context
of clubfoot, it is suggested that health professionalsrecommend
reliable websites to their clients during the medical encounter
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as an Internet prescription [44]. This may increase client
satisfaction and efficiently use the available consultation time
by answering critical care questions and directing clients to
online resources such as online support communities [59].

In this context, both medical encounters and online support
communities could be efficient as diffusion mechanisms for
medical information. The online environment appears to offer
excellent opportunities for health care professionals and health
communication professionals to provide high-quality medical
information to caregiverswho arein information-seeking mode
[57]. The online environment also offers opportunities for
innovative interdisciplinary research that can use information
technol ogy to bridge gaps between nursing, medicine, and health
communication among others [43,45,57,60].

Study Limitations and Future Research

First, this study was limited to an online support community
dedicated to caregivers of children with clubfoot. Thus,
generalizations to other conditions may not be possible. Future
studies may need to explore and compareinformation-exchange
processes in online communities dedicated to other conditions.
Current advances in online content research such as natural
language processing may be appropriate for analysis and
comparison of large datasets across health conditions and
disciplines [60].

Second, it isimportant to note that the members of any online
community differ in their levels of participation [61]. Thereare
members who write messages frequently, members who write
occasionally, and members who only read messages. The data
collected in this study did not allow for such a categorization
of participants. Future research may need to examine online
information exchanges while considering participation frequency
and length. Furthermore, we do not know information-seeking
behaviors for those who did not join the group. It may be that
some caregivers do not use this community for various reasons
and their information-seeking behaviors may be different [62].
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Physician-to-patient interactions are one-to-one interactions,
while interactions in the context of online communities are
one-to-many and many-to-one. The online environment may
allow one-to-many and many-to-oneinteractionsto berelatively
easy, efficient, and effective by combining the knowledge and
intelligence of the group members and preserving the output in
awritten and persistent format. This is an advantage of online
communities that deserves more attention and that will require
further interdisciplinary research, for example, modeling the
communication pathways and individual involvement in the
online exchangesin accordance with the research pioneered by
Bambina [63]. Such research could provide direction for
additional ways that health care professionals could become
moreinvolved in the fabric and activities of user-managed online
communities dedicated to caregivers of children with special
health conditions. Finaly, future research could employ
collaboration between members of online communities and
scholars from various disciplines [64,65].

Conclusion

There is an increasing interest among health practitioners and
scholarsin the Internet-based behaviors of parents of ill children
because of the need to increase effectiveness of health
communication initiatives. This paper described information
exchangesin the context of an online support community created
and managed by parents of children with clubfoot. Caregivers
seeking and providing information in online communities can
fill a critica gap through communication processes that are
timely and relevant. To enhance communication with parents,
health care institutions may need to invest additional resources
in user-friendly online information sources and online
interactions with caregivers of children with special illnesses
such as clubfoot. Furthermore, explorations of information
seeking and provision behaviors in online communities can
provide valuable data for interdisciplinary health research and
practice.
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