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Abstract

Background: Previous research on the effectiveness of online alcohol interventions for college students has shown mixed
results. Small benefits have been found in some studies and because onlineinterventions are inexpensive and possible to implement
on alarge scale, there isaneed for further study.

Objective: This study evaluated the effectiveness of national provision of a brief online acohol intervention for students in
Sweden.

Methods: Risky drinkers at 9 colleges and universities in Sweden were invited by mail and identified using a single screening
guestion. These students (N=1605) gave consent and were randomized into a 2-arm parallel group randomized controlled trial
consisting of immediate or delayed access to a fully automated online assessment and intervention with personalized feedback.

Results: After 2 months, there was no strong evidence of effectivenesswith no statistically significant differencesin the planned
analyses, although there were some indication of possible benefit in sensitivity analyses suggesting an intervention effect of a
10% reduction (95% CI —30% to 10%) in total weekly alcohol consumption. Also, differencesin effect sizes between universities
were seen with participants from a major university (n=365) reducing their weekly alcohol consumption by 14% (95% CI —23%
to —4%). However, lower recruitment than planned and differential attrition in the intervention and control group (49% vs 68%)
complicated interpretation of the outcome data.

Conclusions: Any effects of current national provision are likely to be small and further research and development work is
needed to enhance effectiveness.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 02335307,
http://www.isrctn.com/ISRCTN02335307 (Archived by WebCite at http://www.webcitation.org/6ZdPUhOR4).
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Introduction

College and university studentsin Sweden, asin other parts of
the world, drink alcohol heavily [1-2]. Because acohal is
responsible for substantial adverse health consequences and
social problems[3-4], thereisaneed for effectiveinterventions.
Swedish universities offer preventive servicesaiming at reducing
drinking among students through 26 local student health care
centers nationally. Human resources (ie, staff numbers) are not
sufficient to offer face-to-face brief interventions to al risky
(hazardous) or problem (harmful) drinkers, athough such
interventions have been shown to have small beneficia effects
[5-6]. Even if offered, take-up can be expected to be low and
the Internet offers promise for wider-reaching and cost-effective
interventions [6,7].

Existing evidence of the effectiveness of online interventions
with students is mixed [6-8] partly because of unresolved
methodological challenges including attrition prevention and
assessment reactivity [9]. Inanarrative review in 2008 on online
alcohal interventions targeting students, Elliott et al [10] found
an effect that was better than no intervention and equivalent
with other acohol interventions. In another review in 2009,
Carey et al [6] reviewed the effect of online acohol intervention
including 26 studies targeting students and found an overall
short-term reduction in alcohol consumption with weighted
mean effect sizes for various alcohol measures from
approximately 0.13 to 0.29 that decreased over time. A
significant variahility in efficacy was seen dueto aheterogeneity
of content, tailoring, and method of access to the intervention
(ie, logging on to a website on home computer or performing
the intervention in an office-based setting) [6]. In a later
meta-analysis in 2009 of 43 online interventions to student
populations, the interventionswere found to reduce both quantity
and frequency measures of consumption with small effect sizes
(0.09 to 0.28) over short (5 weeks or less) and long-term
intervals (6 weeks or more) [11]. Inareview in 2011 including
19 randomized controlled trial (RCT) studies where the student
population represented the largest proportions of participants,
asignificant reduction in weekly alcohol consumption and binge
drinking were found in student populations, but the findings
were tentative because of methodological weaknesses in the
studies [8]. In the most recent review in 2014 including 23
studies in which most were performed among student
populations, online alcohol interventions were found effective
in reducing consumption up to a 12-month period with amean
difference in consumption of approximately 1.5 to 2 standard
drinks of alcohol [7].

After alarge pilot study that successfully addressed study design
issues [12-14], the AMADEUS-1 trial in Sweden [15-16]
targeted both risky and nonrisky drinkers in  a
nontreatment-seeking student popul ation and showed small but
beneficia effects of assessment in comparison with ano-contact
control group, with little additional impact of feedback [16].

http://www.jmir.org/2015/7/e170/

AMADEUS-1 used an unconventional trial design with students
unaware they were participating in a trial [15]. We preferred
not to ater theintervention content of the national system based
on this single evaluation study with an unconventiona trial
design. These considerations led us to design the subsequent
study, AMADEUS-2, as a conventional 2-arm RCT design
targeting hazardous and harmful drinkers only, using a single
screening question and no baseline assessment to minimize
assessment resctivity [4,17]. AMADEUS-2[18] aimsto provide
a further evaluation of the national system for online acohol
intervention used in routine practice among the student health
care centers in Sweden, specifically among the key target
population of hazardous and harmful drinkers.

Methods

Study Design and Hypothesis

The study was a 2-arm parallel group RCT in which routine
provision of single-session online alcohol assessment and
feedback intervention (Group 1) was compared with
nonintervention (Group 2) by delaying accessto theintervention
for 2 months until research follow-up was completed. Sweden
isthefirst country to implement a national system of proactive
alcohol intervention for studentsviastudent health care services.
However, the timing of intervention delivery varies across
Sweden and we took advantage of this lack of standardization
of timing to implement random all ocation at theindividua level
in this effectiveness evaluation study. The primary hypothesis
was that theintervention group would reduce their total weekly
alcohol consumption compared to the control group after 2
months. Ethical approval for the study was granted by the
Regional Ethical Committee in Ostergotland, Sweden (no:
2013/46-31).

Study Procedures I ncluding Recruitment and
Randomization

The study was undertaken in 9 of 26 student health care centers
in Sweden, each providing servicesto one university or college.
These centers were selected on the basis that they had not
previously been involved in RCTsin our research program. All
students in their 2nd, 4th, or 6th terms (n=54,507) at the 9
colleges/universitieswere sent an email in March 2013 inviting
them to answer asingle question about their drinking. If eligible
for trial participation, they were provided with information
permitting fully informed consent, making this study unlike
AMADEUS-1. The number of students invited varied across
the colleges/universities according to their size from 831 in the
smallest college (Gévle) to 13,102 in the largest university
(Lund). The single screening question used was the third item
of the Alcohol Use Disorders Identification Test (AUDIT)
guestionnaire on the frequency of heavy episodic drinking
(HED) [19], used here with a 3-month timeframe. Single alcohol
screening questions have been validated asidentifying hazardous
and harmful drinkersin different settings [20-21] and thistype
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of drinking is particularly important in this population [22].
Students who were drinking 5 standard drinks (12 grams of
alcohol in Sweden) or more for men or 4 standard drinks or
more for women twice a month or more often were deemed
eligible for trial participation. This approach was previously
used by Walters and colleagues [23] who were similarly
concerned to avoid reactivity to screening. The key underlying
problem to be avoided was that assessment and intervention
effects could interact to bias estimates of the effects of
behavioral interventionsin trials [15,16,24].

The initial email routinely sent from the participating student
health care center was altered to invite study participation.
Eligible consenting students were immediately randomized to
intervention or control conditions. Randomization was done
using Javas built in random number generator
(java.util.Random); thus, randomization wasfully computerized,
did not employ any strata or blocks, and all subsequent study
processes were fully automated (programmed by MB). Unlike
the AMADEUS-1trial [14], therewas no blinding in this study.
The former group gained immediate access to the intervention
and the latter group were informed that they would be able to
access the intervention in 2 months' time. Two months later,
both groups were sent an identical email by the researchers.
Thisemail contained an invitation to participatein the follow-up
survey, which included the same questions and type of feedback
used in the baseline intervention received by the intervention
group 2 months earlier. There were a total of 4 reminders
(making 5 opportunities to respond in al), initially at weekly
intervals, then at shorter intervals, with the final email making
clear that thiswasthe last opportunity to respond and allowing
2 days to do so. There were no incentives used to encourage
study participation or retention.

http://www.jmir.org/2015/7/e170/
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I ntervention Content

Immediately after randomization, the intervention group only
were asked to complete an assessment. Four questions were
asked about sex, age, domestic situation, and faculty of study.
Alcohol consumption was calculated astotal number of standard
drinks for each of the 7 days in a typical week during the last
3 months (this intervention component was aso later used as
the primary outcome in the trial and note was unavailable for
the control group to minimize reactivity); other questions
explored frequency of HED, the largest amount of alcohol intake
in standard drinks on asingle occasion during the last 3 months,
negative experiences perceived to be related to alcohol, and
motivation to reduce acohol consumption (Figures 1-3).
Participants then received feedback consisting of 3 statements
summarizing their weekly consumption, their frequency of
HED, and their highest blood al cohol concentration during the
last 4 weeks, comparing drinking patterns against the safe
drinking limits established by the Swedish Institute for Public
Health [25]. Also, a graphic illustration of their level of risk
was given using green, yellow, and red colors to indicate risk
status. After this followed comprehensive normative feedback
withinformation describing participants’ alcohol use compared
to their peersin Swedish universities (adjusted for sex and age
group) and, if applicable, personalized advice on reducing
unhealthy levels or patterns of consumption. The feedback was
shown on the screen and could also be printed out by the student.
A PDF version of thefeedback was al so emailed to the students
immediately after closing this page. A demonstration version
in English of the assessment and feedback intervention can be
viewed online [26].
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Figure 1. Screenshot of AMADEUS: assessment of heavy episodic drinking.
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Figure 2. Screenshot of AMADEUS: assessment of weekly drinking.
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Figure 3. Screenshot of AMADEUS: assessment of negative consequences.

£ Previous Quit W

Have your alcohol habits during the My economy
past 3 months had any negative
consequences? My job

You can select multiple options My relation with family and friends

| have been in situations | regret
My mental health

My physical health

| have been engaged in fights/been a victim of
violence

http://www.jmir.org/2015/7/e170/ JMed Internet Res 2015 | val. 17 |iss. 7 |€170 | p.8

(page number not for citation purposes)
XSL-FO

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Sample Size

The margina costs involved in delivering online interventions
to large numbers of participantsin both routine practice and in
scientific studies are low and much lower than other brief
interventions after the developmental costs are met [21-22].
Therefore, even very small effects are likely aso to be highly
cost effective above the basic threshold cost involved in
providing the service. These observations led usto believe that
the sample should be aslarge as possible in order to detect very
small effects. To assist study planning, we undertook an
illustrative power calculation. To detect an effect size of d=0.1
standard deviations between the 2 groups with 5% significance
level and 80% power required 1600 individuals analyzed per
group. Assuming a follow-up rate of 50%, we aimed at
recruiting 3200 individuals per group (ie 6400 in total). We had
no data on the number of screen positives who might bewilling
to participatein thetrial, but assumed approximately 70% would
do so, meaning that we would need to identify approximately
8000 hazardous and harmful drinkers. In order to identify these
number of participants, we needed to send emails to
approximately 40,000 students with an average response rate
of 40% (ie, n=16,000) and a 50% prevalence rate. We could
not be confident of these estimates because, for example,
patterns of email use vary considerably between colleges, being
compulsory in some ingtitutions and rarely used in others.
Therefore, we decided to undertake the study in 9
colleges/universities with a total student enrollment of 54,507
students.

Outcome Evaluation

Thisstudy used asingle 2-month foll ow-up assessment interval,
after which the control group gained access to the intervention.
Thus, this study provides direct information only on the
short-term effects of theintervention, although we stated apriori
that if we found no short-term effects, we would not expect any
longer-term effects [18].

The primary outcome was total weekly alcohol consumption.
Thiswas computed as the sum of alcohol consumed in standard
drinks for each of the 7 days in a typical week, with data on
each day of theweek provided separately. Secondary outcomes
were the proportions of students still drinking above national
guidelines [25], frequency of drinking (number of days per
week), quantity of drinks per drinking day, frequency of HED
as defined in the screening question, highest estimated blood
alcohol concentration (eBAC), and motivation to change.

Because there was no research assessment at study entry,
information at this point was restricted to university, term, time
from sending of invitation email to consent, and the frequency
of HED from the screening question. At foll ow-up, we obtained
additional information that was not possible, or not likely, to
have been altered or atered differentially during the study period
and which we used to examine equivalence: age, gender, weight,
faculty of study, domestic status, and language used to answer
the assessment and feedback language (Swedish or English).
We also used measures of engagement with the study (device
used, number of follow-up emails sent, and el apsed time before
follow-up was compl eted).

http://www.jmir.org/2015/7/e170/
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Statistical M ethods

All outcomeswere compared between randomized groups under
the intention-to-treat principle (ie, including all randomized
individuals in their originaly randomized groups). The
characteristics of responders at follow-up were compared
between groups using chi-square tests or Fisher's exact test for
comparison of proportions and Student’st test for comparison
of means. Wilcoxon rank sum test was used to compare groups
regarding time to follow-up. A linear trend test was applied to
detect a possible trend in proportion of responsesin relation to
the number of email reminders before responding. Continuous
outcome measures were assessed for skewness by visual
inspection of histograms and Q-Q plots. Skewed continuous
outcome were analyzed by negative binomial regression, and
results are reported as percent reduction. Drinking above
national guidelines was analyzed by logistic regression and
reported as percentage reduction in odds. Frequency of HED
occasions was analyzed by ordered logistic regression and
reported as a percentage reduction in odds for exceeding any
level. All regression analyses were performed first unadjusted
and then adjusted for frequency of HED at baseline, age,
university, and gender using the first 2 as continuous variables
(thus allowing for dependence between individualsin the same
university); the adjusted analysis was specified a priori as the
primary result. A sensitivity analysis excluded 3 outliersin the
follow-up assessment with extreme reported weekly
consumption values.

Missing outcome datawereinitialy handled by acomplete-case
analysis assuming that the datawere missing at random (MAR).
If data were not MAR, then nonresponders differed
systematically from respondersand early responderswerelikely
to differ systematically from late responders, who were likely
to be more similar to nonresponders [23]. Therefore, we
explored the plausibility of the MAR assumption by regressing
the primary outcome on the number of follow-up emails needed
before an individual responded using a negative binomial
regression in responders. a significant association would cast
doubt on the MAR assumption. To allow for the possibility of
databeing missing not at random, wefitted the repeated attempts
model of Jackson et a [27]. This model was not available in
standard software for negative binomial regression, so we
applied it to alinear regression of log (alcohol consumption +
k), where k=24 units’'week was chosen to eliminate skewness.

Tests for whether the intervention effect was modified by
frequency of HED at baseline, age, university, and gender were
undertaken for the primary outcome only and the first 2 were
used as continuous variables. A post hoc sensitivity analysis
accounted for possible heterogeneity between universities of
treatment effects on weekly acohol consumption using a2-stage
approach. Thetreatment effects on weekly alcohol consumption
were first estimated in each university separately by negative
binomial regression (adjusted for frequency of HED at baseline,
age, and gender using the first 2 as continuous variables) and
were then combined in arandom effects meta-analysis.
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Results

Study Population Char acteristics

Figure 4 depicts the flow of participants from the invitation to
thefollow-up. Intotal, 1605 risky (both hazardous and harmful)
drinkers agreed to participate in the study and were randomized
to theintervention arm (n=825) or control arm (n=780). In Table
1, theintervention and control groups are compared at baseline

Table 1. Comparison of groups at baseline (N=1605).

Bendtsen et al

for frequency of HED, term, and time to consent. Some of the
smaller participating college/universities only managed to recruit
a few risky drinkers. For one college (Géavle), none of the 4
recruited participants were randomized to the control group, so
this college was necessarily excluded from the remaining
analyses including college. Two large universities (Lund and
Uppsala) contributed approximately two-thirds of all
participants. Therewere no differences between theintervention
and control groups with regard to baseline characteristics.

Baseline data Intervention Control
(n=825) (n=780)
HED ?occasions, n (%)
2-3 times amonth 434 (52.6) 422 (54.1)
1-2 times aweek 350 (42.4) 323 (41.4)
>3 times aweek 41 (5.0) 35(4.5)
University, n (%)
Blekinge 23(2.8) 31 (4.0
Linné 85(10.3) 65 (8.3)
Malmé 78 (9.5) 57 (7.3)
Lund 293 (35.5) 275 (35.3)
Gavle 4(0.5) 0(0.0)
Halmstad 27 (3.3) 38 (4.9)
Malardalen 21(2.5) 27 (3.5)
Skévde 24(2.9) 22(2.8)
Uppsaa 270 (32.7) 265 (34.0)
Term, n (%)
2 352 (42.7) 306 (39.2)
4 263 (31.9) 251 (32.2)
6 210 (25.5) 223 (28.6)
Time to consent (hours), median (IQR) 93 (4-200) 102 (5-190)

4 HED: Heavy episodic drinking assessed by the question “How often, during the past 3 months, have you consumed 4 (women) or 5 (men) standard

drinks on 1 occasion?”’

The control group were much more likely to participate at
follow-up (67.8% vs 49.0%, P<.001). Table 2 compares the
characteristics of these respondersin theintervention and control
group at follow-up. None of the characteristics unlikely to have
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been altered since baseline differed between the 2 groups. There
was a statistically significant decrease in the proportion of
responses in relation to the number of email reminders before
responding (P=.02).
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Table 2. Comparison of groups at follow-up? (N=931).

Bendtsen et al

Characteristics Intervention (n=402) Control (n=529) pb
Characteristics unlikely to have changed since basgline
Gender, n (%) ©
Male 198 (49.3) 276 (52.2) 38
Female 204 (50.7) 253 (47.8)
Age (years), n (%) ©
<18 62 (15.4) 81 (15.3) 60
18-20 271 (67.4) 366 (69.2)
21-25 49 (12.2) 65 (12.3)
26-30 20(5.0) 17 (3.2)
Faculty of study, n (%) ©
Science and engineering 128 (31.8) 168 (31.8) .90
Humanities 213 (53.0) 286 (54.1)
Medical 61 (15.2) 75 (14.2)
Language used, n (%) ©
Swedish 387 (96.3) 511 (96.6) .79
English 15(3.7) 18 (3.4)
Domestic status, n (%)
Living alone without kids at home 267 (66.4) 360 (68.1) .06
Living alone with kids at home 3(0.7) 1(0.2)
Living with somebody without kids 74 (18.4) 101 (19.1)
Living with somebody with kids 15(3.7) 6(1.1)
Have a partner but not living together 43(10.7) 61 (11.5)
Domestic status (3 categories), n (%)
Living alone 270 (67.2) 361 (68.2) 75
Living with somebody 89 (22.1) 107 (20.2)
Have a partner but not living together 43 (10.7) 61 (11.5)
Weight (kg), mean (SD)¢ 71.53 (13.35) 70.92 (12.24)
Characteristics specific to follow-up
Deviceused, n (%)
Mobile phone 85(21.1) 129 (24.4) .39
Laptop 302 (75.1) 376 (71.1)
Tablet 15(3.7) 24 (4.5)
Time to follow-up (hours), median (IQR) 71(279) 48 (207) 0.31
Number of follow-up emails before response, n (%)
1 222 (55.2) 315 (59.6) o7e
2 82 (20.4) 103 (19.5)
3 51 (12.7) 70 (13.2)
4 27(6.7) 23(4.3)
5 20 (5.0) 18 (3.4)

a\Without university of Gavle; this is the population used for the primary analysesin Table 3.
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b All P-values were provided for heterogeneity except for variable number of follow-up emails. Determined using chi-square test (gender, age, faculty,
language, domestic status 3 categories), Fisher exact test (domestic status), Student’s t test (weight), Wilcoxon rank sum test (time to follow-up), or
linear trend test (number of follow-up emails).

¢ Regarded as baseline variables in the analysis.
9 | ntervention: n=401; control: n=528.
€ Trend test.

Figure 4. Flowchart of the AMADEUS study.

9 universities with total
student population

N= 54,507

Nonresponders and risky
drinkers not consenting
to participate
N=47,535

Nonrisky drinkers
N=5367

Risky drinkers
consenting to participate
N=1605

-7 O\

Randomized to the
intervention group
N=825

l

Randomized to the
control group
N=780

Followed up
N= 404 (48.5%)

l

Followed up
N= 529 (67.8%)

}

Received the
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intervention group for all primary and secondary outcomes.

Main Findings However, none of these differences were statistically significant
The main outcomes are displayed in Table 3. Small differences  in the primary adjusted analyses.

indicative of lower risk consumption were observed for the
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Table 3. Tria outcomes (n=931).

Bendtsen et al

Intervention Control
Outcomes (n=402) (n=529) % Reduction in mean or odds?
Unadjusted Adjusted®
% (95% Cl) P % (95% Cl) P
Primary outcome
Weekly alcohol consumption 113.4 (81.1) 120.8 (86.4) 6% (=3%, 14%) 18 6% (—2%, 13%) 13
(g/week), mean (SD)
Secondary outcomes
Proportion drinking above national
guidelines,® n (%) 370 (92.0) 492 (93.0) 13% (~42%, 47%) 58 5% (-59%, 43%) 85
Frequency of drinking 2.30 (1.52) 2.34 (1.53) 2% (—7%, 10%) 67 1% (8%, 9%) .85
(days/week), mean (SD)
Number of drinks per drinking
day, mean (SD) 45(2.6) 47 (2.7) 5% (—2%, 12%) 14 4% (-3%, 11%)P 23
Frequency of HED occasions, n 16% (—7%, 33%) A7 14% (—10%, 33%) 24
(%)
Never 11(2.7) 8(1.5)
<1timeamonth 22 (5.5) 29 (5.5)
Approximately onceamonth 64 (15.9) 82 (15.5)
2-3 times amonth 169 (42.0) 207 (39.1)
1-2 times aweek 128 (31.8) 187 (35.3)
=3 times aweek 8(2.0) 16 (3.0)
Highest eBAC, mean (SD) 1.16 (1.08) 1.31(1.14) 11% (0%, 21%) .05  11% (1%, 20%) .06
Mootivation to change, €n (%) 4% (—21%, 25%) 71 2% (—24%, 23%) .86
| have had no thoughtsabout 175 (43.6) 225 (42.6)
decreasing
| have thought about decreas- 87 (21.7) 108 (20.5)
ing, but | am not thinking about
it right now
| am thinking about how | will 28 (7.0) 50 (9.5)
decrease
| have started decreasing 105 (26.2) 135 (25.6)
| have tried to decrease, but 6(1.5) 10 (1.9)

failed

80f intervention compared to control. Reduction in mean by negative binomial regression: weekly alcohol consumption, frequency of drinking, number
of drinks per drinking day, and highest eBAC; reduction in odds by logistic regression: proportion drinking about national guidelines; reduction in odds
of exceeding any cutoff by ordered logistic regression: frequency of HED occasions, motivation to change.

b Adjusted for frequency of heavy episodic drinking at baseline, age, university, and gender, using thefirst 2 as continuous variables.
€ Risky drinker: heavy episodic drinking (HED) >once per month and/or total weekly consumption >14 standard drinks (men) or 9 (women).

9 | ntervention: n=395; control: n=523.
€ Intervention: n=401; control: n=528.

Additional Analyses

Effect modification analyses did not reveal any statistically
significant findings. However, the interaction between university
and randomized group had a P-value of .07. Therefore, we
explored this in a post hoc sensitivity analysis allowing the
treatment effect to vary by university. The random effects
meta-analysis (Figure 5) showed a 7% reduction in weekly

http://www.jmir.org/2015/7/e170/

RenderX

alcohol consumption that was not statistically significant (95%
Cl —16% to 4%, P=.20). The confidenceintervals of theanalysis
adjusted by cluster were somewhat wider than in the unadjusted
analysis.

We aso considered the statistically significant between-group
difference for Uppsala (n=365), where weekly alcohol
consumption was approximately 14% lower (95% Cl —23% to
—4%, P=.009 adjusted) in theintervention group than the control
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group. Further analysis of 3 secondary outcomes for Uppsala
University also showed a significant difference in number of
drinks per drinking day with 13% fewer (95% Cl —23% to 3%,
P=.01 adjusted), but no significant differencesfor frequency of
drinking and highest eBAC.

In the assessment for skewness of the continuous variables, we
found 1 outlier in the treatment group (with weekly alcohol
consumption of 1044 g/week) and 2 outliersin the control group
(with weekly alcohol consumption of 1128 and 1524 g/week).
The maximum reported weekly alcohol consumption of those
not excluded was 552 g/week in the treatment group and 456
g/week in the control group. Therefore, we performed a
sengitivity analysiswithout these outliers. Inthisanalysis, which
was not specified a priori, the between-group difference in the
primary outcome, weekly alcohol consumption, in the primary
adjusted analysis, crossed the conventional threshold for
statistical significance (8% reduction, 95% ClI —15% to 0%,

Bendtsen et al

P=.049 adjusted; 10% reduction, 95% CI —17% to —1%, P=.02
unadjusted). No statistically significant differences were seen
for the secondary outcomes in the primary adjusted analyses,
although eBAC was statistically significant in the unadjusted
analysis (11% reduction, 95% CI 0% to 21%, P=.047) but did
not meet significance in the adjusted analysis (11% reduction,
95% Cl —21% to 1%, P=.06).

The preceding analyses assumed the data were MAR. There
was no statistically significant association between the primary
outcome and the number of email reminders before answering
the follow-up (P=.71), so the data are consistent with the MAR
assumption. Another post hoc analysis assessed time to consent
and found no association and thus no evidence that data were
not MAR. Analyses using the repeated attempts model and
linear regression suggested an intervention effect of a 10%
reduction (95% CI —30% to 10%).

Figure5. Forest plot of ratio of means in weekly alcohol consumption comparing intervention to control.

Study Mean %

ID ratio (95% Cl)  Weight
Blekinge —*:—— 0.90 (0.60, 1.34) 6.53
Linné ——-"— 1.25 (0.95, 1.66) 11.92
Malmé —0—— 0.92 (0.61, 1.40) 6.07
Lund ——-‘-— 0.95 (0.83, 1.09) 29.51
Halmstad : 0.99 (0.56, 1.73) 3.54
Malardalen 1.15(0.61, 2.17) 2.75
Skovde 0.64 (0.41, 1.01) 5.19
Uppsala —0—'- 0.86 (0.77, 0.96) 34.50
Overall (I-squared = 24.7%, p = 0.232) <> 0.93 (0.84, 1.04) 100.00

NOTE: Weights are from random effects anélyjsis

T T T
; ) ) 1
favours intervention

Discussion

The study found no strong evidence of short-term effectiveness
of the Swedish national system of proactive online alcohol
intervention for university and college students. However,
inspection of the confidence intervals for the primary outcome
(in Table 3) reveals that this study does not rule out an
intervention effect of up to 13% reduction in total weekly
alcohol consumption. The sensitivity analysisexcluding outliers
suggests an intervention effect on reduced total weekly alcohol
consumption, athough the statistical significance attained in
that analysis should be treated with caution because that
particular analysis was not prespecified. We have no reason to
anticipate later occurring effects because brief intervention
effects generally wane with time [5] and the short-term nature
of thisevaluation study isimportant to notein interpreting study
findings. The best estimate of the intervention effect in Uppsala
is larger (14% reduction in total weekly alcohol consumption

http://www.jmir.org/2015/7/e170/
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favours control

compared to 6% across Sweden as awhole) and is statistically
significant. This finding should be interpreted as hypothesis
generating because, although prespecified, the differences in
intervention effect across the universities as a whole were not
statistically significant.

We did not have statistical power to detect the effect size that
we believed was worth obtaining in the planning of this study
and thisis aclear study limitation. We succeeded in recruiting
only one-quarter of our target sample size and the best estimate
of the effect obtained on the primary outcome (a 6% reduction
in alcohol consumption) is of clear public health significance.
For example, it is very close to the size of effects considered
appropriate for the implementation of face-to-face brief
intervention programs [28] and measures to increase the price
of alcohol [29]. Although we set out to evaluate a national
system, we only managed to recruit 3% of all individualsinvited,
although many of those who did not respond will have simply
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ignored the email invitation as not relevant to them (eg, because
they did not drink much or at all).

Thecontrast with AMADEUS-1 inratesof participationisvery
striking. Conventional trial recruitmentin AMADEUS-2 resulted
in less than 1000 hazardous and harmful drinkers providing
follow-up data from more than 54,000 initial invitations to
consider participation in 9 universities and colleges. In
AMADEUS-1, morethan 1500 hazardous and harmful drinkers
in 2 of the 3 arms provided follow-up data after completing
baseline assessments, among approximately 7800 providing
follow-up data from less than 15,000 targeted for study in 2
universities. Even allowing for differences in use of email
between universities, the conventional study design with
informed consent clearly impacts on participation in detrimental
ways. However, other differences between the studies should
be bornein mind. AMADEUS-2 provides an intention-to-treat
evaluation of effects among hazardous and harmful drinkers,
whereas a per-protocol analysis only was possible in
AMADEUS-1 for this group due to the nature of the study
design. Participation ratesin AMADEUS-2 neverthel ess expose
the limitations of unblinded conventional trials designed to
detect small effects of public health significance; it is not
possibleto undertake afully powered study among student risky
drinkers in Sweden, a country of approximately 10 million
people. The externa validity of the current findings, bearing in
mind the low participation rate, warrants careful consideration.

Reliably detecting small effects is challenging and subject to
the play of chance, and likely aso to beinfluenced by anumber
of contextual factors that are difficult to capture. For example,
the timing of follow-up within the academic year might be
relevant because campus activities involving alcohol may both
vary and influence study findings. Initia follow-up in this study
was undertaken as exams approached.

The extent of differential attrition provides additional reasons
for avoiding strong conclusions because the potential for
selection bias exists, even though our anaysis revealed no
evidence to contradict our MAR assumption in relation to the
missing data. It is also important to note that this intervention
is not designed to meet the needs of problem drinkers[30] and
onlineinterventions extending over several sessionsor contacts
and/or person-to-person interactions are likely to be needed.

Previous online alcohol studies among college and university
students have shown mixed results [6,7,29]. Apart from
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AMADEUS-1, there have been few randomized studies capable
of dismantling components of effective interventionsin this or
similar populations. The content of this Swedish intervention
isbroadly similar to the THRIVE intervention evaluated in one
university in Australia[31] and the New Zealand e-SBINZ trials
intervention in comprising normative feedback, criterion
feedback (on guidelines), and brief advice[32]. The effects are
also broadly similar, for examplewith THRIVE showinga17%
reduction in alcohol consumption in comparison with controls
after 1 month and decreasing to 11% after 6 months[31]. Some
effects among Maoris were somewhat larger, although effects
among non-Maori in the parallel e-SBINZ trial were smaller
[32,33]. AMADEUS-1[16] found that feedback added little to
the effects of assessment and detailed investigations of
intervention content are urgently needed in order to ascertain
whether it may be possible to develop novel interventions or
intervention components capable of larger effects than have
been identified to date. This underdevelopment of online study
is similar to that which pertains for face-to-face brief
interventions [34].

The study has attempted to evaluate the effectiveness of an
existing national service provision across a sizable number of
ingtitutions. Although it does not provide strong evidence of
benefit, it isunclear how far the existing intervention should be
redesigned, if at al, on the basis of these findings and those of
AMADEUS-1. Further research and development work is
needed, particularly in light of the low costs involved and the
consequent likelihood of high levels of cost-effectivenessbeing
associated with even very small effects. The key research
challenge is to robustly identify and control for biases that
interfere with reliable estimation of small effects[24,25,27-35].
Randomized controlled trials that directly compare the
performance of the existing online intervention with novel
candidates to augment or replace it are appropriate in this
situation. Further investment in such work should not detract
from the need for other population-level alcohol interventions,
such as increasing price, better controlling availability, and
restricting marketing to change the cultural acceptability of
heavy drinking. The existing evidence suggests that these types
of alcohol policiesare most likely to be effective and we do not
know whether or how far individual-level interventionsin whole
populations such as that evaluated here may enhance the
anticipated effects [36].
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Abstract

Nowadays, technology isincreasingly used to increase people’ swell-being. For example, many mobile and Web-based apps have
been developed that can support people to become mentally fit or to manage their daily diet. However, analyses of current
Web-based interventions show that many systems are only used by a specific group of users (eg, women, highly educated), and
that even they often do not persist and drop out as the intervention unfolds. In this paper, we assess the impact of design features
of Web-based interventions on reach and adherence and conclude that the power that design can have has not been used to its
full potential. We propose looking at design research as a source of inspiration for new (to thefield) design approaches. The paper
goes on to specify and discuss three of these approaches: personalization, ambient information, and use of metaphors. Central to
our viewpoaint is the role of positive affect triggered by well-designed persuasive features to boost adherence and well-being.
Finally, we discuss the future of persuasive eHealth interventions and suggest avenues for follow-up research.

(J Med Internet Res 2015;17(7):€172)  doi:10.2196/jmir.4201

KEYWORDS
Web-based interventions; adherence; design for well-being; metaphors; personalization; ambient information

Introduction

Health Today

Our society faces severe problems when it comes to securing
health for the public at large. First of all, unheslthy lifestyles,
leading to diseases like obesity, are responsible for an
unrelenting rise in heath care costs. Secondly, long-term
diseases like chronic obstructive pulmonary disease (COPD)
and diabetes require life-long management of illness and
attention from care professionalsfor agrowing group of people.
And thirdly, an aging population demands more intensive care.
Next to (predominantly) physical health problems, asubstantial
number of people suffer from mental illnesseslike burnout and

http://www.jmir.org/2015/7/e172/

stress disorders that likewise affect physical health in the long
run.

Technology can play a role in stimulating people to take
responsibility for their own health and well-being. Before we
give examples of how technology can support people in taking
this responsibility we will explain the relationship between
health and well-being, and define the term well-being as we
will useit throughout this paper.

Well-Being, Health, and Technology

Severa researchers have found that there is a two-way
relationship between well-being and health: health influences
well-being and well-being itself influences health. Both physical
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health and mental health influence well-being [1,2] and there
are a number of correlations between well-being and physical
health outcomes, such as improved immune system response,
higher pain tolerance, increased longevity, cardiovascular health,
slower disease progression, and reproductive health [3,4]. A
meta-analysis even showed that emotional well-being predicts
long-term prognosis of physical illness[5].

Different perspectives on the term well-being can be
differentiated. Following Seligman’s [6] well-being theory, we
see well-being as a multi-componential concept comprising
positive emotions, engagement, meaning, positive relationships,
and accomplishment. We will further elaborate on how these
different elements can contribute to well-being in the following
sections.

Assaid, technology can play animportant rolein helping people
to take responsibility for—and, for that matter, to give them
more control over—their own health and well-being; and it can
do so in several ways. Firstly, technology can play arolein
hel ping people to manage their disease(s). Web-based platforms
offer a way to communicate with health professionals and/or
to manage health conditions. For example, people who suffer
from diabetes can make use of apps that help them understand
what makes blood sugar levels rise and fall, and thus how to
control such fluctuations. Next to this, medical technology has
been introduced that supports people to take physiological
measurements at home and automatically send these to amedical
professional. For example, people who need regular blood
pressure monitoring can now use certified devices at home. For
many people, this is a more acceptable way of continuous
regular monitoring [7]. Furthermore, technology can provide
health treatment; in the area of mental health, a variety of
Web-based interventions have been shown to be effective in
providing (guided) self-help therapy to reduce complaints, as
in Barak et a [8], or to lead a more flourishing life. Chitarro
and Vianello [9] explored how technology can support
mindfulness exercises and found that technology-supported
mindfulness may be more effective than traditional
(paper-based) exercises. Technology can also play arole in
helping people to lead a healthier lifestyle in order to prevent
diseases. In this area, devices that track physical behavior and
provide feedback are often combined with a range of mobile
and Web-based interventions that help people to lose weight,
to be more physically active, or to adopt a healthier diet.

Reach and Adherence: The Role of Design

The developments and examples above show that technology
and, more specifically, Web-based interventions have a huge
potential in (preventive) heath and well-being. However,
Web-based interventions often suffer from nonadherence: many
people do not follow a treatment online as it was intended by
thetherapist. A systematic review of 83 Web-based interventions
on lifestyle, chronic disease, and mental health found that, on
average, around 50% of the participants adhere fully to an
intervention [10]. This seemsto reduce treatment effectiveness
[11]. On top of this, most interventions reach a limited group
only, while aiming for a broad audience. This does not haveto
be a problem; a strength of Web-based interventions may be
that they can reach groups that are harder to reach by regular,
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face-to-face interventions, as seen in Postel et a [12] where
e-therapy for problem drinking reached higher-educated females,
while this group is underrepresented in regular care. However,
several researchers have shown that current Web-based
interventions often reach higher-educated women, as seen in
several studies[13-17], while they fail to reach other groupsin
society. In some cases, these findings may have been influenced
by the topic of the intervention under study, for example, the
studies of Rothert et al [13], Binks and van Mierlo [14], and
Kelderset al [15] wereall aimed at weight management, atopic
that may be of particular interest to higher-educated women.
However, the overrepresentation of this specific group was also
found for areas like alcohol abuse [12], depression [16], and
smoking [17]; topics that seem at least relevant to many more
groups in society. It seems there is something about current
Web-based interventions themselves that attracts one specific
group, and that in spite of their large potential, Web-based
interventions miss out on helping the public at large. Kelders
[10] arguesthat the design of interventionsisan important factor
for adherence and shows that there are persuasive features (eg,
dialogue support, reminders and praise) when implemented in
Web-based interventions that predict higher adherence.
Moreover, in their review study on the effectiveness of eHealth
interventionsfor physical activity and dietary behavior change,
Norman et a [18] claim that interventionsthat feature interactive
technologies in particular need to be refined to fully live up to
their potential. In line with this claim, several researchers have
proposed that the affective experience of persuasive technologies
is the key to their effectiveness [19,20]. They reasoned that if
the experience of, for example, a Web-based intervention is a
pleasant one, people areinclined to keep using the intervention
or to use theintervention again at alater point in time. In other
words, abetter design that is not only functionally effective but
also desirable, compelling, and delightful could improve
acceptance of, and adherence to, Web-based interventions.
Introducing a"better" design to increase the affective experience
of using a Web-based intervention could have a positive effect
on well-being because it triggers positive emotions (the first
element abbreviated as "P" in positive emotions, engagement,
positive relationships, meaning, and accomplishment
[PERMA]). However, thisis arather limited view on design’s
impact on well-being. In an effort to further specify how design
can contribute to well-being, Pohimeyer [21] constructed a
design well-being matrix that specifies how design can have an
impact on the different elements in Seligman’s [6] well-being
theory. Asdescribed, in thistheory Seligman distinguishesfive
elements that can each contribute to a genera feeling of
well-being:  positive  emotions, engagement, positive
rel ationships, meaning, and accomplishment. Pohlmeyer argues
that design can take different roles that designers can use to
intentionally design for well-being: source, symbol, enablement,
and support. As examples, she describes how a product such as
Paro the therapeutic robot seal, which is being used in care
homes with dementia patients, can be the direct source of a
relationship (R in PERMA) and how products can have an
indirect effect on elements of PERMA by serving as a symbol.
Think, for example, of awedding ring (symbol of arelationship)
or of atrophy (symbolizing achievement).
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Influencing Well-Being via Two Routes

In the context of the design of a Web-based intervention, we
would like to argue that design can have a positive effect on
well-being following two different routes. First of all, adesign
aimed at a positive user experience by inducing, for example,
positive emotion and/or engagement (Pand Ein PERMA) could
positively influence well-being. Secondly, well-being during
use could have an indirect effect on overall well-being because
it can have a positive effect on adherence (ie, using the
intervention asintended by the therapist). And better adherence
to a Web-based intervention eventually has a positive effect on
health, and thus on well-being. Next to this, successfully using
the Web-based intervention could lead to a feeling of
accomplishment (A in PERMA), again directly positively
influencing  well-being.  Figure 1  shows  how
technol ogy-supported health interventions can influence overall
well-being via two routes.

Theideahereisthat, whereasthe first route has adirect impact
on the specific health problem (ie, people adhere and thus can

Ludden et a

manage and cure the focal health problem), the second route
stimulates overall well-being by promoting states of mind that
are conducive to a general feeling of well-being.

In this paper, our aim is not to test the relationships suggested
in Figure 1. Rather, it should serve as an illustration that
underlines the importance and the power of design. In the
following sections, wewill present adesign research viewpoint
to Web-based interventions and discuss new—to the field of
designing Web-based interventions—design tools and
approaches. We will explain and discuss how implementing
these approaches could have apositive effect on reaching target
groups and on adherence. To start, we will zoom in on
Web-based health interventions and give a short overview of
the types that are currently used. Next, we will illustrate with
three examples how design could influence the experience of
these interventions and contribute to an increased level of
well-being when using such interventions. Finally, we discuss
the future of Web-based health interventions and other
technology-based, well-being interventions.

Figure 1. Schematic representation of how the design of a Web-based intervention can influence general subjective well-being following two different
routes. Route 1 indicates the impact of design on adherence and thus on the focal health problem. Route 2 indicates how overall well-being is stimulated

by elements of PERMA.

Web-Based Interventions

Overview

Web-based interventions can be categorized within the second
generation of health interventions that make use of technology
to transfer information [18]. Third generation interventions
include mobile and remote devices such as mobile phones. We
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will include this third generation in some of our examples and
in the discussion, but we will for now focus on the design of
Web-based interventions because these form a widely used
platform to implement technol ogy-based health interventions.

Current Design of Web-Based Interventions

Design of Web-based interventionsis often content driven and
text based, and aimed at education, information, and goal setting
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viamodules or programs that have to be followed in a strict or
fixed order. In many cases, content for a\Web-based intervention
was developed earlier as afixed (offline) program that should
later be* placed” on the website or mobile phone app. Thisoften
resultsin a text-driven, handout app, with the look and feel of
a self-help book. Research on nonadherence indicates that
reasonsfor dropout rel ate to dissatisfaction with theintervention,
mismatch of goals of the intervention and those of the users,
and low flexibility to adjust to different situations and user
characteristics [15,22,23]. As a consequence, irritation rather
than positive emotion (P in PERMA), and frustration rather
than feelings of accomplishment (A in PERMA) could be
triggered. Seen in thislight, it should come as no surprise that
low adherence is inherent to such interventions. However, it is
precisely this"adherence" factor that isso essential for apositive
effect of an intervention on health and well-being to transpire
[11].

To further illustrate how low adherence may follow from
ill-suited design, consider the Web-based intervention in Figure
2, aimed at reducing alcohol consumption. This intervention
consists of six lessons, which are intended to be completed
during 6 weeks [24,25]. Although some of the capabilities of
technology are employed (eg, the provision of talored
feedback), the intervention is text based and technology seems
to be mostly used as a medium to deliver the text. An analysis
revealed that only 16.5% (of the first 10,000 registered users of
the intervention) completed all 6 weeks of this intervention. A

Figure 2. The Web-based intervention, Down Your Drink.
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reason for nonadherence may well relate to alack of attention
to design and the resulting dissatisfying user experience. Limited
reach of mobile and Web-based interventions could be explained
by the fact that many of these interventions are aimed at awide
demographic group (eg, men and women, young and old, highly
and less educated). Think, for example, of the range of
track-and-trace systems aimed at keeping a healthy diet, losing
weight, or increasing physical activity (eg, Lifesum, Loslt,
MyFitnessPal). However, aswe have argued in our introduction,
most interventions reach a limited group only, mainly highly
educated women—see, for example, Kelders et al [15]. In one
way, thisis a good thing, since this group in particular can be
hard to reach with traditional treatment. However, this selective
reach is not intended and, in many cases, seems to strengthen
the "inverse care and information law" (ie, people in urgent
need for care are the ones who are least likely to receive care

[26,27]).

Consider another example of an intervention facing problems
with reach and adherence (see Figure 3). The Healthy Weight
Assistant is aimed at adults with healthy weight or who are
dightly overweight. However, users were mainly female and
highly educated [15]. Moreover, adherence to thisintervention
was as low as 3%, which the authors attribute to a mismatch
between the goals of the intervention—long-term weight
management—and the goals of the users—gain insight into
their behaviors. This mismatch may have led to the low
satisfaction and adherence found in the study.

LOG OUT SASKIAKELDERS:

Resources || Mews |

s This phase is designed to help you make up your mind about whether there is anything you might want to change about your drinking?
+ You could use this material to think through whether things are OK for you as they are now, to see how your drinking compares to other

people, or to identify aspects of your drinking that need more attention.
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Figure 3. The Web-based intervention, Healthy Weight Assistant.
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Effect of Design on Adherence

There have been multiple attempts to investigate the influence
of characteristics of interventions on adherence. Two qualitative
systematic reviews investigated the influence of specific
characteristics on adherence and indicated that increased
personal relevance, an individualized approach (eg, involving
tailored advice and feedback), and including clinicians are
promising avenues [28]. In terms of PERMA, these
characteristics are most directly related to engagement.
Perceived relevance promotes engagement (E) and positive
relationships (R), furthermore, including clinicians introduces
arelationship (R). Additionally, peer support, counselor support,
email/phone contact with visitors, and updates of the
intervention website—direct means to trigger relationship (R)
perceptions—resulted in improved reach [29]. Note that
introducing such personal elementsto trigger relationshipsisa
costly and possibly time-consuming way to improve adherence.
From adesign point of view, it would beinteresting to introduce
relationship perceptions through design elements (eg, by color,
layout, and typeface) connoting rel ationship-related meanings,
such as involved, empathic, and dedicated. Alternatively, one
could think of introducing relationships with digital avatars.

A third systematic review investigated the influence of
persuasive technology features and characteristics of Web-based
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interventions [10], demonstrating the importance of increased
interaction with a counselor, more frequent updates, and more
extensive employment of dialogue support. This latter aspect
in particular seemsto provide a starting point for designing for
well-being. The concept of dialogue support stems from the
persuasive systems design model [30] and refers to supporting
the interaction between user and system to facilitate progress
toward goal fulfillment. These principles include social and
cognitive prompts, such as praise, rewards, reminders, and
suggestions.

There have aso been studies that investigate the influence of
one or more features on adherencein asingle intervention. For
example, telephone reminders have been shown to increase
adherence to a Web-based treatment of social phobia without
clinician guidance[31], and emailed messages have been shown
to lead to a modest increase in usage of a disease prevention
website by some adults [32]. Although these studies suggest a
relationship between the design of an intervention and
adherence, only afew of these interventions were actually, and
purposefully, designed with adherence in mind [10]. This
suggests that adapting Web-based interventions to promote
adherence is done in an ad hoc manner or is considered as a
task for the counselor involved in the intervention. Studies that
have tried to design for adherence have mainly focused on
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adding or adjusting features without explicitly considering the
user experience as a means to improve reach and adherence.

Design Approaches to Increase Reach
and Adherence

Overview

This short overview and discussion of Web-based interventions
showed that while key works in the field are beginning to
address reach and adherence challenges through increased
interactivity and some possibilitiesfor personalization, using a
design strategy that effectively increasesreach and/or adherence
remains challenging. At the sametime, technology offers many
opportunities here; for example, it enables different means of
communication simultaneously (eg, text, speech, video, and
graphics) and provides accessto situations and settings (eg, the
bathroom) in which human persuaders would not be allowed
in, or have no access to (eg, sensors in clothes) [33,19].
Therefore, we argue that for the design of Web-based
interventions, it isworthwhileto look at how thefield of design
research isincorporating design strategies to design technology
for well-being that delights people during use.

While seeking inspiration in thefield of design research, it must
be mentioned that a mere focus on expressive, creative design
may result intechnology that islikewise hard to understand and
that has no fit with users’ mental models. As such, creative
designs can overshoot the mark because users do not experience
such designs as supportive. On the other hand, the more
traditional approach of carrying out a needs-and-demand
assessment provides information about some functionalities of
adesign, but may not reveal that much about motivational cues
for adherence and experience. Therefore, we propose to use
other design approaches that go beyond both the mere "design
creativity-based approaches’ as well as requirements
engineering.

In the following sections, we discuss three design
strategies—personalization, use of ambient information, and
use of metaphors—that have been particularly well explored in
design research as strategiesto attract and involve people. These
can have a positive effect on how someone experiences a
Web-based intervention, thereby increasing both well-being
during use and overall well-being. Cooperation among experts
from different disciplines and discussion along these lines may
help in creating technol ogy-based interventions that contribute
to well-being by targeting the three dimensions of happiness as
discussed by Seligman [34]: the pleasant life, the good life, and
the meaningful life (or positive affect, flow, and meaning). Thus,
technology should render Web-based apps more appealing,
engaging, and fun (positive affect), stimulate flow by paving
the way for smooth and intuitive interaction—for example, by
providing ambient rather than in-your-face or, reversely,
completely hidden information—and create meaning by giving
users a sense of control, direction, and purpose.

Design Approach |: Personalization

In different application fields, researchers have shown that
personalization of systems functionalities and content can
improve people's satisfaction with services and can increase
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users’ efficiency and convenience. In PERMA terms, wewould
like to argue that personalization, foremost, promotes
engagement (E) as it involves users and heightens personal
relevance. Halko and Kientz [35] revealed significant
relationships between personality and different types of
persuasive technologies. Kaptein et a [36] measured
susceptibility to persuasion and studied effects of tailored,
persuasive text messages to reduce snacking. Results showed
that tailored messages lead to a higher decrease in snacking
consumption. In line with these findings, Lee et a [37]
demonstrated that in the design of persuasive technologies for
healthy eating, planning strategiesworked differently depending
on whether the participants had already adopted healthy dietary
lifestyles.

These examples suggest that effects of design on adherence
vary depending on users persona needs and that personalization
isthereforeimportant, asit enables connecting to specific needs
of different people. There are three ways to personalize a
Web-based intervention and create larger reach. The first way
is in line with the examples mentioned above and involves
tailoring of messages or (persuasive) approach. Secondly, a
designer can set out to design for a specific target group. To do
this effectively, knowing what a specific group needs and wants,
and what motivates them is essential. A designer can use this
knowledge to inspire and direct the creative processes |eading
to an intervention that creates engagement for a specific group
of people. An excellent example of a Web-based intervention
that is aimed at a specific target group and was designed with
the needs, habits, and desires of thistarget group in mind isthe
gane NaAapje that was released by the Dutch
Voedingscentrum (The Netherlands Nutrition Centre) a few
years ago. Na-Aapje (loosely trandated as little copy-cat) isa
children’s game that is designed to raise children’s awareness
of fruits and vegetables as healthy diet choices. The monkey in
the game has to collect food items resulting in a higher overall
scoreif many fruits and vegetables are collected (see Figure 4).

In this way, Na-Aapje links a, perhaps, not pleasurable (ie,
eating fruits and vegetables) but necessary activity for its
user—the child—to amore pleasurable one. Many children like
to play computer games and by connecting to their preferred
activities, adherence to thisintervention (and awareness of the
importance of eating fruitsand vegetables) is probably increased.

A third way to personalize a Web-based intervention could be
to design an intervention in such a way that it can be changed
or set up at the start to match user preferences. This could be
done at both the content level and at the system (design) level.
From a psychological point of view, this user-controlled type
of personalization is particularly interesting as it gives users a
sense of control or dominance which may contribute to general
well-being. For instance, in Mehrabian and Russell’s [38]
framework addressing emotional experiencesin environmental
settings, dominanceis, next to pleasure and arousal, considered
an essential factor in explaining approach-avoidance behavior,
with higher degrees of control generally related to increasesin
approach behaviors—anotion similar to adherencein the online
context—and hence, increased well-being.
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Of further interest in this context is Averill’s[39] discussion of
"decisional control,” defined as the degree to which a specific
action results from choice among various alternatives. For
instance, a much-cited study by Mills and Krantz [40] showed
that allowing blood donors a choice over which arm to use had
a positive effect on donors experiences in blood transfusion
centers. Extending these findingsto consumer settings, Hui and
Bateson [41] showed that conditions of crowding—generally
related to decreases in control as other people in store
environments lengthen shopping time and may block accessto
aisles and products therein—sorted fewer negative effects on
control and pleasure for consumers who had a choice to enter
aretail setting than for consumers who had no choice.

Ludden et a

Translated to the current context, these findings suggest that
giving users a choice (via personalization) over how they will
be addressed by a Web-based app, or what the app looks like,
may increase feelings of control and, thereby, well-being.
Moreover, giving peopl e active control may transform otherwise
passive patients at the mercy of hostile technology into active
citizens responsible for their own well-being.

Personalization at the content level has been used in Web-based
interventions only sparsely. An example is the study of
Andersson et a [42] where users of a Web-based treatment of
anxiety disorders could choose which modules they wanted to
engage in.

Figure 4. The Web-based intervention, Na-Aapje (The Netherlands Nutrition Centre).

Voedingscentrum

Design Approach I1: Ambient I nformation

We live in a world of continuous information overflow. A
reasonable part of the information we receive is aimed to
influence us in some way. Guadagno and Cialdini [43] report
how a colleague counted over 500 influence appeals over an
hour. Due to the large amount of (influential) information that
reaches us during our busy daily routines, we can easily miss
out on the information that we did want to notice. Not
overburdening users and spreading feedback through multiple
modalities reduces cognitive workload, rendering interactions
with health interventions more pleasurable (Pin PERMA) and
effective, triggering feelings of accomplishment (A in PERMA).
A huge drawback of Web-based interventions in our current
information-dense world is that they are for the most part not

http://www.jmir.org/2015/7/e172/

RenderX

visible to their users. People may, therefore, easily forget to go
online to use the intervention. Moreover, when they do think
about going online, they may want to ignore thisthought because
they did not enjoy working with the intervention before and
may not feel the need to go online. The design of a Web-based
intervention should accommodate for this need or desire.
Designers of Web-based interventions should consider the
information overflow that their users will inevitably face, and
think carefully about what information they have to give, and
at what point or in which context. At the same time, users may
need status/progress information that is at hand or in sight in
order to evoke a sense of urgency to use the Web-based
intervention. Providing information in different places or
providing feedback through other modalitiesthan the often-used
visual modality could accommodate for this.
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Designers have explored both of these approaches in research
on the design and effect of ambient information and in
explorations on periphera interaction. The concept of peripheral
interaction deals with how technology and interactions that
people have with technology is integrated throughout our
everyday activities. Peripheral interaction entails that the
attention that we pay to technology can at times take place in
the periphery of attention. Bakker et a [44] explored how
different modalities can be used for periphera interaction and
used both physical (ie, tangible) interaction and auditory
displays. The concept of peripheral interaction is similar to
approachesthat have been used earlier in the design of so-called
awareness systems. Such systems have been targeted at
displaying one type of information—that of presence of other
people at another location—in isolation on a physical object,
making this information much more accessible and prominent.
An example of such a system is the SnowGlobe [45] that
displays movement of a remote user by glowing brighter and
that also offers direct opportunities for interaction.

In their work on lifestyle behavior change technologies,
Consolvo et a [46] define four design strategies and argue that
presenting “abstract" information rather than specific

Figure 5. The mobile phone wallpaper, Bouncers, by Terence Nelson.

Ludden et a

information would have a positive effect on the effectiveness
of persuasive systems. This is in line with what Nelson [47]
incorporated in hisdesign of Bouncers (see Figure 5). Bouncers
is a wallpaper on mobile phones of a group of friends that
visualizes everyone's activity through moving circles. In this
abstract way, it tellsits users about their movementsin relation
to that of their friends.

Asanother example of more abstract information display, Ham
and Midden [48] compared reactions toward factual (ie,
numeric) information and ambient information—Iight changing
color—in the case of information about energy consumption
and arguethat giving ambient (ie, less specific) information can
be more influential because it requires less cognitive capacity
to process this information.

In summary, the experience of Web-based interventions can
benefit from using different waysto communicate information.
Depending on the situation someoneisin, and on theimportance
of the information, designers can choose whether specific or
more abstract information is the better choice, and can decide
on the specific location of the information (ie, within the
Web-based interventions or through a different device or
location).

W ol B
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Design Approach I11: Use of Metaphors

One of the key challenges in designing Web-based appsis how
to give shape in words and visualizations to challenges, goals,
and feedback provided during interaction in order to provide a
meaningful and engaging "story" (M and E in PERMA). In
many traditional apps, emphasisison concretetextual input (ie,
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instructions or numbers signifying scores or tasks left to
accomplish) or concrete images (eg, wallpapers or avatars).
However, in addition to such concrete elements, much of
everyday thought and experience is inherently metaphorical in
nature as originally demonstrated by Lakoff and Johnson in
their first joint effort, Metaphors We Live By [49]. The central
claim therein was that the way we think about abstract concepts,
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such as accomplishment, challenge, and perseverance, are
metaphorical in nature and are rooted in everyday bodily
experiences [49-51]. Of specia relevance to the current
undertaking was the finding that these embodied metaphorsare
by no means restricted to language use, but are highly "visual"
in nature, as demonstrated by Forceville [52].

For instance, in metaphorical expressions such as"we've made
ittothetop," "wehavealong way to go," and "she was keeping
me at a distance," abstract meanings (ie, achievement, lack of
communication, psychological support) aretalked about interms
of visual-spatial patterns (ie, "rising to thetop” or "being close
or far away from an end goal"). Such couplings are embodied
because they are grounded in everyday bodily interactions in
and with our environments.

With respect to object perception, Van Rompay et al [53]
showed that verticality or "relative height” is not only the basis
of figurative expressions conveying dominance (eg, "He's on
top of his game"), but that it also steers meaning perception in
design. For instance, in the latter study, everyday products of
great vertical sizewere perceived as more dominant, proud, and
impressive compared to products of lesser height.

Furthermore, recent studies have demonstrated that metaphor
use or having people behave in line with employed metaphors
may also impact feelings and behaviors[50,54,55]. For instance,
Gibbs [50] recently showed that a successful relationship
metaphor (eg, "Your relationship was moving along in a good
direction") prompted peopleto walk further and longer afterward
compared to when they were cued with an unsuccessful
relationship metaphor (eg, a metaphor stressing thwarted
progress along the road). Another study stressing embodied
features of motivation and decision making showed that merely
watching a series of squares expanding, versus contracting,
prompted participants to feel more self-confident and capable
of self-actualization [55].

In design research, various authors have explored metaphor use
in relation to affect product experience [56,57]. For instance,
Ludden et a [57] showed that product designers can create
products incorporating metaphors that people understand by
making mind maps revealing common associ ations from source
to target, such that motivating aspects of a source domain (eg,
excitement of ajourney) can betransferred to the target domain
(ie, the product).

Taken together, these examples and insights suggest that
employing metaphors in Web-based apps may not just be fun
or trivial, but that it may actually contribute to adherencein the
long run by creating meaning and fostering engagement. Indeed,
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metaphors have been used for the design of mobile apps that
seek to motivate people toward certain types of behavior. A
well-known example in literature on persuasive design is the
design of aflourishing garden that was used by Consolvo et al
[58] as a metaphor for a flourishing (ie, active and satisfying)
life.

In summary, depending on the type of app and the goals set out
for the app, different types of metaphorical mappings may be
drawn upon that may become ever moreinfluential aswe move
from static, to dynamic, to fully interactive appsin the yearsto
come. Not only can such visua metaphors enhance fun and
engagement (positive emotions, P), they may also render goals
that people set out for, and make the activities they undertake
to achieve them, more meaningful and worthwhile, precisely
because they connect to peopl €' sintuitive understanding of the
world around them.

A nice example of an endeavor to use a metaphor in a
Web-based intervention context istheintervention, Thisls Your
Lifel, that was based on an existing positive psychology
intervention [59], and designed for a specific target group:
teachers at a primary school (see Ludden et a [60] for a full
report of the design process). The designers of the interactive
part of the intervention worked in close collaboration with the
psychologistswho designed the content of the intervention, and
in close interaction with the proposed target group. A set of
three concept designs was made in which different types of
source domains (ie, a library, tree, and journey, respectively)
were used (see Figure 6).

The concept of the intervention presented as a journey on a
map—favored by all 8 participants in a focus group—was
further developed into a working prototype (see Figure 7). For
the final prototype, the metaphor of the journey was further
developed into details of the intervention. For example, the
typical terminology from training or school-like activities (ie,
lessons, exercises, chapters) was changed into terminol ogy that
was more relevant to the metaphor of the journey. For instance,
chapters are locations on the map and each location has
challenges which are the exercises of the training. When a user
completes the challenges for a specific location, he or she can
get the "key" to the next location. Locations also have names
that arerelated to the "lifeisajourney” metaphor, such as"The
island of broken dreams' and "Therriver of flow."

From short, individual, evaluative onswith primary school
teachers, the developers of this intervention found that the
metaphor that was used for the design of the intervention was
seen as motivating and stimulating by users.

of happi

and journey on a map.
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Figure 7. Fina prototype of the Web-based intervention, This s Your Life!
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Discussion

The Role of Design(ers)

We have argued that designers of technology for well-being
could stimulate well-being in two ways: by designing apositive
experience during use and by developing persuasive effective
interventions that positively influence adherence, leading to a
higher level of overall well-being for the user. To specify how
design can contribute, we have introduced three approaches that
have recently gained particular attention in design research. In
doing so, we have tried to broaden the discussion on therole of
design in the development of Web-based interventions and
eHealth in general. So far, this discussion has been mainly
focused on the need to involve users and usability experts in
the design process[61,62], aswell ason transferring knowledge
from behavioral sciences about persuasion techniques[63]. This
hasin most cases |ead to detailed "design guidelines' about the
organization and specific features of eHealth systems, factors
that are, of course, of influence on how the interventions will
be experienced. However, design guidelines that are more
focused on the different ways in which these factors can
eventually take shape and how this can have an effect on the
experience of the user have so far mainly been neglected. That
said, next to the three approachesintroduced here, various other
design approaches could also contribute to one of the elements
of PERMA. We have chosen the three discussed here because
they seem to be prevalent choices in recent design research in
the eHealth domain. Inspiration for other approaches could, for
example, be found in literature on how to apply elements of
gaming in a therapy context [64]. However, the best way to
ensure that all aspects contribute to a desired experience for an
eHealth intervention is to facilitate cooperation between
designers of the content of this technology (eg, the therapists
developing health interventions), designers of the system (eg,
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human-computer interaction [HCI] developers), and designers
of the form of the technology (eg, interaction designers or
product designers) from an early stage of development, and
discuss which design features and organization can enrich the
presentation of the content. Together, this team of designers
can reflect on questions such as “What seem to be the most
promising new approaches/theories/tools?” “How will we apply
these to practice?” “What is the future of Web-based health
interventions?’ and “How to incorporate more interactive and
persuasive features?’ Thislast question is also reflected in one
of the principles of the holistic framework to improve the uptake
and impact of eHealth technologies as described by van
Gemert-Pijnen et al [64]. As we have argued and illustrated
throughout this paper, involving users at an early stage of the
design process can certainly be aval uableway to makeinformed
design decisions on which persuasive/motivational elementsto
use.

Future Research

In this paper, three approaches that have gained particular
attention in design research were introduced and their
possibilities to serve the design of Web-based interventions
werediscussed. Clearly, follow-up research is needed to further
pinpoint the shortcomings in the current design of Web-based
interventions, to test whether the approaches discussed indeed
are effective, and to suggest how they may be applied in ever
more advanced and interactive technologies.

For example, application possibilities of the design tools
discussed here may aso lie in third generation eHealth
interventions. In this context, design can play an important role
in, for example, the way feedback on behavior is offered to
peopl e through mobile and/or wearabl e coaching systems. Next
to this, as Web-based apps or games are becoming more
interactive—think, for instance, of serious gaming apps making
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use of a Wii or PlayStation Move controlle—means for
enriched metaphor portrayal are growing all the time. Hence,
in addition to watching expanding stimuli (eg, expanding circles
on awater surface) and feeling more self-confident—compare
with Ludden et a [57]—such interactive game controllers may
also prompt people to take in specific postures. Hence, when
cultivation of open-mindedness is at stake, people may be
prompted to take in an expansive, as opposed to a contracted,
posture. Thisisagainin linewith linguistic expressionsin which
openness and intellectual growth are coupled, for example,
"open up to others," "that blew my mind," and "her world is so
small." Interestingly, the latter relationship between taking in
an expansive posture and feeling more confident was recently
demonstrated by Carney et a [54]. Specifically, they showed
that people taking in an expansive bodily posture displayed
more self-confidence and were less likely to seek compromise
inanegotiation task. Hence, future research could address means
by which "priming" characteristics, such as open-mindedness
and self-confidence, may contribute to adherence in the long
run.

As for reach and tailored communication with specific target
groups, it is important to keep in mind that different target
groups may react differently depending on metaphor choiceand
personalization options. Recently, Halko and Kientz [ 35] showed
that the type of appeal exerted by persuasive technol ogies may
indeed sort different effects dependent on target group
personalities, with amore authoritarian style of interaction, for
instance, faring better with some target groups than others.

Asfor personalization and feelings of control, numerous studies
have likewise shown that people vary in the extent to which

Ludden et a

they seek and appreciate control over events in their lives
[65,66]. People high in desire for control generally seek
influence over others and desire control over events, and hence
react with a strong (negative) emotional response when
opportunitiesfor control are lacking. In the online context, this
may thuslead to nonadherence and dropout. Peoplelow indesire
for control, on the other hand, are less likely to react with
negative affect when faced with a perceived inability to control
events, and may appreciateit when decisions are made by others.

Prior to metaphor selections and making decisions on how
specific feedback information should be, on whether to
incorporate nonvisual information, and on whether or not to
incorporate personalization options in Web apps, insight into
the values and needs of different target groupsisaprerequisite.
In the online context, such insights may come in the form of
short intake questionnaires, based on which such decisions can
be made. In conclusion, using design research as a source of
inspiration for the design of Web-based interventions, as
outlined in this paper, is a promising means to optimize the
reach of, and adherence to, such interventions. Moreover,
cooperation between different types of designers of interventions
is, next to involving the envisioned users of an intervention,
essential to come to a design that incorporates all aspects (ie,
content, form, organization) that can contribute to a desired
experience for the end user. Moreover, this cooperation should
start in early phases of the devel opment, not after a"who, what,
and why" has been proposed for an intervention. Early
involvement of al types of designers will alow for more
innovative designs in which the different elements of the
intervention can be experienced in an integrated way.
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Abstract

Background: Online social networks offer considerable potential for delivery of socially influential health behavior change
interventions.

Objective: To determine the efficacy, engagement, and feasibility of an online social networking physical activity intervention
with pedometers delivered via Facebook app.

Methods: A total of 110 adults with amean age of 35.6 years (SD 12.4) were recruited online in teams of 3 to 8 friends. Teams
were randomly allocated to receive access to a 50-day online social networking physical activity intervention which included
self-monitoring, social elements, and pedometers (“Active Team” Facebook app; n=51 individuals, 12 teams) or a wait-listed
control condition (n=59 individuals, 13 teams). Assessments were undertaken online at baseline, 8 weeks, and 20 weeks. The
primary outcome measure was self-reported weekly moderate-to-vigorous physical activity (MVPA). Secondary outcomes were
weekly walking, vigorous physical activity time, moderate physical activity time, overall quality of life, and mental health quality
of life. Analyses were undertaken using random-effects mixed modeling, accounting for potential clustering at the team level.
Usage statistics were reported descriptively to determine engagement and feasibility.

Results: At the 8-week follow-up, the intervention participants had significantly increased their total weekly MVPA by 135
minutes relative to the control group (P=.03), due primarily to increases in walking time (155 min/week increase relative to
controls, P<.001). However, statistical differences between groups for total weekly MVPA and walking time were lost at the
20-week follow-up. There were no significant changes in vigorous physical activity, nor overall quality of life or mental health
quality of life at either time point. High levels of engagement with the intervention, and particularly the self-monitoring features,
were observed.

Conclusions: An online, social networking physical activity intervention with pedometers can produce sizable short-term
physical activity changes. Future work is needed to determine how to maintain behavior change in the longer term, how to reach
at-need populations, and how to disseminate such interventions on a mass scale.
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Introduction

Physical inactivity is a leading modifiable cause of death and
disease worldwide and causes as many deaths as smoking [1].
Just 30 minutes a day of moderate-intensity physical activity
halves the risk of leading causes of morbidity and mortality,
such as cardiovascular disease, type 2 diabetes, and obesity,
and reduces the risk of breast and bowel cancer, depression,
and anxiety [2]. Despite this, many people in developed
countries are insufficiently active to achieve these benefits. For
example, a recent nationally representative survey of 20,426
Australiansfound that 67% of adults self-reported that they got
less than 30 minutes of physical activity a day [3].
Population-based interventions are needed to assist the general
adult population to become more physically active.

Web-based physical activity interventions offer an opportunity
to reach a large number of people at a relatively low cost.
Systematic reviews and meta-analyses of Web-based physical
activity interventions demonstrate they are effectivein changing
behavior [4,5], however, typically they have not been adopted
by large numbers of users and appear to have difficulty
sustai ning user engagement over an extended period [4,5]. New
intervention approaches capitalizing on recent technol ogy trends,
such as online socia networks[6] and gamification, may assist
in overcoming these issues. Our recent review of online social
networks for delivery of health behavior interventions found
fledgling, but promising, evidence of effectiveness|[7].

Online socia networks reportedly account for one-quarter of
all time spent online [8,9], and appear to offer considerable
potential for delivery of public health campaigns for several
reasons. Like the Internet in general, they can reach very large
audiences (eg, Facebook, the world’slargest social networking
website, had 1.32 hillion users each month as of June 2014
[1Q]). They also offer some key advantages over conventional
online delivery, including that messages can be delivered via
existing socia contacts, which may be more influential than
health messages delivered via traditional marketing strategies
[11]. Furthermore, unlike traditional Web-based interventions
[4], online social networkstypically achieve high levels of user
engagement and retention [12].

Another online trend that has emerged in recent years is
gamification. Gamification refers to the application of video
game elements, such as fun, challenges, competition, and
rewards, in nongaming situations[13]. In the commercial sector,
such techniques have reported to markedly increase engagement
(eg, a software company reported an 8-fold increase in user
engagement after introduction of gamification features) [14].
A recent systematic review of health behavior change

http://www.jmir.org/2015/7/e174/

interventions delivered using online social networks [7] found
that compared to studieswhich did not incorporate gamification
features, the one study that did—in the form of competition
between users [15]—achieved substantially larger intervention
effects and higher levels of user engagement.

To date, only ahandful of studies have attempted to use existing
popular online social network platforms, such as Facebook and
Twitter, to intervene on physical activity. The most common
approach has been the use of a Twitter feed or private Facebook
groupsto share content regarding physical activity and facilitate
discussion between study participants [7]. In most cases, the
online social network intervention has been provided as a
component, complementing amore comprehensiveintervention
package, for example, involving access to a physical activity
self-monitoring website with personalized feedback from a
health professional [16]; provision of pedometer, digital scales,
cooking equipment, and personalized feedback [17]; or access
to a series of podcasts, advice from an expert moderator, and a
calorie-counting app [18]. To our knowledge, only one previous
study [15] has utilized a Facebook app (ie, software created by
third party devel opersto function within the Facebook platform
and access data in Facebook) to intervene on physical activity.

The primary objective of this study was to determine whether
a team-based 50-day social networking physical activity
intervention delivered via Facebook app and incorporating
gamification features was effective in changing weekly
moderate-to-vigorous physical activity (MVPA) in adults aged
18to 65 years. The secondary objectives were (1) to determine
whether the intervention impacted other physical activity (ie,
weekly walking, vigorous physical activity, and moderate
physical activity time) and quality of life (in particular, mental
quality of life), (2) to determine usage, and (3) to examine the
feasibility of the online intervention.

Methods

Overview

Ethical approval for this cluster randomized controlled trial
(RCT) was obtained from the University of South Australia
Human Research Ethics Committee, and the study was registered
with the Australian and New Zealand Clinical Trials Registry,
protocol number: ACTRN12614000488606. Data collection
took place between September 2013 and July 2014. Participants
provided informed consent online prior to commencing the
study. The study was designed, and the manuscript prepared,
following CONSORT guidelines[19].
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Intervention

Active Team is a new, free, 50-day team-based Facebook app,
developed to assist adults to increase their physical activity
levels. The content and features of the program were devel oped
by ateam at the University of South Australialed by Dr Carol
Maher, following aseries of interviewswith 20 adultsregarding
the potential for developing a physical activity intervention
delivered viaonline social networks (unpublished). Commercial
software developers were engaged to produce the software
platform, and extensive pilot-testing and usability testing was
undertaken for thefirst version of the software[20]. Participants
are provided with a pedometer, and encouraged to achieve
10,000 steps per day [21], working in teams of 3 to 8 existing
Facebook friends. Active Team isdesigned to encouragefriendly
rivalry within friendship groups, offer peer encouragement and
support, and be quick, social, and enjoyable to use. It includes
acalendar to log daily step counts (steps can be logged up to 7
days in arrears) (see Figure 1); a dashboard showing
step-logging progress, awards, and gifts (see Figure 2); ateam
tally board to allow users to monitor their own and their
teammates’ progress; ateam message board for team members
to communicate with one another; daily tips for increasing
physical activity; gamification features, such as awards for
individual and team step-logging and step-count achievements,
and the ability to send virtual gifts to teammates. Automated
computer-tailored weekly emails are sent to participants

Figure 1. Active Team step-logging calendar.

Maher et d

summarizing their progress and encouraging continued
participation. Apart from provision of a pedometer, the Active
Team intervention approach was designed to be minimally
resource intensive and, therefore, did not include provision of
extensive instrumental support, expert moderation, or feedback
from a health professional.

Following consideration of numerous behavior changetheories,
thetheory of planned behavior [22,23] and fun theory [24] were
selected to inform development of the content and features of
Active Team. The theory of planned behavior posits that a
person’s decision to perform aparticular behavior isinfluenced
by three factors: attitude, subjective norms, and perceived
behavioral control [22,23]. Fun theory advocates that people
will be more motivated to do routine activities if they are
adapted to befun [24]. The Active Team app attemptsto address
each of thesefactorsby providing daily tipsfor physical activity,
written by a comedian (theory of planned behavior—attitudes
and perceived behavioral control; fun theory); use of teams for
peer encouragement and support (theory of planned
behavior—subjective norms; fun theory); and setting small
achievable goals (ie, daily step count), which are recorded and
contribute to a long-term/overall goal (500,000 steps) (theory
of planned behavior—attitude and perceived behavioral control),
unlockable awards, named by a comedian (fun theory), and the
ability to send virtual gifts, such asahigh fiveand apink leotard
(theory of planned behavior—subjective norms; fun theory).
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Figure 2. Active Team dashboard, showing step-logging progress, awards, and gifts.

DASHBOARD | LOG MY STEPS | MY GROUP

Your progress
You have logged 317,315 steps so far,

Recent achievements

We're hoping you haven't walked all these steps in one direction. If so,
# turn around and walk home! (Award for reaching 300 K)

H 50,000! Our maths skills say you are awesome! (Award for reaching 50 K)

Awarded Ap

> View all awards
E Chris Barton sent you Super-A-Team

° Brett Kokegei sent you Flowers

About | Privacy | Contact | 4 2013 Software developed by Portal Australia

ACHIEVEMENTS

oL IOTESLEPS!

COMPARE GROUPS | SETTINGS | HELP

Exerdise - like life —can get
boringifthere'sno variety.
Mixup your routine.

Participants and Procedures

An overview of the randomized controlled trial methodology
is shown in Figure 3. Participants were recruited through a
Facebook advertising campaign, media stories in the local
newspaper and television news bulletin, and distribution of
flyersat the University of South Australiacampuses. Participants
weredligibleif they met thefollowing criteria: (1) were between
the ages of 18 and 65 years, (2) considered themselves
insufficiently active (ie, not currently achieving the Australian
guidelines of 150 min of MVPA/week), (3) were current
Facebook users, (4) did not have an existing medical condition
for which they had been advised by a doctor to avoid exercise,
and (5) were able to speak English.

Interested participants could access the app by typing “Active
Team” into the Facebook search function, or by following a
link included in the Facebook advertisement. The first page of
the app was a welcome page, containing an information video
and a detailed participant information sheet. Participants could
then use the app to register interest in the study and complete

http://www.jmir.org/2015/7/e174/

RenderX

baseline surveys. The app guided participants through the
process of inviting eligible Facebook friends to form a team,
which resulted in aninvitation being posted on relevant friends’
Facebook newsfeeds, along with alink to the app. Participants
wereformally enrolled into the study if they completed baseline
surveys and were part of ateam comprising 3 to 8 members.
Once a team was finalized, the whole team was randomly
allocated to either the intervention or the control condition,
using a computer-generated randomization segquence with
blocking (block size = six) with allocation concealment.
Participants received an automated email informing them of
which condition they were enrolled in and when their Active
Team challenge would begin.

Teams alocated to the intervention condition received access
to the full Active Team app and were mailed a pedometer.
Teams allocated to the control condition were placed on a
waiting list to receive access to the intervention (app and
pedometer) at completion of the study and were told that their
health would be monitored over the ensuing 5 months.
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Figure 3. Overview of participant recruitment, assessment, and flow.
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Assessments and Outcome M easures

There were three assessment points for al participants: (1)
baseline (at recruitment), (2) 8 weeks (coinciding with the final
week of the intervention), and (3) 20 weeks (3-months
postcompletion of the intervention). All measurements were
completed online. Blinding of participants was not possible,
however single blinding was achieved, in that the outcome
measures were administered by computer. Thus, the potential
for introducing bias was eliminated compared with a scenario
where the outcome measures were administered by a person
who was aware of the participants group allocation.

The primary outcome measure was self-reported total weekly
MVPA. This was assessed using the Active Australia Survey
(AAS) [25], which records physical activities over the previous
7 days. The validated instrument includes eight items relating
to the frequency (four items) and duration (four items) of the
following: walking (for exercise, recreation, or transport),
vigorous physical activities (such asjogging, cycling, aerobics,
and competitive sport), and moderate physical activity (such as
gentle swimming, tennis, and golf; excluding walking). As per
AAS protocol, total weekly MVPA was calculated as walking
time + moderate time + (2 x vigoroustime), with each individual
item being truncated at a maximum of 840 minutes per week,

http://www.jmir.org/2015/7/e174/

and total physical activity (PA) being truncated at a maximum
of 1680 minutes per week in order to reduce the risk of
overreporting [25]. The AAS has been shown to have moderate
reliability (rho=.56 to .64) [26] and moderate validity when
compared with weekly pedometer step counts (rho = .43) and
accelerometry (rho =.52) [26].

Secondary outcomes included examining the physical activity
typedlintensities separately (ie, weekly walking time, other
moderate physical activity, and vigorous physical activity; all
derived from the AAS) and quality of life. The impact of the
intervention on overall quality of life (and mental health quality
of life, in particular), was determined using the Assessment of
Quiality of Life-6D (AQoL-6D) scale[27], a20-item instrument
assessing six health-related domains. The AQoL-6D has been
shown to demonstrate strong test-retest reliability (baselineand
2 weeks, Fintraclass correlation (co) = .88; baselineand 1 month, Mcc
= .85) [28] and acceptable internal consistency (gamma
coefficients[equivalent to standardized correl ation coefficients)
ranging from .73 to .96 for each subscale; except for sensory
perception = .51) [27]. The menta health subscale has good
concurrent validity when compared to the 36-item Short Form
Health Survey (SF-36) (Pearson’sr=.72) [29].
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Basic demographic characteristics were also collected: date of
birth, sex, highest education level (high school, post-high school
[trade/certificate/diploma), university), and self-reported height
and weight. The self-reported height and weight information
was used to calculate body mass index (BMI), categorized as

thefollowing: underweight (<18.5 kg/m?), normal (18.5t0<25.0
kg/m?), overweight (25.0 to <30.0 kg/m?), and obese (=30.0
kg/m?).

Participants’ engagement with the app was assessed via usage
statistics, including the number of visitsto the app, participants
step-logging patterns, number of virtual gifts sent, and number
of posts on the message walls.

Feasihbility of the intervention was determined by using a
purpose-designed feedback questionnaire, which was completed
by intervention participants during the 8-week assessment. The
scale contained nine items, each marked on a 5-point Likert
scale—strongly disagree, disagree, neutral, agree, strongly agree.
Three items related to perceptions of the overall app (eg, “I
think the appisuser friendly”), four itemsrelated to perceptions
of specific features of the app (eg, “I found the daily tips
useful™), and two items related to perceptions of the impact of
the program (eg, “1 felt like my A-Team teammates influenced
me to improve my exercise regime”).

Statistical Analysis

The primary outcomewas changein MV PA at 8 weeks. Change
in MVPA at 20 weeks and changesin all of the other outcomes
at 8 and 20 weeks were considered secondary outcomes. A
sample of 106 was required to detect an interaction effect size
of Cohen’sd=0.25 (small effect) for the primary outcome, given
two groups, three repeated measures, an alphalevel of .05, and
80% power (G-Power version 3.1.9.2, Universitat Kid,
Germany, 2014). The sample size wasinflated to account for a
design effect (potential for clustering of results within teams).
Assuming an intracluster correlation coefficient of rho = .01,
and approximately 5 participants per team, the design effect
was 1+.01(5-1) = 1.04, therefore, the final target was 106 x 1.04
= 110 participantsin total.

Participants  baseline  characteristics were analyzed
descriptively. Changesin primary and secondary outcomesfrom
baselineto 8 and 20 weeks were analyzed using random-effects
mixed modelling. To account for the data structure (participants
nested within teams, with three repeated measures), analyses
were conducted using Generalized Linear Mixed Models in
SPSS version 21, with the individual and the cluster (ie, team)
entered as random effects (“unstructured” covariance). The
group (ie, intervention vs control), time (ie, baseline, 8 weeks,
and 20 weeks), and agroup x timeinteraction term were entered
as fixed effects. The intention-to-treat principle was used for
data analysis whereby all participants randomized at the
commencement of the trial were retained for analysis [30].
Missing datawere imputed for the small number of individuals

http://www.jmir.org/2015/7/e174/
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with missing data at posttest (12/110, 10.9% of participants at
8 weeks, and 14/110, 12.7% of participants at 20 weeks) using
baseline observations carried forward, which is more
conservative and less susceptible to bias than last observation
carried forward [31]. Where variables were right skewed (ie,
physical activity variables), alog-linear distribution correction
was applied.

Usage and feasibility data were analyzed descriptively using
frequencies, means, and standard deviations. A small number
of predefined subgroup analyses were undertaken to determine
whether intervention effectiveness was related to key
sociodemographic characteristics (ie, age and sex), baseline
physical activity levels, and intervention dosage. Further
subgroup analyses were not undertaken to prevent capitalization
on chance. Baseline activity levelswere categorized as sufficient
or insufficient activity, according to the Australian physical
activity guideline of = 150 minutes of MV PA per week. Dosage
was determined by dichotomizing the number of log-in
occasions into low (< 18, 25/51, 49%) and high (= 18, 26/51,
51%) based upon a median split. The subgroup analysis was
undertaken among the intervention participants only, using
Generalized Linear Mixed Models, with total physical activity
time entered asthe target variable; individual and team entered
as random effects; and age, sex, baseline adherence to MV PA
guidelines, and intervention dosage entered as fixed effects.
Significancefor &l analyseswas set at P<.05 without adjustment
for multiple comparisons, however exact P values have been
reported.

Results

Participants

A total of 142 potential participants registered their interest for
the study, however, only 110 were in teams that successfully
formed, and were formally enrolled into the study. Of the 110
participants, 51 (46.4%) were randomized to the intervention
group (12 teams) and 59 (53.6%) to the control group (13
teams). Retention at follow-up was high, with 96 of the 110
(87.3%) participants completing the 20-week follow-up. Out
of 110 participants, 4 (3.6%) formally withdrew from the study
citing the following reasons: needing to undergo elective surgery
for a preexisting condition (intervention group, n=1), lack of
time (control group, n=1), overseas vacation (control group,
n=1), and too physically active (control group, n=1).

Participants’ demographic and baseline characteristics are shown
in Table 1. Of the 110 participants, 78 (70.9%) participantswere
female, and 46 (41.8%) were within the normal BMI range.
There was a relatively even spread of participants across the
age group categories. The magjority (71/110, 64.5%) of
participants were undertaking, or had completed, university
education. A total of 59.1% of the sample (65/110) were
insufficiently physically active (ie, achieving less than 150
min/week MVPA).

JMed Internet Res 2015 | vol. 17 |iss. 7 |e174 | p.38
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Descriptive characteristics of the study sample at baseline (n=110).
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Basdline characteristics

Intervention (n=51),
n (%) or mean (SD)

Control (n=59),
n (%) or mean (SD)

Total (n=110),
n (%) or mean (SD)

Agein years, n (%)

18t0 <25 12 (24)
250 <35 17 (33)
35t0 <45 12 (24)
451065 10 (20)
Sex, n (%)
Mae 14(27)
Female 37(73)
BMI 2, n (%)
Underweight 2(4)
Normal 23 (45)
Overweight 12 (24)
Obese 13 (25)
Highest education level, n (%)
High school or lower 5(10)
Some post-high school (eg, trade or diploma) 11 (22)
University 35 (69)
Insufficient PAP (<150 min/week), n (%) 33 (65)
Basdline total PA (min/week), mean (SD) 279 (320)
Baseline weekly total AQoL-6D¢, mean (SD) 0.80 (0.14)

14 (24) 26 (23.6)
15 (25) 32(29.1)
17 (29) 29 (26.4)
9(15) 19 (17.3)
12 (20) 26 (23.6)
45 (76) 82 (74.5)
1(2) 3(27)
23(39) 46 (41.8)
18 (31) 30(27.3)
15 (25) 28 (25.5)
11 (19) 16 (14.5)
10 (17) 21(19.1)
36 (61) 71 (64.5)
32 (54) 65 (59.1)
278 (313) 279 (314)
0.82 (0.14) 0.81 (0.14)

3BMI: body mass index

bPhysi cal activity (PA)—calculated as the sum of weekly walking, moderate, and vigorous physical activity.

CAssessment of Quality of Life-6D (AQoL-6D) scale.

Changesin Physical Activity and Quality Of Life

The results for the primary and secondary outcome measures
areshownins2and 3.

Both theintervention and control groupsincreased their MV PA
time from baseline to 8 weeks (primary outcome) (see Table
2). Thisincrease was considerably larger in magnitude for the
intervention group relative to the control group—2135 minutes
of increase relative to the control group (treatment effect size
=0.39, P=.03). At 20 weeks, both groups’ physical activity time
remained elevated compared with baseline. Relative to the
control group, the intervention group appeared to maintain a

http://www.jmir.org/2015/7/e174/

41-minute increase (treatment effect size = 0.11), however this
was not statistically significant (P=.26) (see Table 3).

The secondary physical activity outcomes revealed that the
change in overall physical activity at 8 weeks was primarily
driven by achangein time spent walking. Relative to the control
group, the intervention group increased their walking time by
an average of 155 minutes (treatment effect size=0.69, P<.001).
There were no significant group x time differences for walking
at week 20, and no significant group x time effects for other
types of moderate physical activity and vigorous physical
activity at either time point.

Therewere no significant group x time effectsfor overall quality
of life or mental health quality of life at either time point.
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Table 2. Outcome measures at baseline and at 8-week follow-up.
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Outcome measures Assessment period, mean (SD) Baseline to 8 weeks
Baseline 8 weeks Mean change (SE) Treatment effect, effect ~ Group-by-timeinteraction,
size (95% Cl) F1304 (P)
Overall PA 2timeP 1 ©
Intervention 279 (320) 528 (391) 248 (59) 0.39 (0.01, 0.76) 4.93(.03)
Control 278 (313) 391 (371) 113 (43)
Walking time 1t
Intervention 127 (198) 332(289) 205 (38) 0.69 (0.30, 1.07) 13.01 (<.001)
Control 110 (124) 160 (185) 50 (23)
Vigorous PA time 1
Intervention 52 (102) 78 (138) 26 (20) 0.12 (-0.25, 0.50) 0.89 (.35)
Control 63 (110) 83 (117) 19 (11)
Other moderate PA time 1
Intervention 50 (127) 73 (154) 23(29) 0(-0.37,0.38) 0.09 (.77)
Control 46 (128) 68 (171) 22 (23)
Overall AQoL-6D dy
Intervention 0.80(0.14)  081(0.14)  0.01(0.01) 0.04 (-0.34, 0.41) 0.26 (.61)
Control 0.82 (0.14) 0.83(0.14) 0.01 (0.01)
Mental health AQoL-6D 1
Intervention 0.59 (0.23) 0.62 (0.23) 0.03 (0.03) 0.10 (-0.27, 0.48) 0.02 (.90)
Control 0.62(0.25) 063(0.23)  0.01(0.02)

3PA: physical activity

PTimeisin minutes/wesk.

CArrows (1) indicate the desired direction (increase) of change.
dAssessment of Quality of Life-6D (AQoL-6D) scale.
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Table 3. Outcome measures at baseline and at 20-week follow-up.
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Outcome measures Assessment period, mean (SD) Baseline to 20 weeks
Baseline 20 weeks Mean change (SE) Treatment effect, effect ~ Group-by-timeinteraction,
size (95% Cl) F1304 (P)
Overall PA 2timeP 1 ©
Intervention 279 (320) 376 (377) 97 (50) 0.11 (-0.26, 0.49) 1.29 (.26)
Control 278 (313) 335 (342) 56 (47)
Walking time 1t
Intervention 127 (198) 165 (186) 38(29) 0.08 (-0.29, 0.46) 1.55 (.21)
Control 110 (124) 133 (137) 23 (20)
Vigorous PA time 1
Intervention 52 (102) 89 (139) 37(16) 0.15 (-0.23, 0.52) 1.41 (.24)
Control 63 (110) 82 (138) 18 (18)
Other moderate PA time 1
Intervention 50 (127) 38 (100) -12 (21) -0.07 (-0.44, 0.31) 0.01 (.94)
Control 46 (128) 43 (95) -3(16)
Overall AQoL dy
Intervention 0.80(0.14)  083(0.15  0.03(0.01) 0.36 (-0.02, 0.73) 0.15 (.70)
Control 0.82 (0.14) 0.82 (0.15) 0.00 (0.01)
Mental health AQoL 1
Intervention 0.59 (0.23) 0.64 (0.23) 0.05 (0.02) 0.36 (-0.02, 0.73) 0.44 (.51)
Control 0.62(0.25) 061(0.26)  -0.02(0.02)

3PA: physical activity

PTimeisin minutes/wesk.

CArrows (1) indicate the desired direction (increase) of change.
dAssessment of Quality of Life-6D (AQoL-6D) scale.

Usage

Of the 51 participantsin the intervention group, 48 (94%) used
the app at least once. Usage rates were reasonably high; 28
(55%) logged steps for all 50 days of the program as intended,
while 35 (69%) logged steps for 36 days or more. These steps
were logged across a mean of 18 unique log-in occasions (SD
13.3, range 0-46). On average, intervention participants|ogged
8867 (SD 2850) steps per day, and one-third of participants
(16/51, 31%) met or exceeded theintervention target of 500,000
stepsin 50 days. Participants sent a mean of 4.8 gifts (SD 6.3,
range 0-27) to their teammates, and made a mean of 2.7 wall
poststo their team discussion wall (SD 3.4, range 0-13).
Feasibility

A total of 47 of the 51 (92%) original intervention participants
completed the participant feedback questionnaire at 8 weeks.
Feedback about the app overall was generally positive: 32 out
of the 47 respondents (68%) either agreed or strongly agreed
that the app was user friendly, 32 (68%) liked the overall

presentation of the app, and 35 (74%) reported they were able
to navigate easily around the app.

Feedback was also sought on the specific features of the app:
38 respondents out of 47 (81%) reported that they found the

http://www.jmir.org/2015/7/e174/

“My steps’ page useful (where participants logged their daily
step counts); however, there was less agreement that the daily
tips were useful (18/47, 38% agreed/strongly agreed), that the
virtual gifts were motivating (14/47, 30% agreed/strongly
agreed), or that the unlockable awards were motivating (12/47,
26% agreed/strongly agreed).

Approximately half of the 47 respondents reported that they
felt their teammates influenced them to improve their exercise
regimen (27/47, 57%) and that the app provided them with
social support (21/47, 45%).

Subgroup Analysis

Subgroup analyses were undertaken to determine whether,
within the intervention group, changein MV PA was related to
ageor seX, intervention “dosage” (high vslow), and achievement
of physical activity guidelines at baseline. Results showed that
participants’ successin the program was unrelated to sex (Fy 4=
0.10, P=.91) and age (F; 4= 1.17, P=.32), however, it was
associated with intervention dosage, with “high dose’
participants increasing their MVPA significantly more than
“low dose” participants (Fy 4 = 3.06, P=.04). Furthermore,
participants who were insufficiently active at baseline were
more likely to increase their MVPA using the program (Fy 4=
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466.71, P<.001). Of the 33 intervention participants who were
insufficiently active at baseline, 21 (64%) were sufficiently
active at 8 weeks, and 13 (39%) continued to be sufficiently
active at the 20-week follow-up.

No adverse events were reported throughout the trial period.

Discussion

Principal Findings

This study found that a 50-day team-based online social
networking physical activity intervention incorporating
pedometers produced a large and significant change in MVPA
(the study’s primary outcome) during the course of the
intervention. The change was primarily driven by an increase
in time that intervention participants spent walking (155
min/week relative to the control group). However, the
intervention participants' improvements over those of the control
participants were not maintained 3 months after the stimulus
was removed. There was a pattern for the intervention to
favorably impact on overall quality of life and mental health
quality of life at the 20-week follow-up, however, this was not
statistically significant. The intervention achieved reasonably
high rates of engagement and retention, and participant feedback
was generally positive.

To our knowledge, thisis the first randomized controlled trial
evaluating a physical activity intervention delivered via
Facebook to report a significant improvement. Two other
studies, both utilizing Facebook groups[16,32] to deliver and/or
complement aphysical activity intervention, reported significant
time effects, but not group-by-time effects (ie, in those studies,
both the intervention and control groups improved across the
course of the intervention, but the degree of improvement did
not significantly differ between intervention and control groups).
The difference in findings may be due to the way in which
Facebook was used between these two studies and our current
study. Cavallo and colleagues [16] and Valle and colleagues
[32] set up private Facebook groups that were intended to
facilitate discussion and sharing of information between
intervention participants. In contrast, our intervention involved
a Facebook app (ie, standalone software, delivered via the
Facebook platform) that focused on assisting participants to
log, track, and compare their daily physical activity with other
users. Furthermore, in both the Cavallo and colleagues[16] and
Valle and colleagues [32] studies, participants who were
strangers to each other offline were intended to communicate
with each other via the online groups. In contrast, our study
drew upon existing online social networks, so that study
participants were interacting within teams of people with whom
they shared an existing online connection, and presumably an
offline connection as well. This is arguably more consistent
with the use of online socia networks, given that people
typically use Facebook to interact with people with whom they
share an offline connection [33]. The approach used in our study
was somewhat similar to that reported by Foster and colleagues
[15], whereby a group of workmates compete in a
pedometer-based challenge. Similar to our study, they reported
physical activity behavior change of alarge magnitude.

http://www.jmir.org/2015/7/e174/
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As with many Web-based physical activity interventions [4],
recidivism was apparent in the current study. At the end of the
program, there was a more than 2-hour difference in weekly
physical activity between groups, yet 12 weeks later at the
20-week follow-up assessments, the intervention participants
physical activity levels had returned to within 40 minutes of
those of the control group (notethat the study wasinsufficiently
powered for a 40-minute difference to be statistically
significant). Despitethelack of statistical significance, thetrend
for change providesinsight for afuture, larger study, asachange
of this magnitude is likely to be of clinica significance.
Furthermore, the subgroup analysis, which showed that around
40% of participants who were insufficiently active at baseline
successfully met physical activity guidelines at the 20-week
follow-up, suggests that the population impact of the app may
be considerable if the intervention was to be implemented at a
large scale.

Further work isrequired to determine how to maintain physical
activity behavior change achieved by the Active Team
intervention in the longer term. Fjeldsoe and colleagues’ [34]
review of physical activity behavior change maintenance
suggests that increasing the intervention’s duration, and/or
building long-term foll ow-up promptsinto the app may be useful
in achieving this. While the study’s intervention was mainly
guided by thetheory of planned behavior, other behavior change
theories which emphasize behavior maintenance, such as the
transtheoretical model [35] or the Health Action Process
Approach [36], and self-regulation theories [37] may provide
valuable insights into further strategies to maintain behavior
change in the longer term.

Gamification has been apopular tech trend in recent years. The
Active Team app was carefully designed to incorporate
numerous gamification features; however, usage statistics and
participant feedback specific to these features suggested they
were not strongly embraced by participants. Despite this, the
app overall achieved strong usage and participant feedback. It
is possible that the influence of gamification was larger than
participants indicated—that it worked in a subconscious way
and did, in fact, contribute to engagement and utility of the app.
Alternatively, it may be that gamification has been overhyped,
or at least unsuccessful intheform inwhich it wasimplemented
in our app. Such hypotheses cannot be answered by our study;
indeed, the field of gamification for health behavior change is
initsinfancy and considerable further work is needed to explore
its efficacy and optimal application.

Facebook is recognized to have extremely diverse reach,
appealing to users of widely varying sociodemographic
backgrounds [38,39]. Nevertheless, our study recruited a
predominantly female, middle-class sample. Further work is
required to determine how to attract a diverse sample, and in
particular, increase reach to low physical activity/low
socioeconomic status users, who are likely to gain the most
benefit from aphysical activity intervention. Furthermore, once
effective intervention approaches have been devised, research
focused on determining how to disseminate interventions on a
mass scale will be key. Insights offered by social marketers and
traditional marketersarelikely to be highly valuablein achieving
these goals.
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Strengths

Strengths of the current study are the novelty of theintervention,
which used online social networking to recruit participants and
deliver a physical activity program (in combination with a
pedometer), that the app incorporated novel features
(gamification and fun), and that there was minimal contact from
research personnel. Theonlineintervention itself wasdelivered
entirely viathe software and automated emails. This hands-off
delivery approach can facilitate large-scal e dissemination of the
intervention in the future. Further strengths of the study were
the randomized controlled trial study design, and the relatively
high rates of compliance and retention achieved.

Limitations

For logistical reasons, the study used self-reported measures of
physical activity, and these are typically considered to be
susceptibleto socia desirability bias[40]. Interestingly, Crutzen
and Goritz [41] recently examined this issue in over 5000
participants, and found social desirability bias was, in fact,
unrelated to Web-based self-reported physical activity,
suggesting that Web-based self-reports of physical activity are
more trustworthy and useful. An advantage of self-reported
physical activity, as opposed to objectively measured physical
activity, isthe considerably lower participant assessment burden,
which arguably enhances the study’'s ecological validity.
Similarly, in the interest of minimizing assessment burden, we
did not measure theory of planned behavior constructs and,
hence, were unable to determine whether changes in these
constructs explain intervention effects. In the future, a more
extensive measurement protocol, including such measures,
would provide useful insights into possible mechanisms. We
decided not to exclude participantswho stated that they obtained
less than 150 minutes of weekly MVPA at enrolment, yet who
went on report more than 150 minutes during the baseline
surveys. In order to allow the intervention’s social and team
nature to function as intended, it was important to alow
participants to undertake the intervention with friends, without
applying too many restrictions. The application of RCT
principles, such as strict ligibility criteria and prevention of
contamination, in online social network interventions presents
researchers with many dilemmas, and we would argue that a
degree of pragmatism isrequired to allow the social networking
intervention to function as intended, and consequently produce
results that are useful in the “real world.” Aswith most health
behavior randomized controlled trials, blinding of participants

Maher et d

to the intervention arm was not possible, however blinding of
assessors was achieved since all assessments were delivered
via online surveys. Additionally, this intervention had two
components—the use of (1) a pedometer and (2) the app—and
the use of await-list control meant that the individual influence
of these components on study outcomes cannot be determined
in the current study. Kang and colleagues' [42] meta-analysis
of pedometer-based interventions found an overall effect size
of 0.68 for daily step count—very similar to the effect size of
0.69 found for walking time in our study. Thus, it is possible
that the pedometer component largely accounted for the behavior
change observed in our study. However, engagement data
indicated high use of the app, suggesting the combined
intervention elements (ie, pedometer and app) were both
important in achieving behavioral change. Finally, the subgroup
analyses were likely underpowered, and the sample may not
necessarily be generalizable given the high proportion of female
and well-educated individuals.

The “snowball”-style recruitment method offers both strengths
and weaknesses. Firstly, it isin keeping with how information
and communication typically spread via online networks.
Furthermore, it may have alleviated the problem encountered
by many physical activity interventions in that they tend to
attract relatively motivated individuals. It islikely that the team
captains themselves may have been the "typical" motivated
individuals who volunteer for research projects, however, it is
plausible that the team members would not otherwise have
joined, except that they received an invitation from their
friend—this use of socia influence is often termed
“word-of-mouth seeding” in marketing [43]. An unanticipated
drawback on the team structure was that numerous potential
participants who registered could not be formally enrolled
because their team never formed. Futureiterations of the Active
Team software will explore alternative recruitment structures
in order to draw on the positives of snowball recruitment,
without the present limitations of the strict team structure.

Conclusions

This study has provided preliminary evidence that an online,
social networking physical activity intervention using
pedometers can produce sizeable short-term physical activity
change. Future work is needed to determine how to maintain
behavior change in the longer term, how to reach underserved
populations on this platform, and how to disseminate such
interventions on amass scale.
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Abstract

Background: Datafrom controlled trialsindicate that Web-based interventions generally suffer from low engagement and high
attrition. Thisisimportant because the level of exposure to intervention content is linked to intervention effectiveness. However,
data from real-life Web-based behavior change interventions are scarce, especially when looking at physical activity promotion.

Objective: The aims of this study were to (1) examine the engagement with the freely available physical activity promotion
program 10,000 Steps, (2) examine how the use of asmartphone app may be hel pful inincreasing engagement with the intervention
and in decreasing nonusage attrition, and (3) identify sociodemographic- and engagement-related determinants of nonusage
attrition.

Methods: Users (N=16,948) were grouped based on which platform (website, app) they logged their physical activity: Web
only, app only, or Web and app. Groups were compared on sociodemographi cs and engagement parameters (duration of usage,
number of individual and workplace challenges started, and number of physical activity log days) using ANOVA and chi-sgquare
tests. For a subsample of users that had been members for at least 3 months (n=11,651), Kaplan-Meier survival curves were
estimated to plot attrition over the first 3 months after registration. A Cox regression model was used to determine predictors of
nonusage attrition.

Results: In the overall sample, user groups differed significantly in all sociodemographics and engagement parameters.
Engagement with the program was highest for Web-and-app users. In the subsample, 50.00% (5826/11,651) of users stopped
logging physical activity through the program after 30 days. Cox regression showed that user group predicted nonusage attrition:
Web-and-app users (hazard ratio=0.86, 95% CI 0.81-0.93, P<.001) and app-only users (hazard ratio=0.63, 95% CI 0.58-0.68,
P<.001) showed a reduced attrition risk compared to Web-only users. Further, having a higher number of individual challenges
(hazard ratio=0.62, 95% CI 0.59-0.66, P<.001), workplace challenges (hazard ratio=0.94, 95% CI 0.90-0.97, P<.001), physical
activity logging days (hazard ratio=0.921, 95% CI 0.919-0.922, P<.001), and steps logged per day (hazard ratio=0.99999, 95%
Cl 0.99998-0.99999, P<.001) were associated with reduced nonusage attrition risk aswell as older age (hazard ratio=0.992, 95%
Cl 0.991-0.994, P<.001), being male (hazard ratio=0.85, 95% Cl 0.82-0.89, P<.001), and being non-Australian (hazard ratio=0.87,
95% Cl 0.82-0.91, P<.001).

Conclusions; Compared to other freely accessible Web-based health behavior interventions, the 10,000 Steps program showed
high engagement. The use of an app aone or in addition to the website can enhance program engagement and reduce risk of
attrition. Better understanding of participant reasons for reducing engagement can assist in clarifying how to best address this
issue to maximize behavior change.
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Introduction

Insufficient physical activity has been identified as the
fourth-leading risk factor for global mortality [1]. Previous
research has shown that Web-based behavior change
interventions can be effective in increasing physical activity
[2,3]. The Internet is a promising tool to deliver complex,
individualized, and tail ored interventionswhilereaching alarge
part of the population at lower cost than face-to-face
interventions [4]. However, maintaining interest of the
participants in the intervention over time has been reported as
a man chalenge of Internet-delivered interventions [5].
Web-based intervention studies typically suffer from high
nonusage attrition (ie, not all participants use or keep using the
intervention as intended by the developers) [6]. Most often,
websitelog-ins, afrequently used indicator of engagement and
intervention exposure, decrease rapidly over time [7,8]. This
makes it difficult to measure intervention effects because
participants receive different doses of the intervention content
[5]. For example, in a Web-based weight loss study [9], only
64% of the intervention group actually used the intervention at
least once. This is important because the level of exposure to
intervention content has been linked to intervention effectiveness
[10,11]. In addition to nonusage attrition, Web-based
interventions studies suffer also from high dropout attrition (ie,
participants are lost to follow-up). For Web-based physical
activity interventions, reported dropout attrition rates vary
between 0% and 62% [2,12].

Eysenbach [5] calls for a science of attrition to systematically
examine attrition rates, engagement measures, and associated
variables. Thusfar, research on attrition has been done primarily
in the context of controlled trials [6,13]. However, to evaluate
the real public health impact of an intervention there is a need
to examine effectiveness and reach of thetarget popul ation after
implementation to real-life settings [14]. Findings of honusage
rates from controlled settings may not trandate to real-life
settings. In efficacy trials, participants usually have gonethrough
a rigorous screening process to determine eigibility and
therefore include a selected group of participants that is likely
more motivated to use the intervention compared to those not
undergoing this screening. Further, people could be more
committed to the study because of the formal structure of the
trial or active recruitment, which leads to lower attrition [5,6].
This is supported by studies that find a higher percentage of
intervention completersand higher website usagefor trial users
compared to “real-life” users of the same website [15,16].
Although dropout and nonusage attrition have been described
in relation to commercially available websites [17,18], few
studies describe similar patterns in freely accessible
interventions, especially in regard to physical activity [15].

Several intervention characteristics have shown to enhance
engagement and/or decrease attrition of interventionsincluding
the provision of personaly tailored content, interactive

http://www.jmir.org/2015/7/e176/

components, social networking, and reminders[19-22]. Besides
characteristics of theintervention itself, personal characteristics
of the users and the degree of engagement with theintervention
may affect nonusage attrition [15,20,23]. Attempts to promote
physical activity via smartphone technology appear to be
promising because it increases the convenience of accessing
the intervention and engaging in self-monitoring [24]. Within
controlled trials, there is some evidence that using smartphone
apps can enhance engagement, decrease attrition, and increase
efficacy of Web-based interventions [25-27]. However, thusfar
thereisno knowledge about how smartphone apps can enhance
engagement with Web-based interventions in real-life settings.

The aim of this study is to examine engagement with a
Web-based physical activity intervention in real life because
findingsfrom controlled settings may not translateinto real-life
settings. Therefore, this study examines engagement and
nonusage attrition in the freely available 10,000 Steps Australia
program [20,28], which aims to promote physical activity
through the use of pedometers and awebsite. A second aim is
to examine whether use of a smartphone app is associated with
reduced nonusage attrition and increased engagement with the
intervention. Third, we aim to identify sociodemographic- and
engagement-related determinants of nonusage attrition.

Methods

I ntervention Program

The 10,000 Steps programisafreely available physical activity
promotion program that encourages usersto record and monitor
their physical activity using pedometers. It was initialy
devel oped as awhole-community multilevel program based on
the socioecological framework. Further information on the
development of the program has been reported elsewhere
[20,28]. A mainfeature of the program isan online step log that
allows users to enter and monitor their daily physical activity
levels based on pedometer steps or time spent in physical
activity. This feature is available to users both on the website
and as a smartphone app. Further, users are able to join
individual challengeswherethey choose from amonthly updated
selection of goals and receive graph- and text-based feedback
of their progress (individual challenge). When usersarerecruited
via their workplace, they may participate in team-based
workplace challenges. These usualy last longer than 1 month
and the workplace is responsible to set the team challenges
(workplace challenge). Further, usersareableto useadiscussion
forum and virtual walking buddies with whom they can share
progress.

Smartphone App

In addition to the opportunity to use the program viathe 10,000
Steps website, there is aso a smartphone app available on the
iOS mobile platform [27]. Initially designed to allow users to
enter their daily physical activity, users are now also able to
joinand view progress of challenges. Datafrom the smartphone
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app are synchronized with their activities recorded on the
website. Data from a case-matched control trial [27] indicated
that use of the 10,000 Steps app increased the number of days
physical activity waslogged and the likelihood to log more than
10,000 steps per day in a sample of 10,000 Steps users.
Excluding participants from the controlled trial, the app had a
total of 35,761 downloads as of April 30, 2014. One-third
(33.12%, 11,845/35,761) of those that downloaded the app al so
used it to log physical activity.

Data Collection and Extraction

Data were extracted from the database of the 10,000 Steps
program for users aged at | east 18 years, who registered between
July 8, 2013 and April 30, 2014, and who logged physical
activity for at least 1 day in thisperiod either through the website
or the smartphone app (N=17,590). Although the website and
app were available before July 8, 2013, this date was chosen as
the start date for data extraction because prior to this date the
available version of the app had reduced functionality;
specifically, it did not allow users to join or view progress of
challenges. No magjor changesin app functionality have occurred
since this date, only minor updates have happened. Therefore,
this study was delimited to users who registered during this
297-day period between July 8, 2013 and April 30, 2014
excluding those users who registered before this time. Thus,
the maximum membership length in this study was 297 days.
Website and app usage data were automatically recorded while
using the 10,000 Steps program. When registering with the
10,000 Steps program, participants provided informed consent
for usage of their data for research purposes.

M easures

Sociodemographics, “ Where Did You Hear About Us?”
and Length of Membership

Date of birth, gender, and country of residence were assessed
when participants registered to the 10,000 Steps program. Users
were also asked how they heard about the 10,000 Steps program
(21 response options were provided, including different types
of media, friends, workplace, health professionals, and specific
initiatives the program was advertised in). Length of
membership was calcul ated as the number of days between the
date of registration for the program and April 30, 2014.

Engagement Parameters

Engagement was defined as the duration and frequency of
involvement with the program. Four measures of engagement
were used: (1) the duration of program use calculated as the
number of calendar days from the first to the last time the
physical activity log was used, (2) the number of individual
challenges initiated, (3) the number of workplace challenges
initiated, and (4) the total number of days physical activity was
recorded in the step log (both website and app). The number of
individual and workplace challenges participated in was
determined from the 10,000 Steps database, which encompassed
website and app usage information.

The total number of days of physical activity recorded in the
step log and duration of program usage differed. For example,
auser may have used the program for 50 days (time from first
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to last step log), but only logged steps on 30 occasions during
thistime.

Nonusage Attrition

Duration of program usage was also applied as an indicator of
nonusage attrition. Participants were coded as “nhonusage
attrition was observed” when they did not log physical activity
for at least 14 days[29] (ie, there were =14 days between their
last physical activity log and the end of the observation period).
All other users were coded as “nonusage attrition was not
observed.” For example, when a participant first logged steps
on the 10,000 Steps platform on October 1, 2013 and the last
time on December 1, 2013, then nonusage attrition was deemed
to have occurred after 62 days of use.

Physical Activity

Users mean steps per day were determined by dividing the total
number of stepslogged by the number of days stepswerelogged
for. If users mean of logged steps per occasion was more than

20,000, this was truncated to 20,000 steps [30,31]. Truncation
was performed for 928 participants.

Data Analysis

Overview

The program allows participants to retrospectively log stepsin
case they started to use a pedometer before registering with the
program. Users were excluded from data analysis when they
logged physical activity for morethan 7 days prior to their start
of their membership (n=617) and when inconsistenciesin data
were detected; that is, users logged on average less than 100
steps per day (n=16) or logged physical activity on more days
than it would be possible based on their duration of program
use (n=9). The final number of users included in the analysis
of user characteristics and engagement was N=16,948 and is
referred to as the overall sample. Attrition analysis was based
on a subsample of users as described subsequently. Based on
the platform used to log steps, 3 groups were defined: Web-only
users who logged steps solely via the 10,000 Steps website
(83.87%, 14,215/16,948), app-only users who logged steps
solely via the 10,000 Steps smartphone app (8.56%,
1451/16,948), and Web-and-app userswho logged stepsviathe
10,000 Steps website and the smartphone app (7.56%,
1282/16,948).

User Characteristics and I ntervention Engagement

First, means and standard deviations for sociodemographics,
engagement parameters, and logged physical activity were
calculated to describe the overall sample and the 3 user groups.

To assess which personal characteristics of 10,000 Steps users
may facilitate choosing the app over the website, differences
between the user groups regarding sociodemographics were
analyzed. Further, user groups were compared regarding
engagement parameters and logged physical activity. Group
comparisons were performed using 1-way ANOVAs with
Bonferroni-corrected post hoc comparisons (for continuous
variables) and chi-square tests (for categorical variables).

Because engagement parameters are likely to depend on
sociodemographics, length of membership, and physical activity
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level, we also examined the effect of user group on the
engagement parameters using linear regression adjusting for
those variables. Four regression analyses werefitted, each using
an engagement parameter (duration of usage, individual
challenges, workplace challenges, physical activity log days)
as the dependent variable. User group was used as the
independent variable along with age, gender, country of
residency, length of membership, and physical activity as
covariates. Standardized regression coefficientswere cal cul ated.
Effect sizes (n?) were calculated for linear regression because
even small differences tend to reach significance with high
numbers of participants such as in our study. According to
Cohen [32], the minimum criterion for at least a small effect

wasn>.01. Therefore, in this study, differenceswere considered
meaningful when effect sizesreached these thresholds. Further,
duration of usage, number of individua and workplace
challenges started, and number of days physical activity was
logged for were presented for different membership lengths.

Nonusage Attrition

Survival analysis was used to examine differences in nonusage
attrition between groups. Nonusage attrition was examined over
the first 3 months after registration to the program and was
limited to a subsample of users (n=11,651) who were a 10,000
Steps member for at least 3 months (90 days) at thetime of data
extraction (April 30, 2014). This was done to ensure that all
participants had the same chance to use the program and to
enable comparability with other published attrition curves
[5,15,33]. Thismeansthat userswereincluded eveniif they only
logged steps for a single day, but had been a member for 3
months. The duration of program use was used as the time
variable. The event variable was coded as specified in the
Measures section with 1=nonusage attrition observed and
O=nonusage attrition not observed. Kaplan-Meier survival curves
showing the proportion of users surviving over time and
quartiles of survival time were estimated by user group. The
equality of the survivor functions was tested with a log-rank
test. Predictors of nonusage attrition (user group,
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soci odemographics, engagement parameters, and steps per day)
were examined within univariate Cox proportiona hazard
regression. Predictorsthat had aunivariate P value of <.25[34]
were selected for inclusion in a multivariate model. Hazard
ratios, which represent relative risks for attrition, were
calculated. Statistical analysiswas performed with Stataversion
12 (StataCorp LP, College Station, TX, USA).

Results

Overview

Of 16,040 users who answered the “Where did you hear about
us?’ question, most users (73.99%, 11,868/16,040) indicated
that they heard about the program through their workplace.
Further, 12.42% (1992/16,040) heard about 10,000 Steps from
afriend; 4.3% (692/16,040) from awebpage; 2.9% (461/16,040)
from ahealth professional; 0.9% (140/16,040) from Facebook;
0.41% (65/16,040) from other mediaincluding TV, newspaper,
and radio; and 5.1% (822/16,040) indicated other sources.

User Characteristics

Descriptions of the overall sample and the subsampl e regarding
sociodemographics, engagement data, and logged physical
activity are shown in Table 1 and Multimedia Appendix 1,
respectively. The majority of participantsin the overall sample
werefemale (69.87%, 11,841/16,948) and Austraian (77.54%,
13,142/16,948). Membership length ranged between 1 and 297
days (mean 190, SD 78.6 days). Gender and country of residence
were significantly different between user groups, with highest
percentage of females (73.5%, 942/1282) and Australians
(84.7%, 1086/1282) for the Web-and-app group. App-only users
and Web-and-app users were significantly younger than
Web-only users (P<.001) with app-only users being al so younger
than Web-and-app users (P<.04). Web-only users (P=.004) and
Web-and-app users (P<.001) had longer durations of
membership in the 10,000 Steps program compared to the
app-only users, with no difference between Web-only and
Web-and-app users (P=.28).
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Table 1. Sociodemographics, engagement, and physical activity by user group in the overall sample (N=16,948).
Variables Overall Web only App only Web and app Foo X22 P
N=16,948 n=14,215 n=1451 n=1282
Sociodemographics
Age, mean (SD) 41.8(12.1) 42.4(12.2) 38.3(11.1) 39.5(11.5) 102.6 <.001%¢
Females, n (%) 11,841 (69.87) 9848(69.28)  1051(72.43) 942 (73.48) 14.8 <.001
Australians, n (%) 13142 (77.54) 10,936(76.93) 1120(77.19) 1086 (84.71) 41.0 <.001
Membership days, mean (SD) 190.4 (78.6) 190.7 (78.9) 1839(79.6)  1946(727) 70 <.001%
Engagement
Duration of usage (days), mean (SD) 34.5(30.5) 32.8(28.2) 37.7(37.2) 50.2 (40.4) 203.6 <.001%¢
Individual challenges, mean (SD) 0.1(0.5) 0.1(0.4) 0.2(0.7) 0.3(0.9) 174.4 <.001%¢
Workplace challenges, mean (SD) 0.9 (0.5) 0.9 (0.5) 0.8(0.7) 0.9(0.6) 52.2 <.001%
Number of daysphysical activity was 30.8 (25.1) 29.5 (23.6) 32.9(29.8) 433 (31.5) 188.7 <001%¢
logged for, mean (SD)
Physical activity
Steps per day, mean (SD) 10,692.1 10,701.7 10,253.0 11,082.6 13.6 <.0018¢
(4194.4) (4251.6) (3951.1) (3758.1)

aWeb only is different from app only.
b \web only is different from Web and app.
€ App only is different from Web and app.

Engagement With the I ntervention

Inthe overall sample, users utilized the program between 1 and
296 days (mean 34.5, SD 30.5 days) with 6.51% (1103/16,948)
and 81.89% (13,879/16,948) participating at least in 1 individual
challenge (range 0-8) and 1 workplace challenge (range 0-8),
respectively. Users logged on average 30.8 days of physical
activity (range 1-290 days) with 97.77% (16,400/16,948) of
userslogging physical activity morethan once. With increasing
length of membership, the average duration of usage, the number
of individual and workplace challenges, as well as the number
of daysphysical activity waslogged per week decreased (Table
2). For example, users who were members between 1 and 2
months (30-60 days) used the program a mean 4.1 (SD 2.4)
days per week, whereas users with a membership of at least 9
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months (278-297 days) used the program amean 1.1 (SD 0.9)
days per week.

All engagement parameters differed significantly across user
groups (P<.001). App-only users showed alonger duration of
usage (P<.001), a higher number of individua challenges
(P<.001), a lower number of workplace challenges (P<.001),
and a higher number of days they logged physical activity
(P<.001) compared to Web-only users (Table 1). Compared to
app-only and Web-only users, Web-and-app users had alonger
duration of usage (P<.001), higher number of individual (P=.02
and P<.001, respectively) challenges, aswell asahigher number
of days they logged physical activity (P<.001). Regarding
workplace challenges, Web-and-app users had higher numbers
compared to app-only users (P<.001), but were not significantly
different from Web-only users (P=.07).
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Table 2. Mean engagement parameters for different membership lengthsin the overall sample (N=16,948).

Membership n Duration of platformusage  Individua challenges Workplace challenges Daysphysical activity logged
length (days)

Mean (SD) MeanwekdSD) Mean (SD) MeanwekdSD) Mean (SD) MeanwekdSD) Mean (SD)  MeaniweskdSD)
<lweek (1- 54 36(27)  101%(107) 0.00 (0.00) 0.00 (0.00) 0.24(0.43) 0.59 (1.46) 35(26) gg°
7 0ays) (10.6)
1-2weeks 60 9.0(55 55(34) 0.10 (0.35) 0.07 (0.24) 0.60(0.49) 0.37 (0.33) 87(53) 54(32)
(8-14 days)
2-3weeks 234  130(6.1) 5.1(24) 0.09 (0.09) 0.00 (0.04) 0.87(0.46) 0.34(0.18) 125(59) 49(2.3)
(15-21 days)
34weeks 413  157(7.7) 46(2.3) 0.04 (0.22) 0.01 (0.06) 0.85(0.48) 0.25(0.15) 140(80) 4.1(23)
(22-29 days)
1-2months 874  23.8(14.4) 4.1(2.4) 0.09 (0.35) 0.01 (0.06) 0.63(0.49) 0.11(0.09) 225(141) 38(24)
(30-60 days)
2-3months 1592 34.1(18.7) 3.2(1.8) 0.11(0.41) 0.01(0.04) 0.89(0.50) 0.08 (0.04) 31.7(17.8) 3.0(L7)
(61-91 days)
34months 604  36.2(28.9) 2.4(L9) 0.26 (0.73) 0.02 (0.05) 0.66 (0.59) 0.04 (0.04) 32.8(26.9) 2.2(18)
(92-122
days)
45months 370  38.7(325) 1.9(L6) 0.19 (0.67) 0.01(0.03) 0.71(0.65) 0.04 (0.03) 335(28.6) 1.7(14)
(123-153
days)
56months 1335 350(34.0) 1.4(L.4) 0.12 (0.56) 0.01(0.02) 0.87(0.53) 0.03(0.02) 29.2(245) 1.2(1.0)
(154-184
days)
6-7months 3218 31.6(27.9) 1.1(1.0) 0.10 (0.47) 0.00 (0.02) 0.92(0.37) 0.03(0.01) 28.2(22.7) 1.0(0.8)
(185-215
days)
7-8months 4016  36.7(34.1) 1.1(1.0) 0.12 (0.61) 0.00 (0.02) 0.93(0.65) 0.03(0.02) 32.7(275) 1.0(0.8)
(216-246
days)
8-9months 2462 36.8(30.5) 1.0(0.8) 0.09 (0.49) 0.00 (0.01) 0.91(0.46) 0.02(0.01) 33.4(26.0) 0.9(0.7)
(247-277
days)

9-10 months 1716  45.1(37.4) 1.1(0.9) 0.08 (0.42) 0.00 (0.01) 1.0(0.58)  0.02(0.01) 38.9(30.4) 0.9(0.7)
(278-297
days)

8 Calculated by (number of days respectively challenges/ individual membership days)* 7.
b Numbers exceed 7 days (maximum membership length in this group) due to the opportunity to retrospectively log steps before registration.

Recorded Physical Activity

More than half of participants (53.30%, 9033/16,948) |ogged
at least 10,000 steps on average per day. However, app-only
users had significantly lower numbers of steps per day compared
to Web-only and Web-and-app users (P<.001) with lower
numbers of steps per day for Web-only users compared to
Web-and-app users (P=.01). Web-and-app userslogged amean
of 67.4% (SD 29.94) of their total steps through the app.

Prediction of Engagement Parameters by Group

Table 3 shows results of 4 linear regression analyses regarding
the prediction of engagement parameters by user group when
controlling for sociodemographics, length of membership, and
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logged physical activity. Results align with data from Table 1:
comparisons of the number of workplace challengeswithin user
groupsdid not reach the threshold for ameaningful effect when
using Web-only as reference category (B=—0.07, n%=.005 and
B=0.01, n%=.000). Web-and-app users showed alonger duration
of usage (B=0.16, n°=.026), more individua challenges
(B=0.12, n =.014), and more days of physical activity logged
(B=0.15, n°=.024) compared to Web-only users, however,
comparisons between app-only and Web-only users regarding
duration of usage, number of individual challenges, and physical
activity log days did not reach the threshold for a meaningful

effect (n°=.004, n?=.009, n?=.003, respectively).
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Table 3. Linear regression analyses showing associations between engagement parameters and app-only and Web-and-app groups in comparison to

Web only in the overall sample (N=16,948).

Dependent variables App only? Web and app?

B (SE) P n? B (SE) P n?
Duration of usage 0.06 (0.82) <.001 .004 0.16 (0.86) <.001 .026
Individual challenges 0.10 (0.02) <.001 .009 0.12 (0.02) <.001 014
Workplace challenges -0.07 (0.02) <.001 .005 0.01 (0.02) 14 .000
Physical activity log days 0.06 (0.67) <.001 .003 0.15 (0.71) <.001 024

a\Web only was used as reference category; analyses controlled for age, gender, country, length of membership, and physical activity logged.

Nonusage Attrition

The following results are based on a subsample only including
usersthat had been a 10,000 Steps member for at least 3 months
(n=11,651). Figure 1 presents Kaplan-Meier survival curvesfor
the different user groups based on the duration of usage. The
log-rank test showed that the survivor functions were

significantly different across groups (x%=161.3, P<.001).

Estimated median lifetime usage (time after which 50% stopped
logging physical activity) was 30 days for all groups combined
(Table4). For al groups combined, 25.00% (2913/11,651) were
still logging steps after 42 days. This was similar to the
Web-only and app-only groups, with 41 and 43 days.
respectively; however, in the Web-and-app group, 25.0%
(220/878) of the sample were still logging steps after 56 days.

Table 4. Survival time by group in the subsample of users who were 10,000 Steps members for at least 3 months (n=11,651).

User group Percentage of group still used platform?

75% 50% 25%
Web only 21 days 29 days 41 days
App only 22 days 31 days 43 days
Web and app 28 days 36 days 56 days
All users 21 days 30 days 42 days

3Table indicates at what point in time (days) 75%, 50%, and 25% of users were still using the platform for the different groups.

Figure 1. Nonusage attrition curves for user groups in the subsample of users who were 10,000 Steps members for at least 3 months (n=11,651).
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Predictors of Nonusage Attrition

User groups, sociodemographics, engagement, and physical
activity as potential predictors of nonusage attrition in the
subsample are presented in Table 5. In the univariate analysis,
app-only and Web-and-app users showed reduced attrition risk
compared to Web-only users (hazard ratio=0.86, 95% CI
0.58-0.68, P<.001 and hazard ratio=0.63, 95% CI 0.81-0.93,
P<.001, respectively). Being aresident of a country other than
Australia (hazard ratio=0.87, 95% CI 0.82-0.91, P<.001), being
male (hazard rati0=0.85, 95% CI 0.82-0.89, P<.001), and being
of higher age (hazard ratio=0.992, 95% CI 0.991-0.994, P<.001)
also reduced the risk of attrition. Regarding the engagement
parameters, the risk of attrition decreased when the number of
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individual challenges (hazard ratio=0.62, 95% CI 0.59-0.66,
P<.001), workplace challenges (hazard ratio=0.94, 95% ClI
0.90-0.97, P<.001), and number of days physical activity was
logged for (hazard ratio=0.921, 95% CI 0.919-0.922, P<.001)
increased. Furthermore, the more stepslogged per day lowered
the risk for attrition (hazard ratio=0.99999, 95% CI
0.99998-0.99999, P<.001). All variables that had a P<.25 in
theunivariate analysiswereincluded in themultivariate analysis.
Results from the multivariate analysis showed a similar pattern
(Table 5) except that app-only users did not differ from
Web-only users (hazard ratio=0.98, 95% CI 0.91-1.05, P=.59)
and there was no effect of workplace challenges on attrition risk
(hazard ratio=0.98, 95% CI 0.94-1.01, P=.19) when controlling
for other variablesin the analysis.

Table 5. Univariate and multivariate Cox regression: association of nonusage attrition risk with user groups, sociodemographics, engagement, and
physical activity in the subsample of users who were 10,000 Steps members for at least 3 months (n=11,651).

Dependent variables Univariate Multivariate
Hazard ratio (SE), 95% CI P Hazard ratio (SE), 95% ClI P
Group
Web only reference reference
App only 0.86 (0.03), 0.58-0.68 <.001 0.98 (0.04), 0.91-1.05 59
Web and app 0.63(0.03), 0.81-0.93 <.001 0.69 (0.03), 0.64-0.75 <.001
Country
Australia reference reference
Other 0.87(0.02), 0.82-0.91 <.001 0.55(0.02), 0.52-0.58 <.001
Gender
Female reference reference
Male 0.85 (0.02), 0.82-0.89 <.001 0.95 (0.02), 0.91-0.99 .02
Age 0.992 (0.001), 0.991-0.994 <.001 0.999 (0.00), 0.997-1.000 <.001
Individual challenges 0.62 (0.02), 0.59-0.66 <.001 0.83(0.03), 0.77-0.89 <.001
Workplace challenges 0.94 (0.02), 0.90-0.97 <.001 0.98 (0.02), 0.94-1.01 19
Number of days physical activity was 0.921 (0.001), 0.919-0.922 <.001 0.917 (0.001), 0.915-0.918 <.001
logged for
Steps per day 0.99999 (0.00000), 0.99998-0.99999 <.001 0.999980 (0.000002), 0.999976- <.001
0.999985
Discussion Program Engagement in Real World Compared to

Principal Findings

The am of the present study was to examine program
engagement with afreely accessible Internet-delivered physical
activity intervention (10,000 Steps Australia) and test for a
possible positive effect of using a smartphone app on
engagement parameters and attrition. Results indicate a high
program engagement and that the use of the app alone or in
addition to the website can enhance program engagement and
lower attrition. Further, this study extends previous research on
individual challenges[20] by showing that workplace challenges
were also associated with a prolonged usage of the program
(reduced attrition risk).

http://www.jmir.org/2015/7/e176/

Controlled Settings

The present study reported high levels of program engagement.
Nearly al (97%) users logged physical activity at least twice.
Whereas most users engaged in at least 1 workplace challenge
(81%), only 7% used individual challenges.

Although some studies conducted within controlled settings
reported higher program engagement and lower attrition than
the 10,000 Steps program [15,35], studies frequently report
lower program engagement and higher attrition [36-40]. For
example, Funk et al [35] reported amedian of 124 exerciselogs
over 28 months (4.43 logs per months) within their weight loss
maintenance program, whereas users from our study with a
membership length of at least 9 months (278-297 days) had a
median number of physical activity logs of 32 (3.33 logs per
months). A study by Steele et a [39] reported 0.98 log-ins per
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week over 3 months, whereas our study recorded 3.0 physical
activity logs per week for users with a membership length
between 2 and 3 months. This is unexpected because all these
studieswere conducted in controlled settings, whereas our study
was not. Studies from controlled trials are generally expected
to have better outcomes regarding program usage because
participants are likely to be more motivated and committed to
the study because of the formal structure and selection process
they went through compared to partici pants from noncontrolled
settings [5,6]. Within controlled studies, it may be that the
environment where the intervention was delivered plays an
important role. Funk et al [35] provided their intervention within
primary care clinics; thismay haveled to ahigher commitment
to the intervention. In contrast, the other studies recruited
participants via local media advertising or email invitations,
this provides a less structured environment that may make
attrition easier [36-40].

Program Engagement of 10,000 Steps Compared to
Other Freely Accessible Programs

There has been some research examining engagement with
Web-based interventions in real-life settings including
i nterventions on depression, panic disorder, weight loss, physical
activity, drinking behavior, and smoking [15-17,41-46]. Results
of this study indicate a high program engagement compared to
other freely accessible Web-based interventions. Whereas 97%
of usersin our study logged physical activity at least 2 times,
other freely accessible studies reported between 10% and 62%
visiting the intervention at least twice [15,42,43,45,46]. In a
previous study on 10,000 Steps, amean of physical activity logs
per week of 1.6 was reported for a study period of 24 months
[20]. Thisis higher than the mean in our study (0.9 logs/week
over 9-10 months). This difference is likely caused by the
selected sample in that study [20] because participants were
users who already used the program for at least 1 month before
recruitment and responded to an email invitation. Thus,
participants were likely to be more motivated than in our study
inwhich no such selection biaswas present. Regarding nonusage
attrition, our study showed longer usage of the program
compared to other freely accessible interventions. Wanner et al
[15] reported amedian lifetime usage of 0 daysfor their physical
activity website and after 1 month, only 7% of the registered
users were still using the program. Also, Farvolden et al [44]
reported only approximately 1% completed their 12-week
open-access panic prevention program and Linke et a [41]
reported only 24% of users remained in the intervention after
4 weeks for their sensible drinking program. Nevertheless, a
commercia Web-based weight loss program [17] showed |ower
attrition for 12-week subscribers (median lifetime usage of 9
weeks) compared to our data. However, because users had to
pay a subscription fee upfront, this have may led to a higher
commitment to the intervention compared with studiesthat are
free of any charge[5].

Influence of Smartphone App on Engagement and
Nonusage Attrition

The second aim of this study was to examine the effect of a
smartphone app on program engagement. In general, app users
were younger and more likely to be female compared to
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Web-only users, which aligns with research showing that the
percentage of smartphone owners decreased with age and that
young adultsare more likely to use health apps[47]. Our results
indicate that a smartphone app may assist in prolonging user
engagement because using the 10,000 Steps app in addition to
the website was associated with a longer duration of usage,
higher participationinindividua challenges, and higher number
of days logging physical activity compared to users who only
used the website. Further, nonusage attrition significantly
differed across groups; the risk of nonusage attrition was reduced
by using the app compared to only using the website to log
steps. This effect was more pronounced for Web-and-app users
with a37% smaller attrition hazard compared to app-only users
with a14% smaller attrition hazard when using Web-only users
asareference category. Theseresultsarein-line with datafrom
the case-matched control trial of the 10,000 Steps app showing
positive effects of the app on the number of steps logged and
days physical activity was logged for [27]. Previous research
on theinfluence of smartphone apps on engagement and attrition
are scarce. However, for their weight loss promotion app, Carter
et a [25] found higher engagement and retention compared to
the website diary. In accordance to our study, app users more
oftenlogged dietary records compared to the website group (92
days vs 35 days over 6 months). Overall, using smartphones
for assistance in health promotion seems appealing because the
percentage of people accessing health information via mobile
devicesisincreasing. The Pew mobile health survey [47] found
that approximately 52% of smartphone owners reported using
their phone to look for health information and 19% have
downloaded an app specifically to track or manage health.

Although our results are promising, it should be noted that the
majority of users still were Web-only users (83.87%,
14,215/16,948) with only 16.13% (2733/16,948) using the app
alone or in addition to the website. These uneven group sizes
may be because the app is only available on the iOS mobile
platform. Even though rates are increasing, in 2011 the
proportion of US adults reporting to own either a smartphone
or tablet was 50%, with 38% of smartphone owners and 52%
of tablet owners saying their device used theiOS platform [48].
Thus, asubstantial number of individuals had to use thewebsite
wheninterested in using the 10,000 Steps program because they
either did not have asmartphone or had amobile device running
Android, Blackberry, or Windows. However, we cannot preclude
that at least some users chose to use the website over the app
intentionally (eg, because of a preference for browser-based
surfing or reduced functionality of the app compared to the
website).

Sociodemogr aphics, Engagement, and Physical Activity
as Deter minants of Nonusage Attrition

Personal factors associated with reduced nonusage attrition risk
were being male, non-Australian, and older age. Differencesin
nonusage attrition by country of residency may be seen as an
effect of weather because poor and extreme weather has been
identified as barriers of physical activity [49] and, in Australia,
it is hot and humid for most of the year. Even though evidence
shows that females are more likely to be interested in
health-related topics (eg, they are morelikely to seek onlinefor
health information) [50], are more likely to participate in
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Web-based physical activity interventions[2,51], and use health
apps on their phones more than men [47], in the univariate Cox
regression males had a 15% smaller attrition hazard compared
to females. However, some research suggeststhat men aremore
likely to participate in accelerometer-based studies [52]. Thus,
men could be more attracted by technical devices as support for
physical activity management (eg, pedometers used in the
10,000 Steps intervention) because they have a more positive
attitude toward new technology [53] and, therefore, moreinterest
in maintaining engagement with such an intervention. Effects
of age on nonusage attrition are in-line with previous research
showing that older age is associated with engagement with the
intervention (eg, [45,46]) and as engagement increases, therisk
of nonusage attrition decreases. As previous research on the
10,000 Steps project demonstrated [20], the number of
individual challenges users participate in is associated with
lower attrition risk. Further, this study adds evidence that
workplace challenges reduce nonusage attrition risk. Thisaligns
with previous research showing that interactive website
components may promote engagement with the intervention
[54].

Implications for Future Research

Even though Web-based interventions are capable of reaching
large parts of the population, a notable percentage never starts
to use or accesses only a small part of the intervention [9].
Because content cannot be helpful if it isnot viewed, techniques
to enhance engagement with the intervention are needed.
Previous research hasidentified factorsthat influence exposure
and attrition in Internet-delivered interventions [19-22,54].
However, more research is needed to examine effects of such
factors in real-life settings. For example, results from Wanner
et a [15] suggested that reminder emails are only effective for
trial participants, but not for registered open-access users.
Previousresearch hasidentified peer support asamain facilitator
of program engagement [21,54]. This is important because in
our study the majority of users heard about the 10,000 Steps
program either from their workplace or through afriend. Given
the importance of social support as a mediator of behavior
change, workplaces especially seem to be avaluable setting for
physical activity promotion becauseitsinternal structure easily
reaches large groups and provides a natural social network
[55,56]. The magjority of Web-based i nterventions we compared
our results to also used interactive components including
discussion boards or goal-setting features [35-38,44], such as
the 10,000 Steps program does; however engagement was still
higher in our study. This may be due to socia support gained
through doing workplace challenges within the 10,000 Steps
program. This study provided evidence that within real-life
settings the use of a smartphone app can enhance engagement
with the intervention over time. Most studies report that overall
engagement decreases over time (eg, [38]) and high attrition is
widely seen as a challenge of Web-based interventions.
However, some authors[17,57] arguethat thisis not necessarily
aresult of lost interest in the intervention, but of achieving a
satisfactory level of behavior change or self-management skills
[58]. Future research needs to target reasons for attrition and
examine variables in experimental conditions that could
di stinguish people who decrease and increase engagement over
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time to design interventions that are likely to be used in long
term.

Limitations

A strength of this study isthat we obtained alarge sample from
afreely available physical activity intervention and examined
usability efficacy as recommended by previous literature [5].
However, there are some limitations that need to be considered
when interpreting the results of this study. First, we only
included users with at least 1 physical activity log within the
period. Thus, engagement islikely to be higher compared with
studiesincluding userswith 1 websitelog-in (peoplecanlogin
to awebsite without using any features, such asthe 10,000 Steps
step log). On the other hand, usage duration was measured as
days between first and last physical activity log. This may have
underestimated engagement because users could have been
active using the discussion board or competing in challenges
while not logging steps. However, logging physical activity is
the main feature of the 10,000 Steps program and represents a
more credible measure than log-ins. Second, our sample
included userswith varying membership lengths and, therefore,
different timeframes of actually being able to use the program.
Because usage is likely to decline over time, study length has
to be considered when comparing studies. Thus, we reported
attrition only for userswho were membersfor at least 3 months.
However, we also reported results on engagement data for
different membership lengths, which enables comparisons to
previousresearch. Third, inthisstudy wedid not report on usage
of the discussion forum and virtual walking buddies. This was
because app-only users were not able to use these features in
the same way as Web-only or Web-and-app users. The
discussion forum is not accessible via the app at al; for the
virtual walking buddies, users are not able to add buddies via
the app. However, previous research has shown that the use of
virtual walking buddies was positively associated with the
average number of days physical activity was logged for [20].
Lastly, we did not measure physical activity in another form
other than stepslogged viathe program. Thisisnot an objective
assessment of participants’ activity becauselogged stepsdo not
necessarily encompass the overall physical activity level of the
users. This study did not include an objective measure of
physical activity assessing change from preregistration in the
program. Although large accelerometer-based studies are
emerging (eg, [59]), implementing such measuresin the context
of this study is challenging due to the timing of assessments.
Withstanding their limitations, self-reported data for the period
immediately before registering/commencing the program may
provide ameasure of physical activity that can be used to infer
program efficacy in future studies.

Conclusions

Our study provides insight into the engagement with a freely
available physical activity intervention. Results indicate that
smartphone apps may be powerful tools in enhancing program
engagement and lower attrition. Future research should
experimental ly examine reasons of |ow engagement and attrition
to enable development of interventions that ensure long-term
engagement with the intervention. Further, our data elucidate
that rating the success of online interventions by engagement

JMed Internet Res 2015 | vol. 17 | iss. 7 |e176 | p.56
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Guertler et al

parametersis highly dependent on the time window measured;  studiesin regard to engagement parameters.
therefore, study length has to be considered when comparing
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Abstract

Background: Few studies have addressed enrollment and retention methods in online smoking cessation interventions. Fully
automated Web-based trials can yield large numbers of participants rapidly but suffer from high rates of attrition. Personal contact
with participants can increase recruitment of smokers into cessation trials and improve participant retention.

Objective: To compare the impact of Web-based (WEB) and phone (PH) baseline assessments on enrollment and retention
metrics in the context of a Facebook smoking cessation study.

Methods: Participants were recruited via Facebook and Google ads which were randomly displayed to adult smokers in the
United States over 27 days from August to September 2013. On each platform, two identical ads were randomly displayed to
users who fit the advertising parameters. Clicking on one of the ads resulted in randomization to WEB, and clicking on the other
ad resulted in randomization to PH. Following online eligibility screening and informed consent, participants in the WEB arm
completed the baseline survey online whereas PH participants completed the baseline survey by phone with a research assistant.
All participants were contacted at 30 days to complete a follow-up survey that assessed use of the cessation intervention and
smoking outcomes. Participants were paid $15 for follow-up survey completion.

Results: A total of 4445 people clicked on the WEB ad and 4001 clicked on the PH ad: 12.04% (n=535) of WEB participants
and 8.30% (n=332) of PH participants accepted the online study invitation (P<.001). Among the 726 participants who completed
online eligibility screening, an equivalent proportion in both arms was eligible and an equivalent proportion of the eligible
participants in both arms provided informed consent. There was significant drop-off between consent and completion of the
baseline survey in the PH arm, resulting in enrollment rates of 32.7% (35/107) for the PH arm and 67.9% (114/168) for the WEB
arm (P<.001). The overall enroliment rate among everyone who clicked on a study ad was 2%. There were no between group
differences in the proportion that installed the Facebook app (66/114, 57.9% WEB vs 17/35, 49% PH) or that completed the
30-day follow-up survey (49/114, 43.0% WEB vs 16/35, 46% PH). A total of $6074 was spent on ads, generating 3,834,289
impressions and resulting in 8446 clicks (average cost $0.72 per click). Per participant enrollment costs for advertising alone
were $27 WEB and $87 PH.

Conclusions: A more intensive phone baseline assessment protocol yielded a lower rate of enrollment, equivalent follow-up
rates, and higher enrollment costs compared to a Web-based assessment protocol. Future research should focus on honing
mixed-mode assessment protocols to further optimize enrollment and retention.
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Introduction

Systematic reviews of recruitment methods for health studies
[1-4] have highlighted online recruitment as a way to address
many central enrollment challenges. Advantages of online
recruitment include the ability to rapidly and cost-effectively
reach a broad population, including those typically defined as
hard to reach [5,6]. However, low retention (ie, lossto follow-up
[7]) is of particular concern in fully automated, online trials
where follow-up rates are often lower than in-person trias
[8-10]. Internet-based trials have yielded an average follow-up
rate of 53% for fully automated randomized trias, with some
studies reporting rates as low as 13% [8].

Several approaches have been suggested to improve retention
in Internet-based trials, including offline consent and data
collection [10-13], modified online data collection formats
[9,24-16], and filtering potential participants based on
characteristics correlated with higher response rates [9,17-21].
There is evidence that online trials employing both online and
offline follow-up methods may yield higher rates of follow-up
[8,12,22,23].

This study used a randomized design to compare the effect of
Internet and tel ephone baseline assessments on recruitment and
retention metrics in a smoking cessation study involving
Facebook. Our apriori hypothesiswasthat amore personalized
assessment strategy at baseline (by phone) would depress
enrollment rates and result in greater enrollment costs but would
increase retention compared to a fully automated baseline
assessment via the Internet. The study was conducted from
August 2013 through November 2013 and was approved by the
Schulman Associates Institutional Review Board.

Methods

Participants

Eligible participants had to be adult (18 years or older),
self-identified smokers who were thinking of quitting in the
next 30 days, had an active Facebook account, and had not used
the smoking cessation Facebook app UbiQUITous [24].

Recruitment, Enrollment, and Randomization

Facebook and Google AdWords advertisements were
implemented simultaneously for 27 days from August 28
through September 24, 2013. All ads targeted adult smokers
within the United States and were designed to be as similar as
possible given the differences between Facebook and Google
advertising platforms. On each platform, two identical adswere
randomly displayed to userswho fit the advertising parameters.
Clicking on one of the ads resulted in randomization to the
Internet baseline assessment (WEB), and clicking on the other
ad resulted in randomization to the phone baseline assessment
(PH).

http://www.jmir.org/2015/7/e179/

A daily spending limit was set at USD $300 for all advertising.
The bidding structure was set to maximize impressions in
Facebook [25] and to maximize clicks in Google, with a max
bid of $0.25/click. This advertising approach built on lessons
learned by our research group from a previous randomized trial
conducted within Facebook [24] and was consistent with each
platform’s best practices at the time of the study [25-27].

Clicking on any of the adstook usersto a study invitation page
that provided a brief overview of the study and invited
individuals to complete €ligibility screening. Eligibility
screening assessed gender, ethnicity, race, education, smoking
status, motivation to quit, age, whether they had an active
Facebook account, and whether they had used the Facebook
app involved in this study. Only thelast 5 questions determined
eligibility; the other information was used to examine the
characteristics of individualsresponding to the recruitment ads.

Eligible participants completed online informed consent and
provided contact information. Participants randomized to the
WEB condition wereimmediately directed to the online baseline
assessment; participantsin the PH condition wereinformed that
they would be contacted within 48 hours by aresearch assistant
to compl ete the baseline assessment.

Intervention

Following completion of the baseline assessment, all participants
received information on how to install the study intervention,
UbiQUITous, a Facebook app grounded in evidence-based
smoking cessation treatment guidelines [28]. The devel opment
and implementation of the app is described in detail elsewhere
[24].

Assessment Procedures

The baseline survey comprised 14 questions addressing tobacco
use, cessation-related cognitions and behaviors, and intensity
of Facebook use [29]. It was deliberately short so as not to
represent a barrier to study enrollment. At 30 days
post-enrollment, participants in both arms were asked to
complete a brief follow-up survey. Survey invitations were
delivered via email, Facebook message, or telephone, with
telephone follow-up for nonresponders. The survey assessed
point prevalence abstinence (30-day and 7-day), tobacco use
among those not abstinent, cessation intentions and quit methods
used, and satisfaction with the UbiQUITous app. Participants
were paid $15 for completion of the follow-up survey (Amazon
gift certificate delivered via email).

Outcomes

The outcomes of interest were the proportion enrolling in the
study inthe WEB compared to the PH arm and of those enrolled,
the proportion completing the follow-up survey at 30 days
(retention) in the WEB compared to the PH condition.
Secondary outcomes were recruitment volume and enrollment
costs.
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Statistical Analysis

This study used two sources of data: advertising metrics and
enrollment and follow-up data extracted from our clinical trials
management system. First, we devel oped a CONSORT diagram
to track participants from ad exposure through enrollment and
retention and estimated differencesin proportions at each stage
using chi-square tests. Second, we estimated the advertising
cost per randomized participant in the WEB and PH conditions.

Results

Enrollment Metrics

Table 1 presentsthe flow of participantsfrom online recruitment
through follow-up. Overall, 4445 people were referred to the
study from the WEB ad and 4001 from the PH ad; 12.04%
(535/4445) of WEB participants and 8.30% (332/4001) of PH
participants accepted the online study invitation (P<.001). There
were no between-group differences in rates of eligibility or
informed consent. The main reason for ineligibility waslack of
intention to quit within the next 30 days (125 WEB, 57 PH).

Table 1. Enrollment flow of participants.

Villanti et &l

There was significant drop-off between consent and completion
of the baseline survey in the PH arm, resulting in an enrollment
rate of 32.7% (35/107) of PH participants versus 67.9%
(124/168) of WEB participants (P<.001). The overall enrollment
rate among everyone who clicked on a study ad was 1.76%
(149/8446). Of the 149 participantswho were enrolled, only 83
(55.7%) installed the Facebook app, with no differences between
study arms (WEB: 66/114, 57.9% vs PH: 17/35, 49%; P=.33).

Retention Metrics

Asshownin Table 1, 43.6% of enrolled participants completed
the 30-day follow-up survey, with no differences between study
arms (WEB: 49/114, 43.0% vs PH: 16/35, 46%; P=.78).

Enrollment Costs

During the recruitment period, atotal of $6074 (WEB $3027;
PH $3047) was spent on online recruitment ads, generating
3,834,289 (WEB 2,030,253; PH 1,804,036) impressions and
resulting in 8446 (WEB 4445; PH 4001) participants clicking
on the ads. Advertising costs per randomized participant were
$27 WEB and $87 PH.

Enrollment Step Total, n (%) WEB Arm, n (%) PH Arm, n (%) P value
Clicked on recruitment ad 8446 (100%) 4445 (100%) 4001 (100%) —
Accepted study invite 867/8446 (10.3%) 535/4445 (12.0%) 332/4001 (8.3%) <.001
Completed eligibility screening 7261867 (83.7%) 461/535 (86.2%) 265/332 (79.8%) 014
Eligible 474/726 (65.3%) 292/461 (63.3%) 182/265 (68.7%) 15
Consented 275/474 (58.0%) 168/292 (57.5%) 107/182 (58.8%) 79
Enrolled 149/275 (54.2%) 114/168 (67.9%) 35/107 (32.7%) <.001
Installed Facebook app 83/149 (55.7%) 66/114 (57.9%) 17/35 (48.6%) 33
Completed follow-up 65/149 (43.6%) 49/114 (43.0%) 16/35 (45.7%) .78

Discussion

Principal Findings

This study used anovel randomized design to assessthe impact
of baseline assessment method on recruitment and retention.
Our main finding was that a more intensive phone baseline
assessment protocol yielded a lower rate of enrollment,
equivalent follow-up rates, and higher enrollment costs
compared to a web-based baseline assessment protocol. The
overall enrollment rate of 2% was smaller than other trials but
still in the range of 6% observed in another large web-based
randomized trial [13]. Overall retention at 30 daysin our study
was 44%, similar to previous literature on web-based
randomized trials [8] and cohort studies [30] but lower than
reported in other web-based cessation studies with longer
follow-up periods[13,31]. The equivalent retention ratesin the
web and phone arms are consistent with findings reported in a
weight management study [32]. Our enrollment costs were also
in line with recent studies recruiting via Facebook ads [26,27].

Strengths and Limitations

While our study suffered from low enrollment, differential
drop-out between study arms, and low retention, these metrics

http://www.jmir.org/2015/7/e179/

werein linewith those reported in other onlinetrials[8,13]. Of
interest to others conducting online recruitment, we found
Google AdWordsto be an ineffective recruitment strategy driven
by automated shut-off by Google due to poor performance.
Possible barriersto performance from the Google ads may have
been the frame shift needed from an Internet search query to
Facebook app installation (versus Facebook ad for a Facebook
app) or the design of the ads, which attempted to keep content
and pricing similar in order to directly compare the yield of
Facebook to Google advertising. Researchers using online ads
across different platforms for study recruitment should take
these concerns into consideration when designing and
implementing recruitment protocols.

One strength of our study is the randomization of participants
to recruitment method using the underlying auction mechanism
to place ads within Facebook and Google. Our study is one of
thefirst to explicitly examinetheimpact of enrollment strategies
on recruitment and retention metrics within the context of online
intervention research. Future research should focus on honing
advertising strategies and web-based assessment protocols to
further optimize enrollment and retention.
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Abstract

Background: Web-based programs are a potential medium for supporting weight loss because of their accessibility and wide
reach. Research is warranted to determine the shorter- and longer-term effects of these programs in relation to weight loss and
other health outcomes.

Objective: The aim was to evaluate the effects of a Web-based component of a weight loss service (Imperative Health) in an
overweight/obese population at risk of cardiovascular disease (CVD) using a randomized controlled design and a true control
group.

Methods: A tota of 65 overweight/obese adults at high risk of CVD were randomly alocated to 1 of 2 groups. Group 1 (n=32)
was provided with the Web-based program, which supported positive dietary and physical activity changes and assisted in
managing weight. Group 2 continued with their usual self-care (n=33). Assessments were conducted face-to-face. The primary
outcome was between-group changein weight at 3 months. Secondary outcomesincluded between-group changein anthropometric
measurements, blood pressure, lipid measurements, physical activity, and energy intake at 3, 6, and 12 months. Interviews were
conducted to explore participants’ views of the Web-based program.

Results. Retention rates for the intervention and control groups at 3 months were 78% (25/32) vs 97% (32/33), at 6 months
were 66% (21/32) vs 94% (31/33), and at 12 monthswere 53% (17/32) vs 88% (29/33). Intention-to-treat analysis, using baseline
observation carried forward imputation method, reveal ed that theintervention group lost more weight rel ative to the control group
at 3 months (mean —3.41, 95% CI —4.70 to —2.13 kg vs mean —0.52, 95% CI —1.55 to 0.52 kg, P<.001), at 6 months (mean —3.47,
95% CI —4.95 to —1.98 kg vs mean —0.81, 95% Cl —2.23 to 0.61 kg, P=.02), but not at 12 months (mean —2.38, 95% Cl —3.48 to
—0.97 kg vs mean —1.80, 95% Cl —3.15t0 -0.44 kg, P=.77). More intervention group participants |ost 5% of their baseline body
weight at 3 months (34%, 11/32 vs 3%, 1/33, P<.001) and 6 months (41%, 13/32 vs 18%, 6/33, P=.047), but not at 12 months
(22%, 7/32 vs 21%, 7/33, P=.95) versus control group. The intervention group showed improvements in total cholesteral,
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triglycerides, and adopted more positive dietary and physical activity behaviors for up to 3 months verus control; however, these
improvements were not sustained.

Conclusions: Although theintervention group had high attrition levels, this study provides evidence that this\Web-based program
can be usedtoinitiate clinically relevant weight loss and lower CV D risk up to 3-6 months based on the proportion of intervention
group participants losing =5% of their body weight versus control group. It aso highlights a need for augmenting Web-based

programs with further interventions, such as in-person support to enhance engagement and maintain these changes.

Trial Registration:
Webcite at http://www.webcitation.org/6Z9Ifj8nD).

(J Med Internet Res 2015;17(7):€177) doi:10.2196/jmir.3828

Clinical Trials.gov NCT01472276; http://clinicaltrials.gov/ct2/show/study/NCT01472276 (Archived by

KEYWORDS

Internet; randomized controlled trial; health behavior; weight loss; overweight; obesity

Introduction

The prevalence of obesity has been increasing progressively
throughout theworld [1]. Identifying effective and cost-effective
treatment and prevention strategiesisatop priority for all health
care systems. Over the past few decades, the Internet has
increasingly been used to deliver behavioral modification
programs owing to its easy accessibility and anonymity,
potential for wide reach and penetration, and its ability to
provide a source of continuous support to large segments of the
population [2-4].

There is growing evidence suggesting that the Internet may be
aviable medium for encouraging weight loss. However, several
systematic reviews and meta-analyses, conducted in this area
have found it difficult to draw definitive conclusions regarding
its effectiveness owing to heterogeneity in study designs,
methods employed, and the lack of “true control” groups used
[5-9]. Most of the evidence to date comes from randomized
controlled trials (RCTs) conducted in the United States. Many
only included short-term follow-up and lacked true control
groups (no support provided), making it challenging to
accurately evaluate the true effectiveness of Web-based
programs. Instead, minimal support groups are often employed
to help boost recruitment and decrease attrition; athough this
approach may attenuate the relationship between groups and
limits the ability of the findings to inform cost-effectiveness
and health care models. Research is also limited regarding the
effect of these Web-based programs on other health outcomes
that coexist with weight loss, such as cardiovascular disease
(CVD) risk factors. Therefore, the aim of this study was to
evaluate the effects of an interactive Web-based component of
a service called Imperative Health on weight loss (primary
outcome) and CVD risk factors (secondary outcomes) in an
overweight and obese population at high risk of CVD using a
randomized controlled design and a true control group. It was
hypothesized that weight losswould be greater in the Web-based
program intervention group compared to the usual care control

group.
Methods

Recruitment

Ethical approval was obtained from the Office for Research
Ethics Committees Northern Ireland. The trial was registered

http://www.jmir.org/2015/7/e177/

(Clinical Trials.gov identifier: NCT01472276) and is reported
in accordance with the Consolidated Standards of Reporting
Trials(CONSORT)-eHedl th checklist (see Multimedia A ppendix
1) [10]. Participants were recruited from April to December
2011 using posters in public places in the greater Belfast area
and intranet advertisements via staff updates in the Belfast
Health and Social Care Trust and Queen’s University Belfast
(QUB). Pdtients from the Regional Centre for Diabetes and
Endocrinology at the Royal VictoriaHospital Belfast were also
sent aletter informing them about the study. Participants were
eligibleif they were older than 18 years, had abody massindex

(BMI) between 27 and 40 kg/m?, were inactive or moderately
inactive assessed by the General Practice Physical Activity
Questionnaire (GPPAQ) [11] and had 1 or more CVD risk
factors: high blood pressure 2140/90 mmHg, total cholesterol
=>5.0 mmol/L, or type 2 diabetes mellitus. All participantswere
required to have access to the Internet, email, and a telephone
and were asked not to participate in another behavioral change
weight loss program throughout the study period. Participants
were excluded if they had established CVD, type 1 diabetes
mellitus, were pregnant, or consumed excessive amounts of
alcohol. Computer literacy was not assessed. All participants
at the screening appointment provided written informed consent.

Study Design

After completion of the baseline assessments, conducted
face-to-face at the Regiona Centre for Diabetes and
Endocrinology a the Roya Victoria Hospital Belfast,
participants were randomly alocated to 1 of 2 parallel groups
(1:1 alocation ratio) using a block randomization approach
(block size=10) with computer-generated numbers. A researcher
independent from the study prepared the randomization
schedule. Opaque sealed envelopes were used to conceal the
sequence until groupswere allocated. Participantswere recruited
and enrolled by the researcher, who was unaware of the
randomization schedule until after the baseline assessments
when the sealed envelope containing the allocation outcome
was opened by the participant. Group 1 (intervention group)
was provided with the Web-based program, known as Imperative
Health, excluding telephone and email support and group 2
(control group) were requested to continue with their usual self
and medical care. All participants werefollowed up at 3, 6, and
12 months after randomization for assessment of primary and
secondary outcomes. Based on a standard deviation of weight
loss a& 3 months of 3.0 kg observed in a number of
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Internet-based weight loss studies in the literature [12-15], it
was estimated that a sample size of 60 (30 per group) would
givethe study 90% power at the 5% significance level to detect
adifference of 2.6 kg between groups at the 3 month follow-up.
Allowing for a10% dropout rate at the first 3-month follow-up,
we aimed to recruit 66 participants. With only one researcher
on the ground, it was not possible to blind the researcher or
participants to group allocation, but laboratory analysis was
performed blind.

I ntervention (Imperative Health Web-Based Program)

Overview

Imperative Health is a service owned by AXA PPP Healthcare
Limited that consists of a\Web-based program and human (email
and telephone) support that assists in lifestyle change, with a
particular focus on improving diet and nutrition, increasing
physical activity, and managing weight and other CVD risk
factors. It combines objective monitoring of weight and physical
activity with automated, tailored feedback and support by
physiologists by telephone and email. Previous versions of this
Web-based program have been evaluated by Hurling et a
[16,17] and Ware et al [18]. This program has since been
modified to be more relevant to individuals with independent
risk factorsfor CV D, such as hypertension, dydlipidemia (high
cholesterol and triglycerides), and type 2 diabetes mellitus. For
this particular study, only the Web-based program component
of the service was evaluated to determine its specific impact
(ie, the human support [telephone and email] component of the
service was removed for the purposes of thistrial).

I nitial Setup of | mperative Health (Web-Based Program)

At the end of the baseline appointment, the intervention group
participants were provided with the Imperative Health package
that contained the self-monitoring devices (Bluetooth-enabled
weighing scales and an accelerometer activity band) and basic
written instructions to set up an online account at home. To
accessthe online program, participants were instructed to go to
the Imperative Health website [19] and enter a unique code to
create their own personal password-protected free account.
Participants were advised to follow the online instructions to
complete registration and to enable the setup of the monitoring

http://www.jmir.org/2015/7/e177/
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devices. The intervention group was informed at the baseline
appointment that if any problems regarding the technology
occurred throughout the study period after theinitial setup, they
were to contact Imperative Health rather than the researcher.
This study wanted to evaluate this Web-based program in a
real-life setting to determine realistic level s of engagement and
their relationship with weight loss; therefore, no instructions
were provided by theresearcher asto how often the participants
should log in to use the website components and the
self-monitoring devices. The Web-based program, however,
does encourage daily engagement by allowing the upload of
daily weight and physical activity dataand by the entry of daily
food diaries (described in detail subsequently).

Web-Based Behavior Change Program

Once the online account was set up, the participants were
required to complete a series of online introductory health
guestionnaires that enabled Imperative Health to collect
information on their height, weight, waist circumference, blood
pressure and blood biomarkers (total cholesterol, high-density
lipoprotein [HDL] cholesterol, fasting blood glucose, and
triglycerides), aswell asinformation on past and current health
status, dietary intake, physical activity level, and stated goals.
This self-reported information was not used by the researcher
to evaluate the effects of this Web-based program; instead, it
was used by the Imperative Health system to generate
personalized daily targets (weight loss, physical activity, and
dietary targets) for each participant to achieve over 12 weeks.
Automated weekly feedback on their performance, assessed by
the salf-monitoring devices (weighing scales and accelerometer)
and the food diary was provided, and also in the form of an
overal review after 12 weeks. After 12 weeks, to encourage
further progress, it was requested that the participants start a
new program by completing the same introductory health
guestionnaires again and setting new goals. The Web-based
program encompassed supportive componentsto help facilitate
lifestyle change (see Table 1). These components of the
Web-based program were devel oped based on well-recognized
behavior change strategies, such as planning, self-monitoring,
goal setting, and structured feedback, which were all used within
the Diabetes Prevention Program [20] to promote weight |oss.
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Table 1. Imperative Health Web-based program components to support behavior change.

Behavior change strategy and Web-based program
component

Description of component

Goal setting

Daily dietary targets, daily physical activity targets,
weekly weight loss targets, clinical targets

Planning
Exercise weekly schedule

Daily meal planners

Self- monitoring

Bluetooth weighing scales, Bluetooth accel erometer
activity band

Food diary (caorie uploads), clinical measurements
(blood pressure, glucose, blood lipids uploads)

Per sonalized feedback
Coaching session, automated weekly feedback
Push reminders

Email/SMS texts

Social support
Community forum
Decisional balance theory

Habit breaker component

Personalized daily dietary, physical activity (for screenshots see Figure 1), weight, and
clinical (blood pressure, glucose, lipids) targetswere created based on the health questionnaire
responses. Targets were reviewed every 12 weeks.

A weekly schedule for planning physical activity was provided. |cons (representing light,
moderate, or vigorous activities) could be dragged to specific days. Start timesand duration
of the activity could be selected (for screenshots see Figure 1).

Meal suggestions for breakfast, lunch, dinner, and snacks were provided to help meet per-
sonalized dietary targets set by the Web-based program.

Monitoring devices included Bluetooth-enabled weighing scales and an activity band. Data
from the weighing scales was transmitted to the activity band and subsequently sent to the
user’sonline profile page. The activity band provided daily feedback on minutes of moderate,
high, and very high activity (for screenshots see Figure 2).

Daily calorieintake, blood pressure, glucose, and blood lipid measurements could be entered
and uploaded onto colored charts (for screenshots see Figures 2 and 3) to demonstrate daily,
weekly, and monthly results and if targets were achieved.

Automated tailored feedback on progress was provided weekly.

Text messages or emails were sent daily and weekly to help remind participantsto log in
and to weigh themselves.

Online discussion forums were available for comments to be posted.

Solutionsfor barriers perceived as preventing healthier behaviors (eg, eating breakfast) being
adopted were provided.
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Figure 1. Imperative Health screenshots of meal and activity planners.
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Figure 2. Imperative Health screenshots of activity and calorie feedback charts.
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Figure 3. Imperative Health screenshot of clinical measurement feedback chart.
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Overview

Assessmentswere carried out face-to-face at the Regional Centre
for Endocrinology and Diabetes at the Royal Victoria Hospital
Belfast at baseline, 3 months, 6 months, and 12 months.

Primary Outcome

The primary outcome for this study was between-group change
in body weight (kg) at 3 months. Weight was measured, without
shoesand inlight clothing, to the nearest 0.1 kg using calibrated
Salter 994 digital weighing scales (Salter Housewares Ltd,
Tonbridge, UK).

Secondary Outcomes

Secondary outcomeswere between-group changeinweight loss
at 6 and 12 months, and between-group changein thefollowing
risk markers at each follow-up: BMI calculated as weight (kg)

divided by height squared (m?); height was measured to the
nearest 0.1 cm using aL eicester portable height measure (CMS
Weighing Equipment Ltd, London, UK); waist circumference
was measured to the nearest 0.5 cm using atape measure at the
middle point between the lower rib margin and iliac crest at
normal expiration.

Blood pressure (mm Hg) was measured using an automated
Omron M3 sphygmomanometer (Omron Healthcare, Hoofddorp,
The Netherlands).

Fasting serum lipid profile included measurements of total
cholesterol, HDL cholesterol, and triglycerides and were
measured using standard assays on an automated ILab 600
Chemistry system (Instrumentation Laboratory, Cheshire, UK).
Plasma high-sensitivity C-reactive protein (hssCRP) was
measured using an ultrasensitive assay (Quantex CRP
Ultrasensitive; Instrumentation Laboratory, Cheshire, UK) on
an automated machine (ILab 600 Chemistry System).

Dietary intake was assessed using adiet history interview [21],
which was a retrospective dietary assessment method used to

http://www.jmir.org/2015/7/e177/
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gather information regarding the habitual food intake of all
participants over the previous 3 months. The diet history method
has been shown to have good repeatability in previous studies
and is also able to pick up dietary changes over time [22].
Quantities of food and food portion sizes (household measures)
were converted into weights (grams) by using Crawley’s Food
Portion Sizes (Food Standards Agency) [23]. The food type,
preparation method if relevant, and weight of food were entered
into a computerized food analysis database (WISP, Weighed
I ntake Software Program; Tinuviel Software, Warrington, UK).
For the purpose of this study, total daily energy intake (kcal)
was calculated.

Physical activity was assessed using the validated Recent
Physical Activity Questionnaire (RPAQ) [24]. Participantswere
asked to provide descriptions of their habitual physical activity
performed in 4 domains. home, work, travel, and recreation
over the last 4 weeks. For the purpose of this study, time
(min/day) spent participating in moderate and vigorous activities
(> 3.5 Metabalic Equivalent Task, MET) was cal cul ated.

A self-reported questionnaire was distributed at the baseline
appointment to collect sociodemographic information including
past and current occupation. Socioeconomic statuswas classified
according to National Statistics Socio-economic Classification
(NE-SEC) [25] into 3 occupational classes: the highest included
higher managerial, administrative, and professional occupations;
the second class was intermediate occupations; and the third
classincluded routine and manual occupations.

Website Usage

Data on frequency of log-ins, the total number of completed
food diaries, and the number of weight and physical activity
uploads from the monitoring devices were provided by
Imperative Health and were used to determine level of
engagement.

Qualitative: Interviews

To gain in-depth feedback on the intervention group’s
experiences of using the Web-based program, these parti cipants
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were asked if they would be willing to take part in an interview
conducted by the researcher toward the end of the study. This
was an optional part of the study; therefore, a convenience
sampling technique was utilized. Theinterviewswere conducted
between July and August 2012, in the Centre for Public Health,
QUB, within an informal setting and lasted approximately 25
to 30 minutes. Semistructured open-ended questions were used
throughout to ensure that a consistent approach was utilized.
The researcher used a style of probing to extract more
information or clarify meaning.

All theinterviewswere audio-recorded and transcribed verbatim.
NVivo 8 was used to assist in the management and analysis of
the transcripts. To analyze the transcripts, atemplate approach,
outlined by Crabtree and Miller [26], was utilized. This process
involved the naming, defining, and describing of the codes based
on research questions. Three broad categories formed the code
template: views on their experiences of using Imperative Health
(Web-based program), views on Imperative Health's website
components that support behavior change, and suggested
improvements that Imperative Health should implement. The
template of codeswasthen applied to al transcripts. Given that
the datawere qualitative, frequencies were used in the broadest
sense (eg, majority, some, and few). Quotations were used to
demonstrate typical views within each code category.

Statistical Analysis

All analyses were performed using SPSS for Windows version
21.0 (SPSS Inc, Chicago, IL, USA). Results are expressed as
mean and standard deviation for normally distributed variables
and median and interquartile range for variables that did not
satisfy normality criteria. Categorical data are expressed as
frequencies and percentages. To compare baseline characteristics
between the control and intervention groups, for continuous
variables, the appropriate parametric (independent samples t
test) and nonparametric tests (Mann-Whitney U test) were
utilized. For categorical variables, the chi-square test was used.
Between-group differences in the primary outcome (weight

http://www.jmir.org/2015/7/e177/
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change at 3 months) and secondary outcomes from baseline to
3 months, 6 months, and 12 months were investigated using the
analysis of covariance (ANCOVA) adjusted for baseline
measurements [27]. Analyses were carried out by an
intention-to-treat (ITT) approach using a single imputation
method (baseline observation carried forward, BOCF) to deal
with missing dataand lossesto follow-up [28]. A complete-case
analysis on weight change was al so conducted using information
on al individuals with available data at each time point. A
sensitivity analysis was conducted using MANOVA, but this
reached similar findings (results not shown). Triglycerides,
CRP, and physical activity distributions were skewed; therefore,
they were log transformed. Adjusted differences in
log-transformed means between groups from ANCOVA were
converted to, and reported as, ratios of geometric means and
95% confidence intervals. Within-group changes (intervention
or control) in weight loss were analyzed using paired-sample t
tests. Because the Web-based program usage data was not
normally distributed, Spearman correl ationswere performed to
investigate the relationship between weight change and
Web-based program usage at each time point (intervention group
only).

Results

Participant Flow

A tota of 81 individuals were screened for eligibility; 16 were
ineligible and the other 65 participants (29 males, 36 females)
were randomized to the control (n=33) or intervention (n=32)
groups (see Figure 4). Retention rates significantly differed
between the control and intervention groups at 3 months (32/33,
97% vs 25/32, 78%, P=.03), at 6 months (31/33, 94% vs 21/32,
66%, P=.004), and at 12 months (29/33, 88% vs 17/32, 53%,
P=.002), respectively. Baseline characteristics, including
socioeconomic status, did not differ significantly between those
who dropped out of the study and those who completed the
study in either group at any time point.

JMed Internet Res 2015 | vol. 17 | iss. 7 €177 | p.73
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Watson et al

Figure 4. CONSORT diagram showing the flow of participants through the trial and analyzed for weight loss at 3 months, 6 months, and 12 months.
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Baseline Characteristics

Mean age was 52.1 (SD 7.4) years and mean BMI at baseline
was 327 (SD 2.9) kg/m’ According to World Health
Organization criteria [29], 20% (13/65) of the sample were
overweight, 58% (38/65) were obese category |, and 22%
(14/65) were obese category |1. Socioeconomic status (SES)
was determined by occupational class (NS-SEC): Class 1
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included higher managerial, administrative, and professional
occupations, which 51% (33/65) of the samplelay within; Class
2 included intermediate occupations of which 38% (25/65) of
the samplelay within; and Class 3 included routine and manual
occupations, and applied to 11% (7/65) of the sample. There
were no significant differences in any of the baseline
characteristics between the control and intervention group (see
Table 2).
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Table 2. Baseline characteristics of intervention and control participants according to control and intervention group.

Intervention Control
Characteristic? (n=32) (n=33) pb
Demographics
Gender, n (%) .39
Male 16 (50) 13(39)
Female 16 (50) 20 (61)
Age (years), mean (SD) 51.4 (7.59) 52.9 (7.27) 43
Physical measurements, mean (SD)
Weight (kg) 95.2 (16.7) 91.9 (13.4) .39
Height (cm) 169.4 (9.44) 168.1 (9.35) .57
BMI (kg/m?) 32.9(3.07) 32.4(2.74) 50
Waist circumference (cm) 103.5(11.2) 1025 (9.47) .69
Blood pressure (mm Hg), mean (SD)
Systolic 129.8 (17.8) 129.1 (18.3) 88
Diastolic 85.5 (9.54) 86.0 (11.4) 85
Blood biomarkers
Total cholesterol (mmol/L), mean (SD) 4.87 (1.44) 5.16 (1.02) .35
HDL (mmol/L), mean (SD) 1.33(0.39) 1.36(0.31) 77
Triglycerides (mmol/L), median (IQR) 1.49 (1.18-1.86) 1.48 (1.01-2.02) .75
CRP (mg/L), median (IQR) 1.73 (0.67-2.90) 2.11 (1.11-4.35) 22
Energy intake and physical activity
Energy (kcal), mean (SD) 1949.6 (545.1) 1893.6 (477.2) 66
Physical activity (min/day), median (IQR) 15.5 (6.4-45.3) 17.4 (7.5-46.9) 72

@BMI: body massindex; HDL: high-density lipoprotein cholesterol; CRP: C-reactive protein.

b Between-group differences analyzed using independent samplest test for normal dataand Mann-Whitney U test for skewed data. Differences between
categories analyzed using chi-square test.

. . . analysis reveal ed that the intervention group participants had a
Change |_n Body Weight (Primary Outcome) mean weight loss of —3.41 kg at 3 months; the control group
Asshownin Table 3, both approaches (ITT and completecase)  |ost —0.52 kg. Overall, this accounted for a significant mean

demonstrated significant mean weight loss difference between  weight difference between groups of —2.70 kg after adjusting
groups at 3 months; however, the magnitude of weight lost was  for baseline weight (P<.001).

dlightly higher using the complete-case analysis approach. ITT
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Table 3. Weight (kg) outcome differences between and within study groups from baseline to 3, 6, and 12 months (intention-to-treat [ITT] and

complete-case analysis).

Analysis and month Change from baseline, mean (95% CI)?

Difference between groupsb

Intervention Control Mean (95% CI) P

ITT®

3 -3.41(-4.70,-2.13)"" -0.52 (~1.55, 0.52) —2.70 (-4.27,-1.13) 001

6 -3.47(-4.95,-1.98)"" -0.81 (-2.23, 0.61) —2.49 (—4.50, -0.48) 02

12 —2.38(-3.48,-0.97)" ~1.80 (-3.15, -0.44)" -0.27 (-2.16, 1.61) 77
Complete case d

3 —4.37 (-5.80, -2.94)""" -0.53 (-1.60, 0.54) —3.66 (-5.28, —2.05) <.001

6 -5.28 (—7.12, -3.44)""" -0.86 (—2.38, 0.65) —4.16 (—6.46, —1.86) .001

12 —4.48 (-7.34,-2.37)" —2.16 (-4.58,-0.62)" —1.89 (-4.42, 0.64) 14

a\Within-group weight changes were analyzed using paired-sample t tests and only significant results are presented. "P<.05,""P<.01, """ P<.001.

b Difference between groups analyzed using ANCOVA and adjusted for baseline weight.

CITT analysis: control group (n=33) and intervention group (n=32) at 3, 6, and 12 months.

9 For the complete-case analysis: control group (n=32) at 3 months, (n=30) at 6 months, and (n=29) at 12 months. I ntervention group (n=25) at 3 months,

(n=21) at 6 months, and (n=17) at 12 months.

Changein Body Weight at 6 and 12 M onths (Secondary
Outcome)

The ITT andysis (see Table 3) demonstrated that the
intervention group lost significantly more weight compared to
the control group from baseline to 6 months (mean —3.47, 95%
Cl —4.95 to -1.98 kg vs mean —0.81, 95% CI —2.23 to 0.61 kg;
P=.02, respectively), but not from baseline to 12 months (mean
—2.38, 95% Cl —3.48t0 —0.97 kg vs mean —1.80, 95% Cl —-3.15
to —0.44 kg; P=.77). There were significant changes in weight
between baseline and each time point within the intervention
group (3 months: P<.001; 6 months: P<.001; 12 months:
P=.002). However, between 6 months and 12 months the
intervention group gained 1.08 kg, reducing the overall mean
weight loss at 12 months in this group. There was a significant
weight loss from baseline to 12 months within the control group
(mean —1.80, 95% Cl —3.15 to —0.44 kg, P=.01), but not for the
3 month (P=.32) and 6 month (P=.25) time points.

Per centage Weight L oss

Weight |oss as a percentage of baseline weight was calculated
using the ITT data. The mean percentage weight loss in the
intervention and the control group was from baseline to 3
months mean —3.62% (95% Cl —4.95 to —2.29) vs mean —0.34%
(95% CI —1.34 to 0.65), respectively (P<.001); from baseline
to 6 months mean —3.73% (95% Cl —5.30 to —2.16) vs mean

http://www.jmir.org/2015/7/e177/

—0.63% (95% Cl —2.06 to 0.80), respectively (P=.004); and
from baseline to 12 months mean —2.42% (95% Cl —3.93 to
—0.91) vs—1.94% (95% Cl —3.26 t0—0.39), respectively (P=.56).
Significantly more participants in the intervention group
compared to the control group lost 5% or more of their baseline
body weight at 3 months (11/32, 34% vs 1/33, 3%, P<.001) and
at 6 months (13/32, 41% vs 6/33, 18%, P=.047), but not at 12
months (7/32, 22% vs 7/33, 21%, P=.95).

Changein Other Secondary Outcomes

Table 4 showstheintervention group significantly reduced their
BMI and waist circumference measurements relative to the
control group from baseline to 3 months (P<.001 and P=.006,
respectively) and to 6 months (P=.003 and P=.02, respectively),
but not at 12 months. There were no between-group differences
in blood pressure observed during the study. For lipid
measurements, larger reductions were observed in total
cholesterol and triglyceride concentrations in the intervention
group compared to the control group, but only during the first
3 months (P=.003 and P=.003, respectively). Similar patterns
were identified for health behaviors. the intervention group
significantly decreased their energy intake and increased their
time spent exercising at an intensity greater than 3.5 METs
relative to the control group from baseline to 3 months (P=.005
and P=.03). These behaviorswere not sustained over thelonger
term at 6 and 12 months.
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Table4. Clinical outcome differences between study groups from baseline to 3, 6, and 12 months (intention to treat).
Clinical outcome and month® Change from baseline, mean (95% ClI) Between-group difference
Intervention (n=32) Control (n=33) Adjusted mean (95% CI)b P

BMI (kg/m?)

3 -1.16 (-1.60, -0.73) -0.14 (-0.47, 0.19) -0.99 (~1.53, -0.46) <.001

6 -1.20 (~1.70, -0.70) -0.18(-0.64, 0.27) -1.02 (~1.69, -0.35) .003

12 -0.78 (~1.26, -0.31) -0.65(-1.12, 0.19) -0.10 (-0.75, 0.55) .76
Waist circumference (cm)

3 —2.73(-3.98, —1.49) -0.67 (-1.44, 0.11) —2.04 (-3.47, -0.61) .006

6 —3.05 (-4.68, —1.41) -0.83(-1.95, 0.28) -2.18 (-4.11, -0.24) .02

12 —2.31(-3.84, -0.79) -1.80 (-3.02, -0.58) —0.42 (-2.29, 1.45) 66
Systolic blood pressure (mm Hg)

3 —2.69 (-6.48, 1.10) -1.64 (-6.02, 2.75) -0.81 (-5.61, 3.99) 74

6 —1.31 (-4.83, 2.20) 0.88 (-3.79, 5.55) —1.92 (-6.48, 2.65) 40

12 -1.22 (-4.33, 1.90) —2.12 (-2.25, 6.49) -3.13(~7.69, 1.43) .18
Diastolic blood pressure (mm Hg)

3 -3.03 (-5.14, -0.92) —2.36 (-5.02, 0.29) -0.83(-3.76, 2.10) 58

6 —2.63 (-5.05, —0.20) -1.73(-5.26, 1.81) -1.14 (-4.55, 2.27) 51

12 -1.78 (-3.52, —0.05) —1.55 (—4.57, 1.48) -0.38(-3.52, 2.76) 81
Total cholesterol (mmol/L)

3 -0.49 (-0.70, -0.28) -0.06 (-0.31, 0.19) -0.48 (-0.79, -0.18) .003

6 -0.30 (-0.53, -0.08) -0.24 (-0.46, -0.02) -0.07 (-0.38, 0.24) 64

12 -0.19 (-0.38, -0.01) -0.13(-0.36, 0.10) -0.09 (-0.38, 0.20) 56
HDL (mmol/L)

3 -0.02 (-0.08, 0.04) 0.00 (-0.07, 0.07) -0.03 (-0.11, 0.06) 51

6 -0.01 (-0.07, 0.06) -0.03 (-0.10, 0.04) 0.02 (-0.07, 0.12) 62

12 -0.02 (-0.07, 0.02) 0.02 (-0.06, 0.10) -0.04 (-0.13, 0.04) 32
Triglycerides (mmol/L) ©

3 0.89 (0.82, 0.96) 1.03 (0.96, 1.10) 0.87 (0.80, 0.95) .003

6 0.96 (0.89, 1.04) 0.98 (0.91, 1.04) 0.99 (0.90, 1.09) .79

12 0.97 (0.91, 1.02) 0.97 (0.90, 1.05) 1.00 (0.92, 1.09) 93
CRP (mglL) ¢

3 0.93 (0.84, 1.03) 1.01 (0.87, 1.18) 0.88 (0.74, 0.96) 13

6 0.89 (0.83, 0.95) 1.03 (0.86, 1.24) 0.83 (0.69, 1.01) .06

12 0.99 (0.80, 1.23) 0.99 (0.81, 1.21) 0.93(0.71, 1.21) .58
Energy intake (Kcal)

3 —487.6 (-640.7, —334.5) —241.4 (-375.8, —106.9) —216.3 (—364.0, —68.7) .005

6 —314.8 (-466.2, —163.5) —243.2 (-393.6, -92.8) -47.8 (—228.5, 133.0) .60

12 —221.6 (-363.5, -79.8) —204.2 (-384.5, 23.9) 7.20 (191.0, 205.4) 94
Physical activity (min/day) &9

3 2.85 (1.64, 4.94) 1.43(0.92, 2.21) 1.98 (1.09, 3.60) 03

6 1.43 (1.00, 2.06) 1.00 (0.61, 1.64) 1.43 (0.84, 2.44) .19

12 1.52 (0.95, 2.43) 1.18(0.74, 1.89) 1.28 (0.72, 2.27) .40
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aBMI: body massindex; HDL: high-density lipoprotein cholesterol; CRP: C-reactive protein.

b Difference between groups analyzed using ANCOVA and adjusted for baseline measurements.
€ Data presented as ratio of geometric mean and 95% confidence for log-transformed variables.
d Physical activity calculated as time in minutes spent exercising >3.5 METs daily.

Website Usage and Weight Change (I ntervention
Group Only)

Website utilization data are presented in Table 5. Participants

in the intervention group tended to log in, upload their weight

measurement, and make food diary entries more frequently
during the first 3 months of the intervention; website usage
declined thereafter.

Table5. Website utilization patterns (intervention group only) from baseline to 3, 6, and 12 months.

Baseline to 3 months (13 3 to 6 months (13 weeks), 6 to 12 months (26 weeks),
Website components weeks), median (IQR)? median (IQR)? median (IQR)?
Number of log-ins 69.0 (25.5-122.0) 12.0 (2.0-47.5) 27.0 (2.0-96.8)
Food diary entries 18.0 (0.0-77.0) 0.0 (0.0-38.5) 0.0 (0.0-156.5)
Weight uploads 15.0 (9.0-46.0) 11.0 (1.0-30.0) 4.0(0.0-29.8)

Physical activity uploads 13.0(10.0-13.0)

12.0 (3.0-13.0) 15.0 (0.0-24.5)

8 Data presented as median (IQR) due to data being skewed. Sample size at 3 months (n=25), at 6 months (n=21), and at 12 months (n=17).

Correlation analyses (see Table 6) demonstrated that weight
change from baseline to 3-month follow-up was significantly
positively related to the number of log-ins (P=.04) and the
number of weight uploads (P=.007) at 3 months. A positive
relationship was observed between weight change from baseline

to 6 months and the amount of physical activity uploads over
the sametime period (P=.048). The number of daily food diaries
entered was not related to weight change throughout the course
of the study.

Table 6. Spearman’s correlations (p) between weight change and website components usage from baseline (intervention group only).

Website component usage Weight change from baseline

3 months 6 months 12 months

P P P P P P
Number of log-ins 42 .04 .28 21 21 42
Food diary entries .01 .96 .00 .99 -20 .53
Physical activity uploads .33 14 A7 .048 A2 .67
Weight uploads .53 .007 .20 .39 10 .70

Interview Feedback (Intervention Group Only)

Overview

A total of 7 participants (4 males and 3 females) from the
i ntervention group were recruited using a convenience sampling
approach. Three broad categories formed the code template:
views on their experiences of using Imperative Hedth
(Web-based program), views on Imperative Health's website
components (see Table 1) that support behavior change, and
suggested improvements that Imperative Health should
implement. Presented subsequently are some of the quotations
used to demonstrate typical views within each code category.

Experiences Using | mperative Health (Web-Based
Program)

All interviewees stated that they were keen to use this
Web-based program to help them |ose weight and manage their
chronic condition. They found the initial setup of their
Imperative Health accounts relatively straightforward:

http://www.jmir.org/2015/7/e177/

It was very straightforward. | don’t think | had any
difficulty at all withit.

Some of the interviewees perceived using the Web-based
program astime consuming and quite burdensome; specifically,
the tasks that involved uploading and manualy entering
measurements aswell asworking through the weekly feedback:

| don’t know whether people who would be employed
full time would have enough timeto do that...If you're
running out to work in the morning and you have to
be out for 7 o’ clock, you' re not going to be standing
there weighing yourself, and again, when you come
back home again, typing in what you have done.

If you wanted a quick consult, it was taking you 10
minutes to get through...
Website Components That Support Behavior Change

The majority of interviewees found the personalized targets
(weight loss, physical activity, and dietary targets) provided by
the Web-based program realistic and motivating:
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It did give me the motivation to say, “ Right, I'm
supposed to go walking 60 minutes a day. I’ll try and
keep to that target of 60 minutesa day.” They weren't
tough; the calories | was being allowed were okay...

The magjority of interviewees were not impressed with the
Web-based program planning components (meal planner and
exercise schedule). Accessibility issues and aversions to the
recommended foods in the meal plans were commented upon:

If it had of been prepackaged food or something that
| would have actually liked but there was none of the
stuff that really appealed to me. So | never used the
meal planner...

But they were all foods that were for supermarkets,
say, in England and a | ot of the stuff that you wouldn’t
get here maybe.

All the interviewees felt that the Web-based program’s
self-monitoring components (weighing scal esand accel erometer
activity band—data from these devices were uploaded onto
colored charts to track progress) helped them to evaluate their
progress and at the sametime acted asfacilitators for motivating
them to keep continuing toward their targets.

With regard to the weight one, it encouraged you to
do better, because it showed if you were flattening
out or, at worst, going the wrong way off your target.

| found the activity useful because when | would sync
up at the end of the week | would have a look and say
“1 waslow on Tuesday and Wednesday thisweek. 'l
maybe do a boost on Friday. I'll go for an hour and
a half walk just to make sure my average for the week
isup” Sol found that a little bit, slightly motivating.

All interviewees provided negative feedback regarding the
dietary self-monitoring element of this Web-based program
(food diary). They felt the process was time consuming and
burdensome as a result of having to look up all the calories of
the foods they consumed and then enter them manually into the
food diary:

| found getting the nutritional values of things
awkward because you had to go into a separate wee
thing in the background and then you had to write it
down and then you go back to something else.

Most of theinterviewees claimed they did not use the component
for monitoring their clinical measurements, asthey were unable
to get these health risk factors measured regularly:

...The average person doesn’t have that information.
I might get that done twice a year.

The majority of the participants were not impressed with the
automated feedback and coaching sessions provided weekly.
They felt that it was too generic and repetitive; hence, not
encouraging or constructive:

The other thing that irritated me intensely is the
standard messages that you would get at every stage
of the bloody feedback! | suppose it's a computer
system, what can you expect, but | just got cheesed
off because it said the same thing all the time.

http://www.jmir.org/2015/7/e177/
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It was more generic in the sense. They were just
basically saying “ we haven't got enough information”
or “ you have not met your target”

Most participants stated that they did browse the community
forum but did not contribute anything. They generaly felt that
there was not enough activity:

| occasionally dipped in and out to see what it was
but therewas very littleaction or interest, and | don't
get involved in anything like that at all.

Suggested | mprovements

A common suggestion for improvement was more personalized
interaction and feedback specifically from ahuman rather than
an automated machine because this may provide them with
more focus and motivation. Thiswould be in-line with the full
Imperative Health service that has physiologists supporting
participants by telephone and email.

...some more personalized interaction in terms of
somebody perhaps phoning you on your mobile to
give you a kick-start or perhaps an email...

| tried at the start, and because there is not actually
apersoninvolvedin it you're not worried about what
the machinetellsyou then, you don't carewhat it says
to you. So you go off track a wee bit...

Discussion

Weight Loss (Primary and Secondary Outcome)

In comparisonto a“true’ control group, access to a Web-based
program resulted in significantly greater weight loss in the
intervention group after 3 and 6 months. However, longer-term
follow-up indicated that the difference in weight loss between
the intervention and control group was not sustained at 12
months. The reasonsfor thiswere twofold: weight regainin the
intervention group between the 6- and 12-month time point and
an increase in weight loss in the control group over the same
timeperiod. Intermsof clinically significant weight loss (weight
loss of =5% of baseline body weight), significantly more
participants in the intervention group compared to the control
group lost 5% or more of their baseline body weight at 3 months
(34% vs 3%, P<.001) and at 6 months (41% vs 18%, P=.047),
but not at 12 months (22% vs 21%, P=.95).

Engagement, Nonusage Attrition, and Attrition

This study was designed to evaluate this Web-based program
in area-life setting to observe real levels of engagement and
their relationship with weight loss; hence, no instructions were
given to participants regarding how often they should log in to
use the website and the self-monitoring devices. The Imperative
Health program does encourage daily engagement by allowing
the upload of daily weight and physical activity data, captured
by the accelerometer activity band and by the entry of daily
food diaries. Some studies have suggested that an unstructured
self-care approach may limit the potential benefit of Internet
programs [30,31]; however, prescriptive dosage studies are
likely to represent efficacy rather than effectiveness and do not
help to understand the likely true public health impact of these
novel modes of delivery. Studies that have provided dosage
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instructions have found positive effects. For example,
participants that comply with the dosage instructions tend to
lose significantly more weight than noncompliers [14,32-34].
The majority of these prescriptive dose studies, however, were
conducted over the short term (6 months or less). Sustaining
engagement levelsin the long term is undoubtedly more of a
challenge. Weight change (3 months) in this study had apositive
moderate correlation with the number of log-ins and weight
uploads, but engagement levels tended to diminish with time,
particularly after 6 months. Web-based programs in general
tend to have problems with long-term sustainability and
nonusage attrition tends to be a common characteristic that
increases steadily over time [2,31]. Participants are likely to
disengage over time, perhaps due to motivational issues and,
particularly, if they are failing to lose weight or have reached
a plateau [35]. Furthermore, depending on the Web-based
program itself and what it has to offer in terms of interactivity
and level of intensity, participants may simply get bored and
lose interest in the Web-based program.

Attrition rates are generally high in Web-based weight loss
studies and have been reported to range between 0% and 70%,
with a mean attrition rate of 22.5% [7]. Furthermore, attrition
rates have been reported to be higher within the Web-based
intervention group [30,32,36-38] relative to the control group,
aswasthe casein this study.

Interactivity is essential for high engagement and low attrition;
furthermore, it is well-accepted that Web-based programs with
enhanced interactive features promote greater weight reduction
than those that provide information only [5]. The Web-based
program described in this study encompassed an interactive
design by encouraging self-monitoring and providing automated
feedback, yet high levels of attrition and long-term
disengagement levels were evident. Incorporation of more
individualized personal support rather than automated feedback
may have helped engagement levels, particularly at the 6-month
juncture. The majority of participants who took part in an
interview suggested that the addition of more personalized
interaction, by a phone call or email, rather than an automated
machine providing standard feedback would be more motivating
and help preserve their interest to keep using the program.
Similar studies evaluating the effect of Web-based programs
on weight loss have reported higher effect sizesand usage when
face-to-face contact is incorporated into the intervention [4].
This would be in-line with the complete Imperative Health
service; however, it was important to assess the Web-based
program on its own to understand its specific contribution.

Incorporation of Web-based programs into traditional care
pathways for weight loss has generally taken the approach of
comparing standard health care to standard health care plus a
Web-based program over a defined period of time. An
alternative model of care that may beworth further investigation
isto use Web-based programs for initiation of weight loss and
then add in further interventions rather than using Web-based
programs alongside other interventions from the outset. Addition
of more interpersonal interventions at the later stage would
perhaps encourage sustained behavior change, prevent attrition
from the 6-month time point onward, and support the weight
loss maintenance stage. Such amodel has particular relevance
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for health care systems. For example, waiting lists to be seen
by dieticians in the UK National Health Service can be many
weeks; referral to use a Web-based program during this time
would be a useful way of initiating weight loss and may be
particularly appealing for patients who do not feel comfortable
attending weight loss groups.

Secondary Outcomes

In terms of cardiovascular risk, between-group analyses
demonstrated that the intervention group significantly improved
their BMI and waist circumference at 3 months and 6 months
and their total cholesterol and triglycerides from baseline to 3
months in comparison with the control group; however, these
significant between-group changes were not sustained at 12
months. The Web-based program did provide aself-monitoring
tool for tracking blood pressure, lipids, and lipoprotein levels,
but intervention group participants did not avail of this part of
the program. When thiswas discussed at theinterview sessions,
the magjority of participants stated that the main reason they did
not access this part of the program was because they were not
able to have these risk factors measured regularly. This is a
general disadvantage of Web-based programsthat do encourage
the monitoring of other health risk factors, but do not provide
the meansto conduct the measurements at the participant’sown
convenience.

It was evident that the intervention group adopted healthier
behaviors specifically in the short term. The significant increase
in time spent exercising moderately and above (>3.5 METS)
and the decrease in energy intake observed in the intervention
group in comparison to the control group was likely to be
attributabl e to the sl f-monitoring components of the Web-based
program. Usages of these self-monitoring features were also
correlated with short-term weight change (baseline to 3 and 6
months). Physical activity levelswere not sustained in the longer
term and the number of weekly physical activity uploads notably
decreased between 6 and 12 months. These findings are
consistent with those already reported in the literature [ 39,40].
A systematic review examining the effects of self-monitoring
diet, physical activity, and weight on weight loss [39] found a
consistent and positive significant association between the
frequency of the self-monitoring behaviors and weight loss
compared to less frequent self-monitoring. It was al so reported
in this review that a gradual decline over time in adherence to
self-monitoring weight management behaviorsiscommon [39].

Strengthsand Limitations

The strengths of this study included its robust study design, the
objectively measured primary outcome, and the mixed-method
research approaches (qualitative and quantitative) used
throughout the evaluation process. Furthermore, this study
included a true control group. The majority of studies in this
areatend to use aminimal support group to boost recruitment
and decrease attrition; however, this may attenuate the
relationship between groups. This study was conducted within
areal-life setting and participants were not provided with strict
instructions as to how often they should use the program,
therefore, making the results more generalizabl e to overweight
populations accessing these Web-based programs at home for
their own self-care.
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This study did have some limitations, for example, all
participants had contact with the researcher during clinical
assessments and knew this was a weight loss study, which in
itself may have triggered a behavior change response and the
“Hawthorne effect” [41] appearsto be evident within the control
group. The researcher, however, did not give any advice during
the assessment period to either group.

Issues of attrition or loss to follow-up and nonusage attrition
steadily increased over time, but this phenomenon iscommonly
reported in the literature in relation to weight loss management
[35] and isnot unique to Web-based programs. From ascientific
perspective, attrition and nonusage attrition can impact on the
likelihood of detecting a difference between groups when
evaluating the treatments over longer periods of time; from a
clinical perspective, it highlights the challenge of maintaining
interest, motivation, and weight lossin the medium to long term.
The increased attrition over the 12-month intervention period
diminished the power of the study to detect a difference in
change in weight loss and other endpoints between the
intervention and control group in thelonger term. However, the
differencein weight change between the 2 groups at 12 months
was very small and did not provide support for the Web-based
program having aclinically significant advantage for long-term
weight loss relative to atrue control (usual care).

Owing to the routes of recruitment and the fact that people
volunteered themselvesfor this study, the majority of the sample
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wasfrom ahigher social economic background. Thiscould have
potentially affected levels of engagement and attrition. Thisis
not uniqueto this study, but does suggest the sasmpleisnot likely
to be entirely representative of the general overweight and obese
population. Thiswill need to be bornein mind when considering
the potential wider- or larger-scale impact of the Web-based
behavior change intervention.

Conclusions

This study provides evidence that this Web-based program can
be used toinitiate clinically relevant weight loss of 5% or more
and promote improvementsin total cholesterol and triglyceride
concentrations in the short term (3-6 months) in comparison
with usual care. However, these changes were not sustained in
the longer term (up to 12 months) and this appeared to
correspond with a general decline in usage of the Web-based
program over time. The fact that the study was powered on
weight loss at the 3-month juncture and the high attrition rates
at the 12-month time point in the intervention group, could have
also prevented significant differences between the groups being
identified, specifically at the later time point. Nevertheless,
results of this study highlight a need to augment Web-based
programs with further interventions after 6 months of usage,
such as phone, email, or face-to-face support, to enhance
engagement, prevent relapses, and encourage maintenance of
weight loss in the longer term. The effectiveness and
cost-effectiveness of such a model of weight management is
worth further exploration
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