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Abstract

Background: Recent studies have shown the potential of Web-based interventions for changing dietary and physical activity
(PA) behavior. However, the pathways of these changes are not clear. In addition, nonusage poses athreat to these interventions.
Little is known of characteristics of participants that predict usage.

Objective: Inthisstudy we investigated the users and effect of the Healthy Weight Assistant (HWA), a Web-based intervention
aimed at healthy dietary and PA behavior. We investigated the value of a proposed framework (including social and economic
factors, condition-related factors, patient-related factors, reasons for use, and satisfaction) to predict which participants are users
and which participants are nonusers. Additionally, we investigated the effectiveness of the HWA on the primary outcomes,
self-reported dietary and physical activity behavior.

Methods: Our design was atwo-armed randomized controlled trial that compared the HWA with awaiting list control condition.
A total of 150 participants were allocated to the waiting list group, and 147 participants were allocated to the intervention group.
Online questionnaires were filled out before the intervention period started and after the intervention period of 12 weeks. After
theintervention period, respondents in the waiting list group could use the intervention. Objective usage data was obtained from
the application itself.

Results: Intheintervention group, 64% (81/147) of respondents used the HWA at least once and were categorized as “users.”
Of these, 49% (40/81) used the application only once. Increased age and not having a chronic condition increased the odds of
having used the HWA (age: beta= 0.04, P = .02; chronic condition: beta= 2.24, P = .003). Within the intervention group, users

scored better on dietary behavior and on knowledge about healthy behavior than nonusers (self-reported diet: x>, = 8.4, P = .02;
knowledge: F; 1,5 = 4.194, P = .04). Furthermore, users underestimated their behavior more often than nonusers, and nonusers

overestimated their behavior more often than users (insight into dietary behavior: x22 =8.2, P =.02). Intention-to-treat analyses
showed no meaningful significant effects of the intervention. Exploratory analyses of differences between pretest and posttest
scores of users, nonusers, and the control group showed that on dietary behavior only the nonusers significantly improved (effect
sizer = -.23, P =.03), while on physical activity behavior only the users significantly improved (effect sizer =-.17, P = .03).

Conclusions: Respondents did not use the application as intended. From the proposed framework, a social and economic factor
(age) and a condition-related factor (chronic condition) predicted usage. Moreover, users were healthier and more knowledgeable
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about healthy behavior than nonusers. We found no apparent effects of the intervention, although exploratory analyses showed
that choosing to use or not to use the intervention led to different outcomes. Combined with the differences between groups at
baseline, this seemsto imply that these groups are truly different and should be treated as separate entities.

Trial registration:
WebCite at http://www.webcitation.org/5xnGmvQ9Y)

(J Med Internet Res 2011;13(2):€32) doi: 10.2196/jmir.1624
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Introduction

Theincreasing prevalence of overweight isaproblemin modern
society. It is closely related to a number of chronic conditions
such as type 2 diabetes mellitus and places a great burden on
the health care system. L osing weight and especially preventing
weight regain is challenging. It might be more cost-efficient to
prevent people from becoming overweight by focusing on
healthy dietary and physical activity (PA) behavior [1-3]. To
achieve this goal, interventions aimed at the general public are
needed that must not only inform people about the risks of
unhealthy dietary and physical activity habits but must also
stimulate people to adopt healthier behaviorsrelated to diet and
physical activity [2,4]. Previous research has shown that tailored
and interactive interventions can achieve thisgoal [2,4-7]. The
Internet provides an opportunity for theseinterventionsto reach
abroad population. Besides, by using a Web-based application,
the content of the intervention can be tailored to the users, and
the intensity can be varied according to the needs and wishes
of these users [8-9]. Research has already shown the potential
of these applications for the achievement of weight loss and
weight management [6,10-14]. However, most studies are
focused on applications aimed at treatment or secondary
prevention. Many questions remain about the users and the
effectiveness of Web-based applications for the prevention of
health problems by stimulating healthy behaviors.

The problem of attrition [15] poses a threat to most eHealth
interventions but might pose an even bigger threat to Web-based
interventions for prevention, considering that people who do
not experience an urgent health problem might belessinternally
motivated to change their behavior [16]. Until recently, the
characteristics of the users and nonusers of Web-based
applications have gained only very limited attention [17-19]. It
is important to know who the users of these interventions are.
This knowledge helps us identify important factors in the
dissemination of these interventions and the characteristics of
intended users who are not reached [20]. Moreover, recent
studiesindicate that people react differently to motivational and
persuasive strategies, which might make the need for examining
user characteristics even more essential [21]. A recent review
by Christensen and colleagues [22] emphasized the need for a
theoretical framework to increase our understanding of attrition.
They proposed using the framework adopted by the World
Hedlth Organization (WHO) [16] (ie, five dimensions of
adherence: health system factors, socia and economical factors,
therapy-related factors, condition-related factors, and
patient-related factors) and mention the possible potential of
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behavior theories. Furthermore, research into the reasons for
use of Web-based eHealth applications can give us valuable
information on what the users hope to accomplish and how the
application can assist them. In addition, usability and satisfaction
with an application can play an important role in the extent to
which such applications are ultimately used [15,23].

We incorporated the WHO framework and behavior theories
in a study of use of the Healthy Weight Assistant (HWA), a
Web-based lifestyle intervention. We considered the influence
of social and economic factors (demographics), condition-related
factors (ie, general practitioner [GP] visits, having a chronic
condition, and self-reported and self-rated dietary and PA
behavior), patient-related factors or constructs identified by
behavior change theories (ie, knowledge, attitude, and
self-efficacy) [24-25], and reasons for use and satisfaction with
the intervention.

Additionally in this study, we assessed the effectiveness of the
intervention using self-reported dietary and PA behavior as
primary outcome measures because the intervention was aimed
at improving health behavior. We included secondary outcome
measures that are known determinants of behavior change. We
also chose to include measures of knowledge, attitude, and
self-efficacy [24-25]. Self-rated behavior and insight into
behavior wereincluded as secondary outcome measures because
one of the goals of the intervention wasto improve insight into
one's own behavior.

Consequently, our research questionswere: What characteristics
of participants are related to the use of the HWA intervention?
What effects does the HWA intervention have on the primary
and secondary outcome measures?

Methods

Recruitment and Design

Participants were recruited through advertisements about an
onlinelifestyleinterventioninlocal newspapers, supermarkets,
and on health-related websites. Permission of an ethics review
board for the study was not required because, according to the
Dutch law, nonintrusive interventions conducted with healthy
adults do not require approval from an ethics board. In total,
297 respondents expressed interest in using an online lifestyle
intervention and satisfied our inclusion criteria (body massindex
[BMI] 185 - 28.0 kg/m? Dutch-speaking). The inclusion
criterion for BMI was chosen to reflect the target group of the
intervention under investigation. The sample used in this study
was a self-sel ected convenience sample. Enrollment took place
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beginning November 1, 2008, and ending December 31, 2008.
All participantswere randomly assigned to either the Web-based
lifestyle coach or awaiting list. A total of 150 participantswere
allocated to the waiting list group, and 147 participants were
allocated to the intervention group. Participantsfilled out online
guestionnaires before the 12-week intervention period started

Figure 1. Flowchart of the study
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and again after the intervention period ended. The posttest
guestionnaire was available for all respondents for a period of
3 weeks beginning February 27 and ending April 16. After the
intervention period, respondents in the waiting list group could
use the intervention. The flowchart of the study can be found
in Figure 1.
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Randomization

Randomization took place 1 week before the start of the
intervention period. We used block randomization with blocks
of 4 participants, stratified on age, sex, and education. The
randomization scheme was created by a computer application
and carried out by amember of the research team. Participants
who filled out demographic information were randomized. Only
respondents who completed the pretest questionnaire were
included; therefore, 28 respondents were excluded. Participants
were not blinded to randomization outcome but received an

http://www.jmir.org/2011/2/e32/

RenderX

email with information on when and how they were able to
access the Healthy Weight Assistant (HWA) after filling out
the pretest questionnaire.

Intervention

The Healthy Weight Assistant (HWA) is a Web-based lifestyle
intervention developed by the Netherlands Nutrition Centre,
which is a government-funded organization focusing on
increasing the knowledge of consumers about the quality of
food and encouraging consumers to est healthily and safely.
Thegoal of the HWA isto support peoplewith ahealthy weight

JMed Internet Res 2011 | vol. 13 |iss. 2| €32 | p. 3
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

and people who are dlightly overweight (ie, BMI 18.5-28.0

kg/m?) to maintain and achieve a healthy weight. The aim is
not to achieve a given weight loss, but to support the
achievement of healthy dietary and PA behavior. Therefore, the
focus was broader than only energy balance-related behavior.
The target group was selected by the Netherlands Nutrition
Centre according to their BMI classification. The theoretical
basis for behavior change via the HWA is the transtheoretical

Figure 2. The Healthy Weight Assistant
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model [26], which entails that the participants are addressed
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when starting the application. The researchers were not the
leading party in the design of the HWA but have done earlier
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The HWA consists of 4 steps, which are marked in the
application by a“to-do list” and tabsin the “diary” (Figure 2).
When users enter the program for the first time, they start by
assessing their baseline status. In this step, users answer
questions about their body weight, dietary behavior, physical
activity behavior, and emotions concerning these behaviors.
This results in tailored advice that can be applied in the next
steps of the application. The second step is motivation. Users
are asked about their motivation to change behavior, and the
application assists them in making these motivations clear to
themselves, thereby also focusing on clarifying their emotions
related to behavior. The third step is called difficult moments.
Users are encouraged to reflect on their difficult moments (ie,
moments at which it is tempting to engage in unheathy
behavior) and to provide solutionsfor these moments. The HWA
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coaches the user throughout this step by giving automated
tailored feedback based on input of the users. Thefinal stepis
goal setting and monitoring achievement of goals. Users are
coached to set useful and realistic goals and can opt to receive
aweekly email reminder onthese goals. Additionally, userscan
givefeedback on the achievement of their own goalsand access
an overview of previous goals. The news section of the HWA
isregularly updated, and when users exit the application, random
hints are displayed. Other content is static. The HWA is
designed to be used at regular intervals. Theintended useisone
or multiple visits within a short period of time to complete the
first 3 steps. For the last step, the intended use is once a week
to once afortnight over alonger period of time. For the research
period, the HWA was only available to the participants. After
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this period, the application was made openly accessible through
awebsite.

Waiting List

We made use of a waiting list control group. Participants
randomized in this group received an email newsletter every 3
weeks, but no accessto the HWA during the intervention period.
The newsletter contained general information about the study
and about the University of Twente. Furthermore, it contained
leisuretips, but it contained no information on healthy lifestyle.
After the intervention period, participants in the waiting list
group received access to the HWA. Participants in the
intervention group al so received the newd etter every 3 weeks.

Research Instruments

Online questionnaires were used to assess pretest and posttest
values. Education was self-reported and recoded into the
following three categories: low (primary and lower vocational
education), moderate (secondary and middle vocational
education), and high (higher vocational and university

education). BMI (kg/m?) was calculated using self-reported
weight and length. Dietary behavior was measured using a
14-item self-report questionnaire of the Netherlands Nutrition
Centre, based on the Netherlands classification model [28]. This
questionnaire has not been validated but was used because of
the applicability to the standards used by the Netherlands
Nutrition Centre [29]. These standards are based on areport of
the Health Council of the Netherlands, which is the basis of
nutritional education inthe Netherlands[30]. Thisquestionnaire
classifies respondents as unhealthy (not complying to the
standards on all aspects), improvable (complying with the
standards on some aspects), and healthy (complying with the
standards on all aspects). This classification entails that
respondents in the healthy category have limited room for
improvement because they aready comply with al of the
standards. We have included a trandation of this questionnaire
in Multimedia Appendix 1. Physical activity behavior was
measured according to the Dutch Standard for Healthy Physical
Activity, using avalidated 4-item self-report questionnaire [ 31].
This questionnaire classifies respondents into two categories,
unhealthy (not complying with the standards) and healthy
(complying with the standards). Again, this classification entails
that respondents in the healthy category have limited room for
improvement because they already comply with the standards.
We have included a trandation of this questionnaire in
Multimedia Appendix 2. Self-efficacy for diet and PA were
both measured using a 3-item questionnaire with a5-point Likert
scale ranging from 1 (very high) to 5 (very low) [32].
K nowledge was assessed using a 10-item true/fal se questionnaire
based on the Netherlands classification model [28] for diet and
a 10-item trueffalse questionnaire for physical activity based
on the Dutch Standard for Healthy Physical Activity [33]. The
total scores of these questionnaires range from 1 (very poor) to
10 (excellent). Attitude was measured using a 5-item
questionnaire on health consciousness attitude and a 6-item
questionnaire on health-oriented beliefs; all questions used a
5-point Likert-scale ranging from 1 (very unfavorable) to 5
(very favorable). These questionnaires were based on the
research of Dutta-Bergman [34] and adapted to the Dutch
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situation. Self-rated behavior (henceforth self-rating) was
assessed by 2 items, 1 on self-rated diet and 1 on self-rated PA,
both using a scale from 1 (very poor) to 10 (excellent). Insight
into behavior was calculated by comparing self-reported and
self-rated diet and PA based on the classification used by Ronda
et al [35]. Self-rating was recoded into categories to match the
categories of self-reported behavior. Therefore, self-rated diet
was recoded into three categories (1-4: unhealthy; 5-7:
improvable; 8-10: healthy) and self-rated PA was recoded into
two categories (1-5: unhealthy; 6-10: healthy). Respondents
who did not meet the criteriafor recommended healthy behavior
but rated their own behavior as hedthy were classified as
overestimators. Respondents who did meet the criteria for
healthy behavior but rated their behavior as unhealthy were
classified as underestimators. The remaining respondents were
considered to have had redistic insight into their behavior.
Pretest and posttest questionnaireswereidentical except for the
following additional itemsat posttest: the number of newsl etters
received and opened (waiting list group) and satisfaction with
the HWA (intervention group). Satisfaction was measured using
4 items with a 5-point Likert scale ranging from 1 (very
negative) to 5 (very positive) on user friendliness, usefulness,
recommending to others, and willingness to continue using the
HWA [36].

In addition to the online questionnaires, the HWA stored every
log-on by a participant. These log files were used to attain the
usage of the HWA, that is, the number of times each respondent
logged on to the HWA within the intervention period.

Electronic Surveys

SurveyM onkey was used for the el ectronic data collection [37].
The first page of the survey consisted of an informed consent.
By agreeing to participate, participants were led to the actual
guestionnaire. Data was protected following the security
measures of SurveyMonkey [38]. Moreover, no personal
identifying information apart from an email address was
collected. Our survey was pretested using 5 nonparticipants
comparable to the participants of the study. Feedback from the
pretest was implemented in the final survey.

Our format of data collection wasan “open survey” [39] posted
on a website. The survey was only accessible through our
research website for respondents who satisfied our inclusion
criteria. Theinitial contact mode wasthrough online and offline
advertisements for research into an online lifestyle coach. It
was mandatory for participants to fill out the questionnaire to
beincluded inthe study. We offered no incentivesto participate
other than the use of the lifestyle coach. The pretest
guestionnaire was available for 8 weeks; the posttest
guestionnaire was available for 3 weeks. We used randomization
of items for Likert-type questions with no specific order. The
number of itemswas 42, divided over 5 screens. All questions
were mandatory except comment boxes. Respondentswere able
to review and, if necessary, change previous answers until they
had submitted the completed questionnaire.

Wewere not ableto record unique site visitors or survey visitors.
The completion rate was 90% (269/297). To prevent multiple
entries from the same person we used cookies that were stored
when visiting the first page and were valid for 14 days. Also,
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we checked |P addresses. Entries from the same address with
identical sex and birth date were checked for completeness. The
most complete entry was saved, or, in case of equal
completeness, the first entry was saved.

Participants

Previous research on the HWA using the same research
instrument on self-reported dietary behavior yielded information
on the mean and standard deviation of this primary outcome
measure (mean 62.9, SD 8.43) [27]. To be able to measure a
meaningful difference (3.5 points) we needed a detectable effect
size of 0.4. When testing at the .05 level, and, using a power of
80%, we calculated that we needed a sample size of 200 (100

per group).
Analyses

Statistical analyses were performed using SPSS Statistics 17.0
(IBM Corporation, Somers, NY, USA). We used the multiple
imputation (MI) feature of SPSS Statistics 17.0 to handle
missing dataof posttest nonrespondents. Demographic variables
and baseline outcome measures were used as predictorsin the
imputation model. We used an iterative Markov chain Monte
Carlo method, which is the fully conditional specification. In
addition, five imputed datasets were generated on which the
effectiveness analyses were performed. When possible, pooled
outcomes were used for the anayses, otherwise, the five
estimates were combined into asingle overall estimatefollowing
the MI inference rules of Rubin [40].

Differences between users and nonuserswithin theintervention
group were assessed using Pearson's chi-sguare and analysis of

Kelders et al

variance testing. Furthermore, regression analysis was used to
see whether characteristics predicted use of the intervention.

Effectiveness of the intervention was assessed by
intention-to-treat (ITT) using effect sizes and odds ratios.
Additionally, exploratory analyses were performed on pretest
and posttest scores of all participants combined and separately
for the control group, the users, and the nonusers of the
intervention using regression analyses and effect sizes. All
reported P values are 2-tailed. We used no statistical measures
to correct for multiple testing. Effect sizes for differences in
means are presented as Cohen's d and effect sizes for
nonparametric variables are presented asr, calculated from the
z scores of the Wilcoxon signed rank test [41].

Results

Response Rates

Of the 269 enrolled respondents (those who completed the
pretest questionnaire), 159 respondents filled out the posttest
guestionnaire (response rate = 59%, 159/269). The response
was significantly lower in theintervention group (51%, 65/127)
than in the control group (66%, 94/142) (P = .01). There were
baseline differences between responders (ie, respondents who
filled out the posttest questionnaire) and research dropouts on
outcome variables. As shown in Table 1, dropouts scored
significantly lower on attitude and self-rating. In addition, within
the intervention group, only 48% (30/62) of dropouts used the

HWA as opposed to 78% (51/65) of responders ()(2l =12.424,
P <.001).

Table 1. Baseline differences on outcome variables between responders and dropouts

Variable Responders Dropouts P
(n=159) (n=110)

BMI (kg/m?), mean (SD) 24.0 (2.5) 23.9(2.5) 83
Diet, n (%) 18

Healthy 48 (30) 26 (24)

Improvable 99 (62) 69 (63)

Unhealthy 12(8) 15 (14)
Hesalthy PA, n (%) 64 (42) 41(37) 46
Knowledge, mean (SD)? 7.9(1.1) 7.7(12) 19
Attitude, mean (SD)? 4.1(0.4) 39(05) .001
Self-efficacy, mean (SD)° 2.1(0.6) 2.2(0.6) 55
Self-rating, mean (SD)¢ 6.8 (1.1) 6.4 (1.5) 02
Redlistic insight, diet, n (%) 92 (60) 69 (63) 35
Redlistic insight, PA, n (%) 88 (58) 70 (64) 60

@Scale from 1 (very poor) to 10 (excellent)

b Scale from 1 (very unfavorable) to 5 (very favorable)
€ Scale from 1 (very high) to 5 (very low)

d scale from 1 (very poor) to 10 (excellent)
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Descriptive Analyses of Basdline Variables

Asshownin Table 2, most of the respondentsin this study were
female (177/269, 66%) and in the highest education category
(143/269, 53%). Mean age was 41.5 years (SD 13.5). There
were no significant differences between the intervention and
control group on demographic variables and reasons for use.

Table 2. Baseline demographics and reasons for use

Kelders et al

On outcome variables, there was one significant difference at
baseline, that is, respondents in the intervention group scored
significantly higher on self-efficacy than respondents in the
control group. Mean scores were respectively 2.2 (SD 0.6)
versus 2.1 (SD 0.6) (Fyp7 = 4.109, P = .044). The most
frequently mentioned reason by respondents for wanting to use
the application wasto gain moreinsight into their own lifestyle.

Variable Total Intervention  Control P
(N = 269) (n=127) (n=142)
Age (years), mean (SD) 41.5(13.5) 41.2 (13.5) 41.7 (13.6) 73
Sex, nfemale (%) 177 (66) 85 (67) 92 (65) .80
Education 71
High, n (%) 143 (53) 69 (54) 74 (52)
Moderate, n (%) 87 (32) 42 (33) 45 (32)
Low, n (%) 39 (15) 16 (13) 23(16)
Chronic condition, n (%) 48 (18) 19 (15) 29 (20) .27
Reasons for use?
Insight into lifestyle, n (%) 161 (60) 80 (63) 81 (57) 38
Living healthier, n (%) 120 (45) 61 (48) 59 (42) .33
Fun, n (%) 112 (42) 55 (43) 57 (40) 62
Lose weight, n (%) 107 (40) 56 (44) 51 (36) 21

@ Multiple answers possible so cumul ative percentages do not equal 100%

Usersand Nonusers

Respondents in the waiting list (control) condition reported to
have opened a mean of 3.4 (SD 1.2) out of 5 newsletters. From
the log files of the HWA, we know that 81 of the 127 (64%)
respondents in the intervention group used the HWA at least
once, while 49% (40/81) of these used the application only once.
The respondent that used the HWA most frequently used it 13
times during the intervention period of 12 weeks. The median
number of times HWA was used was 1.0. Of the 127
respondents in the intervention group, 4 (3%) used the

Table 3. Satisfaction with the Healthy Weight Assistant (n = 50)

application at least the intended number of times within the
intervention period (ie, once a fortnight or 6 times during the
12-week period). Satisfaction with the application was assessed
within the posttest questionnaire. We used only the data
provided by 50 respondents who filled out the posttest
guestionnaire and who had accessed the HWA at least oncein
the intervention period. These results are depicted in Table 3.
The overall mean satisfaction score for these 50 respondents
was 3.0 (SD 0.74) on the 5-point scaleswhere 1 = very negative
and 5 = very positive. A score of 3.0 lies within the neutral
category.

Item Mean (SD) Disagree, n (%) Neutral, n (%) Agree, n (%)
Easy to use 3.3(0.83) 8 (16) 22 (44) 20 (40)
Useful 2.9(0.87) 13 (26) 25 (50) 12 (24)
Recommend to others 3.0(0.90) 12 (24) 22 (44) 16 (32)
Keep using 2.7 (0.89) 20 (40) 22 (44) 8(16)

Baseline differences between respondents in the intervention
group who used the application (users) and the respondentsin

http://www.jmir.org/2011/2/e32/

this group who did not use the HWA at least once (nonusers)
are depicted in Table 4.
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Table 4. Baseline differences between users and nonusers in the intervention group

Variable Users (n=81) Nonusers (n=46) For )(2 P
Age (years), mean (SD) 426(132) 38.8(13.8) F1105= 2.307 13
Sex, n female (%) 58 (72) 27 (59) x“1=22 17
Education x%2=07 .70

High, n (%) 46 (57) 23 (50)

Moderate, n (%) 26 (32) 16 (35)

Low, n (%) 9 (11) 7 (15)
Chronic condition, n (%) 8(10) 11 (24) x*1=45 04
BMI (kg/m?), mean (SD) 242 (25) 237 (2.3) F1.125= 0.900 35
Diet, N (%) x?=84 015

Healthy, n (%) 28 (35) 6(13)

Improvable, n (%) 46 (57) 31 (67)

Unhealthy, n (%) 7(9) 9(20)
Hedlthy physical activity level, n (%) 28 (37) 19 (41) X21 =02 .70
Knowledge, mean (SD) 79(1.1) 7.4 (1.4) F1 105 =4.194 .04
Attitude, mean (SD) 4.0 (04) 3.9 (05) F1'125 =2.665 A1
Self-efficacy, mean (SD) 2.3(0.6) 2.2(0.6) F1125 = 0.274 60
Self-rating, mean (SD) 6.6 (L4) 6.5(15) F1.105= 0.037 85
Insight, diet x%2=82 02

Underestimation, n (%) 17 (21) 2(4)

Realistic insight, n (%) 52 (64) 31 (67)
Insight, physical activity X°2=21 .36

Underestimation, n (%) 1(1) 1(2

Redlistic insight, n (%) 47 (58) 32 (70)

Overall, at baseline, users were healthier (scored better on
dietary behavior and had a chronic condition less often) and
were more knowledgeabl e about healthy behavior. Furthermore,
users seemed to underestimate their behavior more often than
nonusers, and nonusers seemed to overestimate their behavior
more often than users.

To assess whether variables of the framework proposed in the
introduction could be used to predict if respondents were going
to use the HWA, we performed an exploratory logistic
regression using the factors from the framework (social and

http://www.jmir.org/2011/2/e32/
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economic, condition-related, patient-related or constructs from
behavior change theories, and reasons for use). Results of this
logistic regression (Table 5) showed that one variable within
the social and economic factor (ie, age) and one variable within
the condition-related factor (ie, chronic health condition)
significantly contributed to the model. The model showed that
increased age and not having a chronic condition increased the

odds of having used the application (Cox & Snell R? = .24,
Nagelkerke R? = .32, Model x% 5 = 34.15, P = .01).
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Tableb. Logistic regression model to predict usage of the HWA

Kelders et al

Included Coefficient B P Odds Ratio (OR)
(Standard Error [SE]) (95% Confidence Interval [CI])

Constant -12.63 (4.013) .002

Factor Variable

Social and economic  Age 0.04 (0.018) .02 1.04 (1.00 - 1.08)
Internet use 0.18 (0.131) A7 1.20 (0.93 - 1.55)
Sex 0.50 (0.504) 32 1.65 (0.62 - 4.44)
Education 0.13 (0.353) 71 1.14 (0.57 - 2.28)

Condition-related Self-rating -0.35 (0.379) .36 0.71 (0.34 - 1.49)
GPvisits 1.19 (0.647) .07 3.30(0.93-11.72)
Chronic condition 2.24 (0.749) .003 9.40 (2.17 - 40.82)
Diet 0.71 (0.688) 31 2.03(0.53 - 7.80)
PA 0.80 (0.948) 40 2.22(0.35 - 14.26)
Insight, diet 0.56 (0.667) 40 1.76 (0.48 - 6.48)
Insight, PA -1.00 (0.818) 22 0.37 (0.07 - 1.83)

Patient-related Knowledge 0.03(0.213) 91 1.03 (0.68 - 1.56)
Attitude 0.57 (0.681) 41 1.76 (0.46 - 6.69)
Self-efficacy 0.26 (0.458) 57 1.30(0.53 - 3.18)

Reasons for use Insight into lifestyle 0.47 (0.531) 37 1.60 (0.57 - 4.55)
Live healthier -0.03 (0.281) .93 0.98 (0.56 - 1.69)
Fun 0.13 (0.165) 44 1.14(0.82- 1.57)
Lose weight 0.16 (0.122) 18 1.18 (0.93 - 1.50)

Furthermore, we performed a linear regression to investigate
whether satisfaction with the intervention HWA predicted the

number of logins (Table 6). The model showed that satisfaction
did not predict frequency of use (R? = .05, adjusted R? = .04).

Table 6. Linear regression on satisfaction predicting number of log-ins to the Healthy Weight Assistant

B (SE) Beta
Constant -2.61(1.17)
Satisfaction 0.70(0.38) 0.232
8 =07
Effectiveness Complementary to the ITT analyses, we performed analyses

In addition, ITT analyses were performed on al outcome
variables (Table 6). Wefound asignificant but very small effect
on attitude (d = 0.08) favoring the intervention group. None of
the other variables showed a significant effect of the
intervention.

http://www.jmir.org/2011/2/e32/
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comparing the differences of the control group with the
differences of the users (results not shown). These analysesdid
not yield any significant effects and were comparable to the
results of the ITT analyses, although the effect sizes were
generaly larger.
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Table7. Intention-to-treat (ITT) analyses

Kelders et al

Variable Intervention (n=127) Control (n=142) Effect Size® (ES) or OR (95% Cl)
Pretest Posttest Pretest Posttest

BMI, mean (SD) 240(24) 241(25)  239(25  240(25  ES 0.07(-0.10-0.24)
Diet OR: 0.84 (0.44 — 1.58)

Healthy, n (%) 34(27) 45 (35) 40 (28) 46 (32)

Improvable, n (%) 77 (61) 73 (58) 91 (64) 89 (63)

Unhealthy, n (%) 16 (13) 9(7) 11(8) 7(5)
Healthy PA, n (%) 49 (38.6) 58 (46) 58 (41) 69 (49) OR: 1.10 (0.60 — 2.01)
Knowledge, mean (SD) 7.7(1.2) 7.7(1.3) 79(1.1) 7.7(1.3) ES: 0.15 (-0.13t0 0.42)
Attitude, mean (SD) 400(045) 4.03(0.45) 4.01(0.44) 4.02(045) ES: 0.08(0.00-0.16)
Self-efficacy, mean (SD) 22(061) 23(070) 21(059)  22(064)  ES:0.04(-0.01t00.17)
Self-rating, mean (SD) 6.5(1.4) 6.9 (1.2) 6.8(1.2) 6.9(1.2) ES: 0.18 (-0.04 to 0.40)
Realistic insight, diet, n (%) 83 (65) 71 (56) 83 (59) 87 (61) OR: 0.74 (0.35—1.56)
Realistic insight, PA, n (%) 79 (62) 83 (65) 84 (59) 88 (62) OR: 0.78 (0.35—1.74)

Effect size for ratio variables presented as Cohen's d, that is, the number of standard deviations the intervention group (1) improved more than the
control group (C) (mean improvement | —mean improvement C)/pooled SD of improvement. Effect size for ordinal variablesis presented as the odds

ratio.

For the group aswhol e (independent of randomized condition),
there were significant differences between pretest and posttest
scores. With respect to diet (effect size r = -0.12), physical
activity (effect size r = —0.09), and self-rating (effect sized =
0.21) the study seemed to have had a positive influence,
although the effect was small (data not shown). These
differences could not be attributed to the intervention according
to the ITT analyses. As mentioned in the previous paragraph,
our results showed differences between users and nonusers at
baseline. Therefore, we performed exploratory analyseson these
groups to investigate whether choosing to use or not to use the
application led to different outcomes. Tables 8 and 9 show that
we found significant differences in some groups but not in
others. Contrary to what we expected, only the nonusers showed
a significant improvement on diet (r = —0.23). Examining the

http://www.jmir.org/2011/2/e32/

datamore closely revealed that the control group and, to alarger
extent, the users also showed improvement, athough this
difference was not significant. The data showed that only the
userssignificantly improved with respect to PA behavior (effect
size r = -0.17). The control group showed a nonsignificant
improvement, while PA behavior of the nonusers deteriorated,
but the change was nonsignificant. With respect to attitude, the
nonusers showed a significant improvement with a medium
effect size (d = 0.28), although the absolute difference was
small. With respect to self-efficacy, the control group and the
nonusers showed deterioration (effect sizes respectively d =
0.14 and d = 0.33), again with small absolute differences. Lastly,
the data showed that users’ self-rated behavior was more
favorable at posttest than at pretest. The size of this effect was
small to medium (d = 0.27).
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Table 8. Pretest and posttest values on outcome variables for control group, nonusers, and users

Variable Control (n=142) Nonusers (n=46) Users (n=81)
Pretest Posttest Pretest Posttest Pretest Posttest

BMI, mean (SD) 239(25) 240(25) 237(23) 239(25) 242(25)  242(25)
Diet

Healthy, n (%) 40 (28) 46 (32) 6 (13) 11 (24) 28 (35) 34 (42)

Improvable, n (%) 91 (64) 89 (63) 31(68) 30 (65) 46 (57) 43 (53)

Unhealthy, n (%) 11(8) 7(5) 9(20) 5 (11) 7(9) 4(5)
Healthy pysical activity level, n (%) 58 (41) 69 (49) 19 (41) 16 (35) 30(37) 42 (52)
K nowledge, mean (SD) 7.9(1.1) 7.7(13) 7.4(1.4) 7.3(1.4) 7.9(1.1) 7.9(1.2)
Attitude, mean (SD) 40(044) 40(045)  39(046) 4.0(045  40(044)  4.0(0.44)
Self-efficacy, mean (SD) 21(059) 22(064) 22(062  24(077)  23(061)  23(0.65)
Self-rating, mean (SD) 6.8 (1.2) 6.9 (1.2) 6.5 (1.5) 6.9 (1.4) 6.6 (1.4) 6.9 (1.1)
Realistic insight, diet, n (%) 83 (59) 87 (61) 31(67.4) 25 (54.3) 52 (64.2) 46 (56.8)
Redlistic insight, PA, n (%) 84 (59) 88 (62) 32 (69.6) 27 (58.7) 47 (58.0) 56 (69.1)

Table 9. Effect size (ES) of the differences between pretest and posttest values on outcome variables for control group, nonusers, and users

Variable Control (n=142) Nonusers (n = 46) Users (n = 81)
ES? z(P)Y 95% CI ES® ES? z(P)Y 95% CI ES® ES? z(P)¥95% CI ES®

BMI 0.02° Cl: -0.39t0 0.4 0.062 Cl:-0.64—0.77 0.032 Cl:-0.51t0 0.57
Diet -0.09° z=-1.45(.15) -0.23° 2=-2.22(.03) -0.13° z=-1.62(.11)
PA -0.10° z=-1.65(.10) -0.07° Z=-0.71(.48) -0.17° z=-2.12(.03)
Knowledge -0.15 Cl: -0.3510 0.04 -0.082 Cl: -0.4910 0.34 0.042 Cl: -0.2010 0.29
Attitude 0.01° Cl: -0.06 t0 0.08 0.282 Cl:0.15-0.41 -0.052 Cl: -0.15t0 0.05
Self-efficacy 0.14° Cl:0.03-0.24 0.332 Cl:0.13-053 0.052 Cl: -0.09t00.19
Self-rating  0.15° Cl: -0.0510 0.35 0.252 Cl: -0.1810 0.68 0.272 Cl:0.00- 054
Insight, diet —0.03° z=-0.51(.61) -0.13° z=-1.27(21) -0.07° 2=-0.90(.37)
Insight, PA  -0.01¢ 2=-0.49 (.62) -0.13" z=-1.21(.23) -0.11° z=-1.42(.16)

8 Effect sizes for ratio variables are presented as Cohen's d, while effect sizes for ordinal variables are presented asr.

b Effect size (ES) presented as Cohen's d: (meanpogt - MeaNgre)/ SDpooled

C Effect size presented asr: z/V(n)
d Wilcoxon signed-rank test

€1n this column the reliability of the effect size is presented as the confidence interval for Cohen’s d for ratio variables and as z statistic with P value

for ordinal variables

Discussion

The results showed that the HWA was not used as often as
intended. Increased age and not having a chronic condition
increased the odds of having used the application at least once.
Moreover, users were healthier and more knowledgeabl e about
healthy behavior than nonusers. The ITT analyses showed no
apparent effects of the intervention; however, there were
differences in the effect of the intervention on users and
nonusers. With respect to dietary behavior and attitude, nonusers
improved morethan users, whilewith respect to physical activity

http://www.jmir.org/2011/2/e32/

RenderX

and self-rated behavior the usersimproved more than nonusers.
On sdlf-efficacy, the control group and the nonusers showed
deterioration from baseline to posttest.

Only 64% (81 out of 127) of the participants who received
access to the HWA actually used the application. This finding
is not unique to this study; for example, see [6,15,20,42]. This
stresses an important aspect of Web-based interventions, that
is, of the respondents who agree to participate in a study on a
Web-based intervention, we can expect that a substantial
percentage does not use the intervention at all. In addition, we
saw that the HWA is not used as often asintended in the design

JMed Internet Res 2011 | vol. 13 |iss. 2| €32 | p. 11
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

of the application. Of the included social and economic factors
of the proposed framework, only increased age increased the
odds of having used the application. This finding might seem
counterintuitive, but it concurs with recent findings on the
motivation to use e-consultation [43], which showed that ol der
people were more motivated to use e-consultation than younger
people. With respect to the condition-related factors, the
regression analysis showed that having a chronic condition
decreased the odds of using the application. An explanation
might be that the HWA was not developed for people with
chronic conditions and no special attention is paid to the needs
of peoplewith chronic conditions. Therefore, these people might
feel that the HWA does not suit their needs. Significant
differences between users and nonusers on condition-related
factors showed that userswere healthier. A reason for thismight
be that people like to be rewarded for their healthy behavior
and not confronted with their unhealthy behavior.

Additionally, users more often underestimated their dietary
behavior (respondents who did meet the criteria for healthy
behavior but who rated their behaviour as unheathy were
classified as underestimators), while nonusers more often
overestimated their behavior. This shows that the people who
could have benefited most from the HWA were less likely to
use the application. Of the patient-related factors or constructs
from behavior change theories, only knowledge showed a
significant difference between users and nonusers. Users knew
more about healthy behavior, which supports the notion that
the people who could have benefited most from the HWA were
least likely to use the application.

Therewere no differencesrelated to the reasonsfor use between
users and nonusers, and the different reasons do not explain
whether respondents used the HWA or not. However, the
reasons for use might play arole in the frequency of use. The
most frequently mentioned reason for wanting to use the
intervention wasto gain insight into one's own behavior (60%).
It might bethat thisgoal wasreached after using the HWA once,
and participants might not have felt the need to use the HWA
again.

Interestingly, theintervention was specifically not madeto help
people lose weight, but this goal was mentioned by 40% of
respondents. Respondents seemed to want aquick and short-term
effect (to gain insight) and might not have been willing to use
the intervention frequently to work on along-term goa (eg, a
healthier lifestyle). Satisfaction with the HWA was not
associated with the frequency of use. However, overal,
participantswere not very satisfied with the HWA,, which might
have contributed to the relative low usage rates. To summarize,
one of the socia and economic factors (ie, age), condition
related factors (ie, chronic condition, self-reported behavior,
andinsight into behavior), and one of the patient-related factors
(ie, knowledge) were related to use of the system. Satisfaction
and reasons for use provided morein-depth information related
to the causes of the lack of adherence to the intervention.

At baseline, the intervention and control groups showed a
significant difference in attitude. The absolute value of the
difference was small, however, and we don’t consider it to be
ameaningful difference. Therefore, we can argue that the groups

http://www.jmir.org/2011/2/e32/
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were comparable at baseline. We found no meaningful
significant effects of the intervention using ITT analyses. We
did find that both the waiting list group and the intervention
group showed significant improvement on behavior and a
significantly more favorable self-rated behavior. This
well-known Hawthorne effect [44] (ie, the effect on outcome
through participation in research) might be explained by the
increased attention participants paid to healthy behavior dueto
completing questionnaires on behavior and by increased
awareness of current and desired behavior. Another explanation
for the improvement in al respondents might be socia
desirability. Thinking of the intended behavior might have
influenced the responses given in the posttest questionnaire.
Considering the control group, the users, and the nonusers
separately showed that only nonusers significantly improved
on dietary behavior. This might be due to the large differences
between users and nonusers at baseline. Users were already
much healthier, and both groupsimproved, although at posttest,
the nonusers were still less healthy than the users. It seemsthat
aceiling effect prevented the users from improving significantly
while the nonusers had much room for improvement and, for
that reason, showed significant improvement. On PA, wefound
that only the users of the intervention improved significantly,
although the effect size was not very large (r = —0.17). The
nonusers, who chose not to use the intervention, showed a
decline in behavior while the control group showed
improvement. Although these differences were not significant,
this does point toward a difference between choosing not to use
an intervention and not being able to use an intervention.
However, these differences might al so reflect social desirability
because of the focus on PA in the intervention. Lastly, users
judged their own behavior significantly more positively after
the intervention period than before. None of the other groups
showed this significant improvement. Summarizing, we found
no apparent effectsof the HWA, but it seemsthat having chosen
to use or not to use the intervention led to different outcomes.
Combined with the differences between groups at baseline, this
seemsto imply that these groups are truly different and should
be treated as separate entities.

In this study, we were faced with substantial dropout and
nonusage rates. High dropout rates are not uncommon in this
field of research and have been said to be a major challenge
[45,46]. Additionally, the reduction of nonusage ratesis also a
major challenge [15,47]. Faced with these challenges, it is
important to note that in this study the groups of dropouts and
nonusers overlapped, but were not the same. Almost half of the
dropouts had been users, and there were also nonusersthat were
responders. Consequently, it is very important keep these two
concepts apart.

Our results showed that the users of the HWA were healthier
than nonusers, which is an unfortunate finding not unique to
this study [18]. The group for which the intervention seemed
to have been most useful, namely people who had room for
improvement on both diet and physical activity, werelesslikely
to have used the HWA.. Thistellsusthat we need to try different
waysto entice potential userswho could benefit from the HWA
to become active users. More effort should be made to tempt
the nonusers of the intervention to become users. One way to
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do thismight be to make it as easy as possibleto start using the
application. The moment people are interested, they should be
ableto use the application. In our study, there was considerable
time between expressing interest and being able to use the
application. Moreover, participants had to check their email,
click onalink, and create aprofile. All these steps require effort
and could thereby decrease the odds of using the intervention.
Once participants become users, the application itself can
stimulate adherence. Thismight be done by regularly providing
new content, by including reminders (through email or text
messaging), or by explicitly telling participantswhat is expected
of them in terms of usage. In our view, including these aspects
would have improved the HWA.

In this study, the frameworks used to predict usage and to study
effectiveness seem to have been insufficient. From the WHO
framework [16], some factors, especialy condition-related,
seem to have explanatory power but not enough to fully explain
why participants choose whether to use an intervention. This
might be due to the fact that the goal of the model is adherence
to treatment and not adherence to technology. Moreover,
attitude, self-efficacy, and knowledge do not contribute to a
better understanding of the effects of the intervention. These
variables from classic behavior change theories might not
discriminate enough. To gain more insight into how online
interventions can support peoplein changing their behavior, we
should try to take into account the specific barriers and
opportunities of eHealth interventions and integrate them into
a comprehensive conceptual framework.

Limitations

A limitation of this study is the use of self-reported behaviors.
Although we used questionnaires used in previous studies, there
isachance of biased results dueto social desirability or lack of
insight into behavior. As a conseguence, a possible change in
insight into behavior might not be reflected in our results. It
could be that at baseline, participants provided optimistic
self-reported behavior. Dueto theintervention, the users might
have provided more realistic self-reported behavior at posttest.
Unfortunately, this potentially positive effect of the HWA could
not be tested in this study. A second limitation is related to the
participants in this study. Most respondents were female and
highly educated. Various studies have reported
overrepresentation of thisgroup [6,18,48,49]. Nevertheless, the
guestion remains whether these results can be generalized to
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the broader target population of the HWA. Ancther limitation
of this study isthat we measured the usage of the system asthe
number of log-ons per participant. What participants did while
logged on and for how long they were logged on, we do not
know. As more and more eHealth research takes the usage of
the applications into account, it might be beneficial to
standardize the assessment of usage. Furthermore, alimitation
of thisstudy isrelated to the response rate. Our overall response
rate was quite low (59%), and we found significant differences
between responders and nonresponders. We accounted for this
bias by using multiple imputation procedures. However,
imputing 41% of the data might have yielded unreliable
estimates, although research has shown that imputing up to 58%
can be morereliable than listwise deletion [40,50]. In our view,
this study has provided valuable insights into the users of a
Web-based intervention. However, had we been ableto conduct
this study again, we would have changed the way we dealt with
several issues. First of al, we would have included a larger
number of respondents to certify a sample size large enough to
account for the high dropout and nonusage rates. Second, we
would have tested and adapted the application during
development so that we could have chosen the outcome
measures and study period to better reflect the goals and
expected effects of the application. Unfortunately, thiswas not
possible in the current study, and this stresses the importance
of aclose collaboration between researchers and devel opers of
eHealth interventions.

Future Work

Usage is a mgjor issue in research into the effects of eHealth
applications. Moreresearch isneeded into transforming potential
usersinto actual users and into keeping them engaged with the
application and, thereby, stimulating them to keep using the
intervention. Moreover, long-term research on the use of eHedlth
applications is needed to provide insight into the way usage
fluctuates over time. From this study, we have gained insight
into differences between users and nonusers, which can be seen
as afirst step to decreasing attrition. The next step might be
found when looking at the opportunitiestechnology hasto offer.
For example, severa recent studies have shown beneficial
effects of adding mobile technology [51-53] and devices that
provide automated tailored feedback [54]. Additionally, the
field of persuasive technology might provide us with insight
into how technology as a medium can persuade and motivate
users to change behavior [55,56].
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