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Abstract

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

Objective: In this study, we developed and tested the effectiveness of a Web-based guided self-help course for employees with
depressive symptoms. We report on the posttreatment effectiveness of the intervention.

Methods: This study is a two-arm randomized controlled trial comparing a Web-based guided self-help course to care as usual
(CAU). We recruited employees from 6 different companies via the companies’ intranet and posters. The main inclusion criterion
was elevated depressive symptoms as measured by a score of ≥16 on the Center for Epidemiological Studies Depression scale
(CES-D). The intervention (Happy@Work) was based on problem-solving treatment and cognitive therapy and consisted of 6
weekly lessons. Participants were asked to submit their weekly assignment via the website after completion. They subsequently
received feedback from a coach via the website. Self-report questionnaires on depressive symptoms (CES-D; primary outcome),
anxiety measured by the Hospital Anxiety and Depression Scale (HADS), burnout measured by the Maslach Burnout Inventory
(MBI), and work performance measured by the Health and Work Performance Questionnaire (HPQ; secondary outcomes) were
completed at baseline and at posttreatment.

Results: A total of 231 employees were randomized to either the intervention group (n=116) or CAU (n=115).The posttreatment
assessment was completed by 171 (74.0%) participants. Both the intervention and the CAU group showed significant improvements
in the primary outcome of depressive symptoms, but no differences between the conditions was found (d=0.16, 95% CI –0.10 to
0.41, P=.29). Significant but small effects in favor of the intervention group were found for anxiety symptoms (d=0.16, 95% CI
–0.09 to 0.42, P=.04) and exhaustion (d=0.17, 95% CI –0.09 to 0.43, P=.02).

Conclusions: This study showed that a Web-based guided self-help course for employees with depressive symptoms was not
more effective in reducing depressive symptoms among employees than CAU. Large improvements in depressive symptoms in
the CAU group were unforeseen and potential explanations are discussed.
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Introduction

Depressive disorders are highly prevalent in the general [1-3]
and working [4,5] population and lead to excessive costs [6,7].
Approximately 70%-85% of the costs are due to work
absenteeism, work impairment, and loss of work productivity,
which implies that companies pay the largest part of the total
costs of depression [8-12]. In a recent Dutch cohort study, the
total annual costs of work absenteeism due to depressive
disorders were estimated at €242 million per 1 million
employees, which equals €1.8 billion for the entire Dutch
working population [8].

Research on the treatment of depression has been extensive
[13-16] and many studies have shown positive effects of
different psychotherapies (eg, [15,17,18]). Traditionally, most
types of psychotherapies are delivered face-to-face in mental
health care settings. However, there is increasing evidence for
the effectiveness of guided self-help treatments that are delivered
via the Internet [19-21]. Web-based treatments generally use
the same techniques as face-to-face treatments, but patients can
work through the treatment on their own in an often highly
structured way. Web-based treatments may reduce costs and
can increase efficiency in mental health care because of several
advantages, such as high accessibility, no waiting list, and
minimal contact with a professional therapist [22]. High
accessibility may be of special benefit to employees because
they will not lose work hours due to therapist visits outside the
workplace and participation in Web-based treatments is more
anonymous compared to face-to-face treatment.

The evidence for effective worker-directed interventions for
employees with depressive symptoms is scarce [23]. Some
research has been conducted on the treatment of employees who
are absent from work (sick-listed employees) due to common
mental health disorders, and the results of these studies are
conflicting [23,24-27]. Previous research also shows that only
a small percentage of employees with severe mental health
problems seek professional treatment [28]. However,
work-related aspects play an important role in the development
and perpetuation of depression [23,29]. Work-related aspects,
such as high job insecurity, can have a negative effect on
symptom severity, and symptom severity can have a negative
effect on work elements, such as job performance. Therefore,
it is important to develop evidence-based worker-directed
interventions for employees with depression that involve
work-related aspects and the employability of the employee
[23].

Recently, the Organisation for Economic Co-operation and
Development (OECD) [4] published a report in which they
concluded that employees with mental health problems are
frequently treated when symptoms have become severe and that
the work setting of the employee is not often discussed in
treatment. They recommended to increase evidence-based

workplace treatments for employees with mental health
problems and to intervene in an earlier stage, preferably before
sick leave. Other research further subscribes the importance of
intervening before sick leave because it will prevent worsening
of mental health problems and, as a result, it will reduce the
costs of work absenteeism and loss of work productivity [29,30].
Unfortunately, there is almost no research available on the
treatment of employees with mental health problems who are
not on sick leave [31]. The study by Lexis and colleagues [31]
showed positive results of a face-to-face problem-solving
treatment for employees with a high risk for sick leave due to
depressive symptoms. The promising results of this study
indicate the importance of investment in intervening before sick
leave. Providing such a preventive intervention via the Internet
can have many advantages as previously mentioned.

The current randomized controlled trial evaluated the
effectiveness of a Web-based guided self-help course for
employees with depressive symptoms who were not on sick
leave compared to care as usual (CAU). The intervention is
aimed at reducing the employee’s depressive symptoms, and
we postulate that this may reduce work absenteeism and loss
of work productivity as well, which will result in cost savings
for the employer. The first aim of this study was to examine
whether the Web-based intervention had a more positive effect
on depressive symptoms compared to the CAU group. The
second aim was to investigate if the intervention had positive
effects on symptoms of anxiety, burnout, and work performance.

Methods

Recruitment of Participants
Participants were recruited via 6 different (international)
companies in the Netherlands: 2 banking companies (company
1 and 2), 2 research institutes (company 3 and 4), 1 security
company (company 5), and 1 university (company 6).
Participants were recruited via banners and digital pamphlets
on the companies’ intranet or via posters (only in company 5).
Recruitment took place between September 2011 and December
2012. Participants who were interested in taking part in the
study could ask for more information about the study via email.
When information was requested, one of the researchers sent
an information leaflet and an informed consent form via email.
The informed consent could be returned via post or email. After
participants gave informed consent, they received a link to an
online screening questionnaire via email. The study protocol,
information leaflet, and informed consent form were approved
by the Medical Ethics Committee of the VU University Medical
Center (registration number 2011/2).

Participants were eligible to take part if they were 18 years of
age or older, had elevated depressive symptoms as measured
by a score of 16 or higher on the Center for Epidemiologic
Studies Depression scale (CES-D), were not on partial or full
sick leave, had access to the Internet and an email address, and
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were employed by 1 of the 6 participating companies. Exclusion
criteria were unstable (<1 month) medication use for depressive
symptoms and having a legal labor dispute with the employer.

Procedure

Design
This study was a randomized controlled trial with 2 arms: a
Web-based guided self-help course called Happy@Work and
a CAU group. The full design of the study has been described
in detail elsewhere [32].

Sample Size
The sample size was guided by the expected difference in the
primary outcome (ie, depressive symptoms) between the 2
groups. Based on a power of 0.80, an alpha of.05, and an
expected dropout percentage of 30%, we would need 100
participants in each condition to be able to show an effect-size
Cohen’s d of 0.50. Therefore, the total sample size was
determined at 200.

Randomization
Randomization took place at an individual level after completion
of the baseline measurement (questionnaire and clinical
interview). We used stratification at 2 levels: (1) use of
antidepressants and (2) receiving treatment from a psychologist
or psychiatrist at study entrance. Block randomization was used
with random blocks containing 4, 6, or 8 allocations. An
independent researcher made the allocation schedule with a
computerized random number generator and the investigators
had no knowledge of the schedule. Participants were randomized
into 2 groups: the intervention group or the CAU group.
Participants were informed about the randomization outcome
via email.

Interventions

Happy@Work
The intervention Happy@Work [33] is a brief Web-based
intervention delivered with minimal guidance. It consists of 2
evidence-based treatments: problem-solving treatment (PST)
[34], cognitive therapy [35], and a guideline for employees to
help them to prevent work-related stress [36,37]. In PST, it is
assumed that depressive symptoms can be caused by practical
problems that people face in their daily lives. It is believed that
when people can resolve their problems, their symptoms of
depression will decrease [38]. The PST will help them solve
their problems. Sometimes, however, problem solving can be
disrupted by automatic thoughts such as “I am too weak to solve
this problem” or “I will fail solving this problem.” PST may

not be sufficient to change these automatic thoughts that disrupt
problem solving. Therefore, we incorporated cognitive therapy
information and assignments to change these automatic thoughts
in the course [35]. Some of the problems that people face are
likely to be work-related. These problems are sometimes more
difficult for people to comprehend [36,37]. Therefore, one lesson
is focused on work-related problems specifically. Happy@Work
primarily focuses on the depressive symptoms of the employee,
but also incorporates psychoeducation and assignments related
to dealing with stress and burnout symptoms because there is
a clear relationship between the different constructs [29,39-42].
The intervention consists of 6 weekly lessons with an option of
1 week extra time in case of delay. Each lesson has a different
theme, but always follows the same structure: information about
the theme, examples, and assignments. Themes of the lessons
are introduction of problem solving (lesson 1), problem-solving
methods (lesson 2), changing cognitions (lesson 3), dealing with
work-related problems (lesson 4), social support (lesson 5), and
relapse prevention (lesson 6). Screenshots of the intervention
can be found in Figure 1 and Multimedia Appendix 1.

At the start of the intervention, an account was generated by
the researchers on the website and a coach was assigned to the
participant on the website. Once the account was generated, an
automatic email was sent to the participant with a link to activate
the account. Participants used their email address and a
self-created password to log in once the account was activated.

Participants were asked to submit their weekly assignment via
the website after completion and subsequently they received
feedback from a coach, again via the website, within 3 working
days. Next, automatic emails were sent to participants to notify
them about the feedback, to describe the following lesson, and
to give the deadline for completion of the next assignment.
Participants were able to start with a new lesson after they had
received the feedback (ie tunneled intervention). When deadlines
were not met, email reminders were sent to participants. There
were no content changes, bug fixes, or periods of downtime
required during the trial.

The coaches were Master’s students in clinical psychology with
training of 6 hours. All coaches used a protocol-treatment
manual throughout the course. To ensure treatment fidelity, all
feedback was reviewed by a supervisor (AG) before it was
placed on the website. The support includes feedback on the
assignments and motivational and empathic strategies to keep
participants engaged in the course. Development of a
patient-therapist alliance, as in traditional psychotherapy, was
not an aim of the support.
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Figure 1. Screenshot of Happy@Work intervention.

Care as Usual
Participants in the CAU group did not receive treatment or
support from the coaches. However, in the email with the
randomization outcome they were advised to consult their
(occupational) physician or a psychologist if they wanted
treatment for their depressive symptoms. Participants who were
interested were sent a copy of the self-help book version of the
intervention after having completed the posttreatment
assessment. Participants in both conditions had access to any
additional (mental) health care.

Measures

Outcome Measures
Participants filled in several questionnaires at baseline (T0) and
8 weeks later (T1). Both assessments took place online.
Participants also participated in a clinical interview at T0 via
telephone.

Depressive Symptoms
Symptoms of depression were measured with the Center for
Epidemiological Studies Depression scale (CES-D) [43]. This
questionnaire is widely used for identifying people with
depressive symptoms. Its validity has been tested in different
populations [44-46]. The CES-D consists of 20 items and the
total score varies between 0 and 60. The Cronbach alpha in this
study was .82. A score of 16 or higher represents a clinically
significant level of depressive symptoms [43]. The cut-off score
of 16 was used in this study as an inclusion criterion.

Anxiety Symptoms
The anxiety subscale of the Hospital Anxiety and Depression
Scale (HADS) was used to measure anxiety symptoms [47].
The anxiety subscale of the HADS consists of 7 items. Scores
range from 0 to 21, with higher scores indicating more anxiety.
The HADS has shown good homogeneity and reliability in

different normal and clinical Dutch samples [48]. The Cronbach
alpha in this study was .76.

Burnout Symptoms
Burnout symptoms were measured with the Dutch version of
the Maslach Burnout Inventory-General Scale (MBI) [49,50].
This self-report questionnaire contains 15 items and 3
dimensions: exhaustion (5 items), cynicism (4 items), and
reduced professional efficacy (6 items). Every item was scored
on a 7-point Likert scale (0-6). Following the manual of the
questionnaire [50], a total score for every dimension was
calculated by adding the item scores and dividing that total score
by the number of items, with higher scores indicating more
severe symptoms. Participants with a high score on exhaustion
and a high score on cynicism or a high score on reduced
professional efficacy were considered as “burnout” [50]. We
rescored the professional efficacy dimension with higher scores
indicating less feeling of professional efficacy, hence the high
score in the burnout diagnoses. The Cronbach alphas for the
different dimensions in this study were .83 for exhaustion, .83
for cynicism, and .79 for reduced professional efficacy.

Work Performance
We used the general work performance scale of the World
Health Organization (WHO) Health and Work Performance
Questionnaire (HPQ) [51], which contains 4 items. Item 4 gives
the best and easiest indication of the subject’s perception of
their own work performance [52] and we report that item only
in this study. On item 4, participants were asked to rate their
overall work performance during the past 4 weeks when
compared to employees with comparable functions. It was
scored on a 7-point Likert scale with a higher score indicating
poorer work performance compared to other employees [52].
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Clinical Interview
The WHO Composite International Diagnostic Interview version
2.1 (CIDI) [53] is a structured interview to assess psychiatric
diagnosis defined in the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders, 4th
edition, Text Revision (DSM-IV-TR) [54]. For this study, 2
sections of the CIDI were assessed: the mood disorders section
and the “other” anxiety disorders (social phobia, panic disorder,
agoraphobia, and generalized anxiety disorder) section. The
CIDI was conducted by trained interviewers via telephone at
baseline (T0) and was used for diagnostic purposes.

Health Care Utilization
A revised version of the Trimbos and iMTA Questionnaire on
Costs Associated with Psychiatric Illness (TiC-P) [55] was used
to collect data on health care utilization. The TiC-P is a
self-report questionnaire and consists of 2 different parts that
can be administrated separately. Part I was used and contains
12 items concerning health care utilization by participants. There
were 2 questions added to the questionnaire on the frequency
of utilization of different health care services of the company:
occupational physician and occupational social work. The
questionnaire was used at T0 to assess health care utilization
up to 3 months before the start of the study and at posttreatment
(T1) assessment to assess health care utilization between
baseline and posttreatment assessment.

Other Measures
We added demographic questions, working hours, medication
use for psychological problems, and treatment by a mental health
specialist to the baseline questionnaire.

Statistical Analysis

Baseline Differences
Baseline differences in demographic variables and outcome
measures were investigated using chi-square tests and
independent-sample t tests.

Missing Values
Baseline data were available for all participants. Missing values
at posttreatment (T1) (26.0%, 171/231) were handled by
multiple imputation using the fully conditioned specified method
with model type predictive mean matching in SPSS version
20.0 (IBM Corp, Armonk, NY, USA) creating 5 datasets. In
multiple imputation, missing data are imputed by regression
analyses and the available baseline data (demographics and
baseline scores on outcome measurements) of the study
completers as well as the study dropouts at posttreatment are
used to estimate missing values at posttreatment. This provides
a more reliable estimation of the “real” data than other
imputation methods. The analyses were performed on the 5
created datasets and combined into a single overall estimate
using the multiple imputation inference rules of Rubin [56].
This yields proper P values and confidence intervals for the
estimates.

Effectiveness
Primary effectiveness analyses were conducted according to
the intention-to-treat (ITT) principle. We calculated the

intraclass correlation (ICC) to examine nonindependence of
observations at the company level. The results showed that this
was not an issue (ICC=.02, P=.77); therefore, a multilevel
approach for analyzing the data was not deemed necessary. We
performed linear regression analyses to determine differences
between the intervention group and the CAU group with the
posttreatment score as the dependent variable and group
(intervention or CAU) as the predictor variable while controlling
for baseline scores for every outcome measure. The magnitude
of the effect is expressed in Cohen’s d [57]. The Cohen’s d was
calculated by subtracting the post treatment mean score of the
CAU group of the posttreatment mean score of the intervention
group and dividing that result by the pooled standard deviation.
Effect sizes of ≥0.8 are assumed to be large, effect sizes of
0.5-0.8 are moderate, and effect sizes of 0.2-0.5 are assumed to
be small [57]. We calculated the effect sizes for all participants
(ITT) and for participants who completed the intervention (per
protocol analysis). Completion of the intervention was defined
as completion of ≥5 lessons of the intervention. Reporting both
outcomes is of high importance because intervention dropout
is common in Web-based interventions.

We calculated clinical significant change as described by
Jacobson and Truax [58]. This method uses a reliable change
index as an index for improvement and its formula is pretest
score minus posttest score divided by the standard error of the
difference between the 2 test scores. To calculate the standard
error of the difference between the 2 test scores in the formula,
one uses the pretest SDs of the outcome and the reliability of
the questionnaire. In this study, we used the following reliability
scores from the questionnaires: 0.90 for the CES-D [59], 0.83
for the HADS [60], 0.88 for the exhaustion scale of MBI [50],
0.81 for the cynicism scale of MBI [50], and 0.75 for the reduced
professional efficacy scale of MBI [50]. If the outcome of the
sum of the reliable change index is greater than 1.96, this is
considered a significant improvement because the amount of
change is unlikely to have occurred by chance. The differences
in clinical significant improvement rates were then expressed
as odds ratios (ORs).

We calculated the recovery rates for depressive symptoms in
which a score <16 on the CES-D at posttreatment was defined
as recovery [59]. The differences in recovery rates were then
expressed as ORs. Finally, we defined reliable recovery as
clinical significant improvement between baseline and
posttreatment score and recovery at posttreatment. Reliable
recovery was also expressed as OR. Results are presented as
the mean and standard deviations of the observed data. Between-
and within-group effect sizes as well as effectiveness analyses
were based on the pooled results of the imputed data.

Results

Participants and Response Rates

Overview
Figure 2 shows the flow of participants through the trial. A total
of 778 employees were interested in the study and applied for
more information; 320 of them did not return the informed
consent form and/or did not fill in the baseline questionnaire.
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We received a completed informed consent form and a baseline
questionnaire from 458 participants. Of those, 208 were not
eligible to take part in the study because they scored below the
cut-off score of 16 on the CES-D (n=144), were already absent
from work (n=48), had unstable medication use for depressive
symptoms (n=12), or had a legal labor dispute with their
employer (n=4). Further, 17 participants did not complete the
diagnostic interview and 2 participants withdrew from the study
before randomization. The remaining 231 participants were
randomized to either the intervention group (n=116) or the CAU
group (n=115). Most participants (n=166) were employed by 1
of the 2 banking companies, 39 by the research institutes, 11
by the security company, and 15 by the university. Of the 231
participants, 10 (4.3%) used medication without psychological

treatment, 24 (10.4%) received psychological treatment but no
medication, and 4 participants (1.7%) used both medication and
received psychological treatment at baseline. Thus, most
participants (83.6%) did not receive treatment for their
depressive symptoms.

As shown in Table 1, most participants were female (62.3%,
144/231), born in the Netherlands (95.2%, 220/231), involved
in an intimate relationship (76.2%, 176/231), highly educated
(63.6%, 147/231), and worked for 34 hours per week on average.
Participants in the intervention group were more often born
outside the Netherlands (7.8%, 9/116) than participants in the
CAU group (1.7%, 2/115, P=.03). There were no significant
differences between the intervention group and the CAU group
on any of the outcome measures at baseline.

Table 1. Participants’ demographic characteristics at baseline.

P valueCAU

(n=115)

Intervention

(n=116)

All

(N=231)

Characteristic

.5143.8 (9.6)43 (8.9)43.4 (9.2)Age (years), mean (SD)

.20Gender, n (%)

67 (58.3)77 (66.4)144 (62.3)Female

48 (41.7)39 (33.6)87 (37.7)Male

.03Country of birth, n (%)

113 (98.3)107(92.2)220 (95.2)Netherlands

2 (1.7)9 (7.8)11 (4.8)Other

.46Marital status, n (%)

90 (78.3)86 (74.1)176 (76.2)Relationship

25 (21.7)30 (25.9)55 (23.8)No relationship

.25Education, a n (%)

5 (4.3)11 (9.5)16 (6.9)Low

37 (32.2)31 (26.7)68 (29.4)Middle

73 (63.5)74 (63.8)147 (63.6)High

.6534.0 (5.3)33.7 (4.8)33.9 (5.0)Working hours,b mean (SD)

.324.2 (0.7)4.3 (0.6)4.3 (0.7)Working days, mean (SD)

aLow: primary education or lower general secondary education, middle: intermediate vocational education or high school, high: higher vocational
education or university.
bMean working hours per week according to contract of the employee.
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Figure 2. Flowchart of participants.

Diagnosis
A total of 57 participants (24.7%) were diagnosed with a current
major depressive disorder, dysthymic disorder, or both; 23
participants in the intervention group and 34 in the CAU group.
Of those, 15 participants suffered from a single episode major
depressive disorder (9 intervention, 6 CAU), 40 participants
from a recurrent major depressive disorder (12 intervention, 28
CAU), and 9 participants from a dysthymic disorder (7
intervention, 2 CAU).

Anxiety disorders were less frequently present; a total of 48
participants (20.8%) were diagnosed, 27 participants in the
intervention group and 21 in the CAU group. The different
anxiety disorders frequencies were as follow: social phobia (14
intervention, 7 CAU), panic disorder without agoraphobia (2
intervention, 0 CAU), panic disorder with agoraphobia (4
intervention, 2 CAU), or generalized anxiety (11 intervention,
16 CAU) disorder.

Health Care Utilization
At posttreatment, we analyzed the health care utilization of both
groups to get a more detailed view on health care utilization by
the CAU group. Only a small number of the total participants
made use of health care. More participants in the CAU group
sought help in general health care (19 intervention, 25 CAU)
or occupational health care (4 intervention, 7 CAU), but this
was not statistically significant compared to the intervention
group (t43=0.35, P=.73; t9=1.09, P=.31). There was only a slight
difference in medication use for depressive symptoms between
the groups (8 intervention, 10 CAU), and this was not

statistically significant different (χ2
1=0.00, P=.96).

Attrition and Adherence

Study Attrition
A total of 61 participants (26.4%) did not complete the T1
(posttreatment) assessment: 42/116 (36.2%) of the intervention
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group and 19/115 (16.5%) of the CAU group. Data from 173
of 231 participants (74.9%) was available for the primary
outcome depressive symptoms, and data from 171of 231
participants (74.0%) was available for the other outcomes.
Participants in the CAU group more often completed the T1

assessment (χ2
1=11.5, P=.001). Attrition rates were also lower

for participants who completed the intervention (χ2
1=32.1,

P<.001).

Treatment Adherence
Of the participants randomized to the intervention group, 9.5%
(11/116) did not start or complete the first lesson of
Happy@Work. Lesson 1 was completed by 90.5% (105/116),
lesson 2 by 75% (87/116), lesson 3 by 57.8% (67/116), lesson
4 by 49.1% (57/116), lesson 5 by 38.8% (45/116), and lesson
6 by 26.7% (32/116). A total 29 of 116 participants dropped
out of the intervention, the other participants were not able to
complete more lessons within the time limit of 7 weeks. Most
participants who dropped out did not report a reason for dropout.
When reasons were reported (14/116) they pertained mostly to
lack of time.

Effects

Improvements on Outcome Measures
All participants improved between baseline and posttreatment
on all outcomes measured (see Table 2). For the primary

outcome, depressive symptoms, a high within-group effect-size
Cohen’s d was found for both the intervention (d=1.03, 95%
CI 0.76-1.30, P=.001) and the CAU group (d=0.98, 95% CI
0.71-1.25, P<.001). However, there was no difference between
both groups (d=0.16, 95% CI –0.10 to 0.41, P=.29). The same
result was found when we compared course completers (n=45)
with CAU (d=0.29, 95% CI –0.05 to 0.64, P=.13).

Small to medium within-group effects were found for the
secondary outcomes anxiety, burnout, and work performance
in both the intervention group and the CAU group (see Table
2). Between-group differences were small for all secondary
outcomes, but participants in the intervention group improved
significantly more on anxiety symptoms (d=0.16, 95% CI –0.09
to 0.42, P=.04) and the exhaustion dimension of the MBI
(d=0.17, 95% CI –0.09 to 0.43, P=.02) compared to CAU.
Course completers also improved more on anxiety symptoms
compared to CAU (d=0.19, 95% CI –0.16 to 0.53, P=.04), but
not on the exhaustion dimension of the MBI (d=0.17, 95% CI
–0.18 to 0.52, P=.14). No significant between-group differences
were found on the cynicism dimension of the MBI, the reduced
professional efficacy dimension of the MBI, and work
performance.
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Table 2. Effects of intervention (n=116) versus care-as-usual (n=115) group with course completers (CC).

Effect size,a Cohen’s d (95% CI)
Posttest, mean
(SD)

Pretest, mean
(SD)Outcome

Between (CC, n=45)Between (all)Within

0.29 (–0.05, 0.64)0.16 (–0.10, 0.41)CES-D

1.03 (0.76, 1.30)b15.8 (10.6)25.7 (7.5)Intervention

0.98 (0.71, 1.25)c18.3 (9.1)26.1 (7.0)CAU

15.1 (10.4)25.3 (6.5)Intervention-CC

0.19 (–0.16, 0.53)d0.16 (–0.09, 0.42)dHADS

0.77 (0.51, 1.04)c7.6 (3.8)10.6 (3.8)Intervention

0.56 (0.29, 0.82)c8.3 (3.6)10.2 (3.2)CAU

7.5 (4.0)10.7 (3.6)Intervention-CC

0.17 (–0.18, 0.52)0.17 (–0.09, 0.43)eMBI-exhaustion

0.50 (0.24, 0.76)c2.7 (1.2)3.3 (1.2)Intervention

0.35 (0.09, 0.61)c3.0 (1.2)3.3 (1.1)CAU

2.7 (1.1)3.3 (1.2)Intervention-CC

0.31 (–0.04, 0.65)0.30 (0.05, 0.57)MBI-cynicism

0.31 (0.05, 0.57)c2.4 (1.3)2.8 (1.3)Intervention

0.23 (-0.03, 0.49)c2.8 (1.3)3.1 (1.3)CAU

2.4 (1.3)2.7 (1.2)Intervention-CC

0.30 (–0.05, 0.65)0.10 (–0.16, 0.36)MBI-reduced professional efficacy

0.20 (-0.06, 0.46)c2.4 (1.0)2.6 (1.0)Intervention

0.21 (-0.05, 0.47)c2.5 (0.9)2.7 (0.9)CAU

2.2 (1.0)2.4 (1.0)Intervention-CC

0.07 (–0.28, 0.41)0.00 (–0.26, 0.26)HPQ-4

0.32 (0.06, 0.58)c3.6 (1.5)4.1 (1.6)Intervention

0.42 (0.16, 0.68)c3.6 (1.5)4.3 (1.8)CAU

3.4 (1.5)4.3 (1.7)Intervention-CC

aThe effect size is presented as Cohen’s d: the number of standard deviations in the intervention group has improved more than the CAU group; (CAU
mean–intervention mean)/pooled SD.
bP=.001.
cP<.001.
dP=.04.
eP=.02.

Clinical Significant Improvement and Reliable Recovery
Data on clinical significant improvement are reported in Table
3. Clinical significant improvement on depressive symptoms
was comparable in both groups (OR 0.9, 95% CI 0.5-1.6, P=.82).
More participants in the intervention group showed clinical
significant improvement on anxiety symptoms, the exhaustion
dimension of the MBI, and the cynicism dimension of the MBI
compared to the CAU group, but differences between the groups
were not significant (see Table 3). A total of 105 of the 231

participants (45.5%) were recovered from depression at
posttreatment. More participants in the intervention group
(56/116, 48.3%) recovered from depression compared to the
CAU group (49/115, 42.6%), but not significantly (OR 1.3,
95% CI 0.7-2.3, P=.41). Reliable recovery rates for depression
were also in favor for the intervention group, with an odds ratio
of 1.3. In the intervention group, 44.8% (52/116) reliably
recovered and 39.1% (45/115) in the CAU group. However, the
difference was not statistically significant (OR 1.3, 95% CI
0.7-2.3, P=.39).
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Table 3. Participants with clinical significant improvement.

P valueOR (95% CI)CAU, n (%)

(n=115)

Intervention, n (%)

(n=116)

Outcome

.820.9 (0.5, 1.6)73 (63.5)71 (61.2)CES-D

.111.7 (0.9, 3.3)24 (20.9)36 (31.0)HADS

.071.9 (1.0, 3.7)21 (18.3)34 (29.3)MBI-exhaustion

.671.2 (0.5, 3.1)13 (11.3)16 (13.8)MBI-cynicism

.610.8 (0.3, 2.2)12 (10.4)10 (8.6)MBI-reduced professional efficacy

Discussion

Principal Results
This study examined the effects of a Web-based guided self-help
course, Happy@Work, on depressive symptoms (primary
outcome), anxiety symptoms, 3 burnout dimensions (exhaustion,
cynicism, reduced professional efficacy), and work performance
(secondary outcomes) compared to CAU in employees with
depressive symptoms. The study did not corroborate evidence
for the effectiveness of the Web-based course compared to CAU
in reducing depressive symptoms. Depressive symptoms had
improved substantially in both groups at posttreatment with
approximately 62% of participants showing a clinically
significant improvement in both conditions. Small but significant
effects in favor of the intervention group were found on 2
secondary outcomes: anxiety symptoms (d=.16) and the burnout
dimension exhaustion (d=.17). However, the number of people
that showed a clinically significant improvement on these
measures at posttreatment did not differ between both groups.
We did not find additional gains of the intervention on the other
outcomes cynicism, reduced professional efficacy, and work
performance.

Comparison With Prior Work
The results regarding depression are not in-line with the overall
positive effects of Web-based interventions that are often found
when they are compared to nonactive control groups [21,22,61].
Within-group improvement in depression in the intervention
condition is comparable with other studies that examined the
effects of Web-based PST in the general population [38,62].
However, these studies did not show such large improvements
on depression in the control group. Furthermore, these studies
showed equal improvement scores on the CES-D, but baseline
scores were higher compared to this study.

Several reasons may explain the large reduction in depressive
symptoms in the control group. First, an explanation could be
that participants in the CAU group showed spontaneous
recovery, a phenomenon which is seen frequently in patients
with depression and stress [62,63]. It could be possible that
spontaneous recovery is higher among those who are still at
work while they experience depressive symptoms. It is known
from previous research that work-related aspects are of
importance in the recovery of depression [64], but to our
knowledge there is no research available that subscribes that
work-related aspects are related to spontaneous recovery.
Second, it could be possible that our method of recruitment

resulted in a selection of highly motivated employees who were
willing to change. This could have let to improvement by itself.

Third, being able to function and stay at work while
experiencing depressive symptoms might have had a positive
influence on recovery of depressive symptoms [24,63,65]. Social
support from colleagues and supervisors, social identity, regular
activities, and time structure are all reported as positive effects
of work on mental health [66]. Fourth, the introduction of this
study in the participating companies may have had beneficial
effects. A company’s participation in this study gives a positive
and caring signal to all employees. This may create a more open
environment within the company and it might, therefore, be
possible that several participants in the CAU group discussed
their mental health problems with their supervisor. This may
have resulted in recovery of depressive symptoms. Finally,
participants in the CAU group received an email with the
randomization outcome in which they were also informed about
their level of depressive symptoms and they were advised to
seek treatment or help for their complaints. This email could
have instigated a behavioral change in such a way that
participants in the CAU group moved from the preparation stage
to the action stage, according to the stages-of-change model
from Prochaska and colleagues [67]. Only a small percentage
of the participants in the CAU group sought help in professional
health care. However, it could be possible that other participants
sought help in a different way; for example, via their significant
other or via other self-help treatments.

Between-group significant effects were found on 2 of the
secondary outcomes in this study: anxiety symptoms and
exhaustion (one of the dimensions of burnout). However, these
results were not confirmed by clinically significant improvement
scores, which may have to do with a lack of power. It is
remarkable that significant effects on anxiety symptoms but not
on depressive symptoms were found because anxiety and
depression often co-occur [68]. The between-group effect sizes
for anxiety and depression were similar, but only the effect size
on anxiety symptoms was significant. This may indicate that
improvement on anxiety symptoms is more stable for all
participants. Not many studies examine burnout as a secondary
outcome in studies on depression treatment. However, when
burnout was assessed in intervention studies with a focus on
employees with stress or mental health problems, results were
often conflicting. Some studies found positive results on
dimensions of burnout and others have not [69,70]. This study
only showed significant effect on the exhaustion dimension of
burnout. This dimension is sometimes seen as the core
dimension of burnout and best reflects the subject’s incapacity
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to act, primarily because of fatigue [71,72], which is also a
symptom of depression. The other 2 dimensions, cynicism and
reduced professional efficacy, reflect the subject’s willingness
to act, which indicates a certain attitude or cognition [72].
Therefore, it may be possible to find effects in the long term
instead of directly after treatment because it is more difficult to
change an attitude in a short period of time. This result also
indicates the importance of a specific focus on work-related
aspects, stress, and burnout symptoms within the intervention.
However, interpretation of the positive results on anxiety
symptoms and exhaustion needs to be done with care because
these effects could have occurred by chance and the effect sizes
were very small.

Limitations
This study has several limitations. The first has to do with the
response rate and missing data handling. We were confronted
with a high attrition rate which is seen more often in Web-based
interventions [73,74]. Attrition was significantly higher in the
intervention group, but we could not find baseline differences
between the groups (except for country of birth) to identify
possible selection bias. The bias that still may have been
introduced was accounted for by applying multiple imputation
techniques. Nevertheless, imputing 26% of the data may have
led to unreliable estimates.

Second, completion of the intervention in this study was low
compared with several other studies [38,62,75,76]. Only 26.7%
of the participants completed the entire course within 7 weeks,
and 38.8% completed lesson 5 within 7 weeks. Therefore, our
analysis of improvement scores in the subgroup of course
completers has a lack of power. If the course completion was
higher, the higher effect size (d=0.29) for depressive symptoms
may possibly have been significant. The low completion rate
of the intervention is highly influenced by the fact that
participants only received 7 weeks to complete the intervention
due to the study setting. Most participants were simply not able
to complete more lessons within 7 weeks and only a few
participants stopped the intervention at their own request due
to lack of time or other reasons. We sent several email reminders
to increase completion rates, but it may have been beneficial to
use other methods as well, such as telephone support in addition
to Web-based support [77], increased use of persuasive
technology elements [78], or tailored feedback [79]. However,
it is not yet clear what methods are effective in reducing dropout

of Web-based interventions [74]. Third, the participants in this
study were primarily Dutch white-collar workers with high
educational levels. Therefore, it is uncertain whether the results
can be generalized to the general working population. It is also
possible that we only recruited employees with high job security.
Because of an economic recession at the time of study,
recruitment job security was low for many employees. It may
have been possible that employees with depressive symptoms
who were experiencing low job security did not apply for this
study because they were afraid for their privacy. Finally,
although the use of a diagnostic interview is a great strength of
this study, we did not assess the CIDI interview at posttreatment;
therefore, we do not know how many patients met the criteria
for major depressive disorder at posttreatment.

Implications and Future Research
The results of this study implicate that the intervention
Happy@Work is not more effective in reducing depressive
symptoms than CAU immediately after the intervention. All
participants improved substantially between the 2 assessments
on depressive symptoms and significant effects in favor of the
intervention group were found on anxiety symptoms and
emotional exhaustion. Several explanations may account for
the high improvement rates in the CAU group. More research
is needed to examine the possibilities of using e-mental health
in the worksite setting and future research should further explore
the needs of employees with mental health problems. Definitive
conclusions about the effectiveness of the intervention can be
made once long-term effects of the intervention are known.

Conclusions
This study gives a first impression of the short-term effects of
a Web-based guided self-help course for employees with
depressive symptoms who are not on sick leave. High
within-group effect sizes for both the intervention and the CAU
group were found for depressive symptoms. Statistically
significant between-group effects in favor of the intervention
were found for anxiety symptoms and the exhaustion dimension
of the MBI, but with small effect sizes. Clinical significant
improvement and reliable recovery effects did not show any
significant effects in favor of the intervention. Long-term effects
of this intervention need to be studied, including the role of
possible mediators and moderators, as well as the
cost-effectiveness of the intervention.
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Screenshots from the participant view on the platform.
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Multimedia Appendix 2
CONSORT-EHEALTH checklist V1.6.2 [80].
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Abstract

Background: Depression and anxiety are common mental health difficulties experienced by university students and can impair
academic and social functioning. Students are limited in seeking help from professionals. As university students are highly
connected to digital technologies, Web-based and computer-delivered interventions could be used to improve students’ mental
health. The effectiveness of these intervention types requires investigation to identify whether these are viable prevention strategies
for university students.

Objective: The intent of the study was to systematically review and analyze trials of Web-based and computer-delivered
interventions to improve depression, anxiety, psychological distress, and stress in university students.

Methods: Several databases were searched using keywords relating to higher education students, mental health, and eHealth
interventions. The eligibility criteria for studies included in the review were: (1) the study aimed to improve symptoms relating
to depression, anxiety, psychological distress, and stress, (2) the study involved computer-delivered or Web-based interventions
accessed via computer, laptop, or tablet, (3) the study was a randomized controlled trial, and (4) the study was trialed on higher
education students. Trials were reviewed and outcome data analyzed through random effects meta-analyses for each outcome
and each type of trial arm comparison. Cochrane Collaboration risk of bias tool was used to assess study quality.

Results: A total of 17 trials were identified, in which seven were the same three interventions on separate samples; 14 reported
sufficient information for meta-analysis. The majority (n=13) were website-delivered and nine interventions were based on
cognitive behavioral therapy (CBT). A total of 1795 participants were randomized and 1480 analyzed. Risk of bias was considered
moderate, as many publications did not sufficiently report their methods and seven explicitly conducted completers’ analyses. In
comparison to the inactive control, sensitivity meta-analyses supported intervention in improving anxiety (pooled standardized
mean difference [SMD] −0.56; 95% CI −0.77 to −0.35, P<.001), depression (pooled SMD −0.43; 95% CI −0.63 to −0.22, P<.001),
and stress (pooled SMD −0.73; 95% CI −1.27 to −0.19, P=.008). In comparison to active controls, sensitivity analyses did not
support either condition for anxiety (pooled SMD −0.18; 95% CI −0.98 to 0.62, P=.66) or depression (pooled SMD −0.28; 95%
CI −0.75 to −0.20, P=.25). In contrast to a comparison intervention, neither condition was supported in sensitivity analyses for
anxiety (pooled SMD −0.10; 95% CI −0.39 to 0.18, P=.48) or depression (pooled SMD −0.33; 95% CI −0.43 to 1.09, P=.40).

Conclusions: The findings suggest Web-based and computer-delivered interventions can be effective in improving students’
depression, anxiety, and stress outcomes when compared to inactive controls, but some caution is needed when compared to other
trial arms and methodological issues were noticeable. Interventions need to be trialed on more heterogeneous student samples
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and would benefit from user evaluation. Future trials should address methodological considerations to improve reporting of trial
quality and address post-intervention skewed data.

(J Med Internet Res 2014;16(5):e130)   doi:10.2196/jmir.3142
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systematic review; meta-analysis; intervention; universities; students; mental health; depression; anxiety; health promotion

Introduction

Depression and anxiety are common mental health problems
experienced by university students [1]. A recent review reported
a 30.6% mean prevalence rate of depression in students [2] and
a cross-sectional survey reported 17.3% prevalence of
clinically-significant psychiatric caseness in a UK student
sample [3]. Being in higher education is associated with many
stressors and transitional events, and students fall within the
age range when common mental health problems are at their
developmental peak [4]. Of students who screened below the
threshold for anxiety and depression at entry to university, 9%
were above the threshold for depression and 20% for anxiety
18 months into their course [5]. Depression and anxiety can
impair students’ academic performance and social functioning,
cause significant burden at university, and potentially affect
their future career opportunities [4,6,7]. Students’ help-seeking
behavior for their mental health difficulties is limited, with many
not contacting relevant professional services [8]. Young people
do not seek out help for several reasons, including personal
preferences for self-reliance in managing their mental health
[9].

Computer-delivered and Internet-enabled interventions have
been increasingly trialed in recent years [10]. Programming
technology means interventions can be delivered using a range
of multimedia formats and interactive features to engage users
and facilitate intervention efficacy [11]. Computer- and
Internet-delivered interventions hold many advantages; they
can be tailored to student needs, accessed anonymously, and
provide a more comfortable private environment to access
sensitive information [12]. Online interventions can be a form
of outreach to individuals who may not access traditional
face-to-face services [13]. Evidence-based psychotherapies have
been effectively adapted for Internet-based delivery, with much
evidence supporting computer-delivered cognitive behavioral
therapy (CCBT) in improving depression and/or anxiety
outcomes [14-17]. The Internet is an essential tool for higher
education and thus highly accessible to students [12,18].
Students also use the Internet for health-related purposes; over
a third of students stated that information found via the Internet
had a significant effect on their own health self-care [18]. Given
that students may not seek out professional help for their mental
health, computerized technologies could provide access to
self-help. Students may have favorable preferences toward
self-help due to their increasing independence and ability to be
self-reliant during their transition to young adulthood [19]. Over
half of students in an Australian sample who screened for high
psychological distress reported strong intentions in using an
online program for student well-being [12]. As Internet-based
interventions have been cited as an approach that may be

particularly engaging and useful for higher education students
given their limited help-seeking behavior [12,20-22], there is a
need to identify and synthesize the evidence from these types
of interventions for improving common mental health difficulties
in higher education populations. Several UK universities appear
to offer online counselling to their students, but students still
have to engage in help-seeking behavior to access these services
and may have stigmatizing attitudes toward professional help
[23]. Self-guided computer and Internet-based resources may
help to avoid this stigma and be in line with preferences for
self-reliance. The recent systematic review by Farrer and
colleagues [4] explored technology-based interventions trialed
in higher education populations and has provided a
comprehensive narrative appraisal of these trials. However,
quantitative analysis was not conducted due to the variation of
technologies employed in the studies. We hope to expand on
this by focusing only on interventions delivered through
websites and offline computer programs for improving mental
health outcomes, and conducting meta-analysis to explore these
outcomes. Analysis of this type of intervention in student
populations has not been explored previously. The aim of this
review is to explore whether computer-delivered and Web-based
(ie, website-based) interventions are effective in improving
depression, anxiety, and psychological well-being in higher
education students.

Methods

Search Methodology and Identification of Trials
Nine electronic databases, including PsychINFO, CENTRAL,
and PsychMed, were searched in March-April 2012; the search
was repeated in June 2013 to ensure the search was as current
as possible. Search terms (Multimedia Appendix 1) were
developed through literature review and related to Internet- and
computer-delivered interventions, mental health, and higher
education. Several publisher websites, published reviews, and
intervention studies were hand-searched. There was no
restriction in year or language of publications. Studies met the
following eligibility criteria:

1. The interventions had to aim to improve psychological
distress, stress, depressive, or anxiety symptomology, and
had administered valid and reliable measure(s) reflecting
this symptomology. Interventions that also addressed
general aspects of psychological well-being (eg, sleep) and
included a primary mental health outcome were also
included.

2. The intervention was delivered via a website or offline
computer program and accessed via computer, laptop, or
other technological device (eg, tablet). These technological
mediums were used as a medium for delivering the
intervention. Human support was included in the review
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providing it was delivered by laypersons or non-health care
professionals and was a complementary component of
intervention.

3. The study was published in a peer-reviewed journal.
4. The intervention was trialed through randomized controlled

trial (RCT) design. Trial arms need to consist of an
experimental condition and an inactive control (ie,
no-treatment or wait list control) condition and/or an active
control and/or comparison intervention. Active control was
defined as participants who received materials designed to
mimic the time and attention received by participants
assigned to the intervention. Active controls were not
designed to produce the same changes upon outcomes as
expected in the intervention.

5. The intervention was trialed on undergraduate and/or
postgraduate students in higher education institutions
[HEIs]. HEIs were tertiary educational institutions, such as
universities and colleges.

Secondary outcomes of interest were help-seeking behavior,
mental health service utilization, diagnosis of mental disorder,
and participant attrition. Interventions were excluded if there
was face-to-face human support adjunct to intervention, they
were not Web-based or offline computer programs, they were
online support groups, or were mobile or tablet applications.
Interventions that utilized computers/Internet to facilitate
communication (eg, email, online counselling) between health
professionals and users were also excluded as we wanted to
explore whether computer-delivered and Web-based
interventions were comparable to traditional therapies (eg,

face-to-face CBT) and had any effects on mental health
outcomes in comparison to receiving no treatment. Mobile
applications (“apps”) were also excluded as, at the time of
conducting the search, it was felt these were relatively new
mediums in terms of therapeutic interventions and appeared
more likely to be used as a device to display information in the
same way as a DVD/video. Online interventions for eating
disorders and alcohol/substance use were not included as these
have been previously reviewed in students [24,25]. Publications
were excluded if they focused on mediating effects upon
outcome measures only within experimental groups, or if both
the intervention and active control/comparison intervention
received the same intervention materials and there was no
inactive control condition.

A total of 6494 titles and abstracts were retrieved from the
search and screened by EBD to address their inclusion
eligibility. Reference lists of relevant reviews were also
searched. The updated search resulted in inclusion of some
additional studies that were not published at the time of the first
search. The full text of 103 articles was obtained for further
analysis and coding. Of these, 38 addressed the targeted mental
health criteria and 19 were excluded as they did not meet
eligibility criteria or presented translation difficulties [26] (see
Multimedia Appendix 2 for further description). A total of 19
articles met inclusion criteria, which included one follow-up to
an included study [27] and two publications reporting the same
trial [28,29]; data from both were extracted and collapsed into
the original studies, resulting in 17 citations. Figure 1 outlines
the search process (also see Multimedia Appendix 3).
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Figure 1. PRISMA flowchart outlining process for systematic review/meta-analysis.

Data Extraction and Assessment
Data extraction was performed by EBD using a template based
on the Cochrane Review template [30] and the CONSORT
checklist for reporting eHealth interventions [31]. Authors were
contacted if necessary to clarify information. Data regarding
post-intervention means and standard deviations from relevant
mental health outcome measures and information about
participant attrition were extracted from the included studies
and entered into Review Manager (“RevMan”) software [32].

Interventions were classified by their type of prevention [33]:
“universal interventions” target a whole population regardless
of individual risk and do not involve screening; “selective
interventions” select individuals at some risk of a mental health
disorder but without screening of mental health symptomology;
“indicated interventions” target those who screen for some level
of mental health symptomology but do not have a diagnosis;

and “treatment interventions” are delivered to individuals with
a diagnosed mental disorder [4]. For this review, “selective”
and “indicated” interventions were collapsed into one category
as it can be difficult to decipher whether interventions discretely
fit into one category.

The level of human support provided to participants was coded
using categories used previously [4,34]. Only three categories
were used as we did not aim to explore interventions that
involved extensive contact time between participants and a
human contact. The three categories were: (1) no-contact
intervention (no human face-to-face or verbal contact for any
aspect of study; email contact only with participants), (2)
self-administered intervention (human contact for administration
of measures only), and (3) semi-guided intervention (human
contact ≤90 minutes for prompts or reminders, guidance on
intervention use, and/or support in completing intervention).

J Med Internet Res 2014 | vol. 16 | iss. 5 |e130 | p.22http://www.jmir.org/2014/5/e130/
(page number not for citation purposes)

Davies et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


The Cochrane Collaboration risk of bias tool [35] was used to
assess trial quality. The tool provides a checklist to aid
understanding of trial quality and does not calculate an overall
quality score. The tool assesses study bias across five
methodological domains: sequence generation, allocation
concealment, blinding, incomplete outcome data, and selective
reporting.

Process for Meta-Analysis
Meta-analyses were planned to explore the effects of
interventions upon depression, anxiety, stress, and psychological
distress related outcomes. These outcomes were analyzed in
three subgroups: (1) comparing intervention to inactive control,
(2) comparing intervention to active control, and (3) intervention
compared to comparison intervention. If trials conducted three
or more trial arms, the trial arms were separated corresponding
to the three comparison analyses. In studies using two or more
active control or comparison intervention conditions, the least
active control was entered into analysis. Secondary analyses
were conducted to explore year of publication and use of
participant incentives upon outcomes, as well as exploring rates
of attrition between trial arms. Continuous data on clinical
outcomes are often not normally distributed and extracted data
were explored for normality via presence of skew. This is done
by multiplying the standard deviation by two; if the mean is
smaller than this number, it suggests the data is skewed [36].
RevMan was used for calculating effect sizes and conducting
meta-analyses. Standard errors were transformed into standard
deviations by multiplying the standard error by the square root
of the sample size. If insufficient outcome data were reported
for extraction, those studies were not included in meta-analysis.
If studies reported more than one type of outcome measure for
specific outcomes of interest, the measure most aligned to
DSM-IV criteria for depressive and anxiety disorders was
selected for analysis. The Standardized Mean Difference (SMD)
is a version of effect size typically calculated in reviews and is
expressed as Hedges’g. SMDs were calculated for each included
study by subtracting the post-intervention mean of the
intervention condition from the post-intervention mean of the
comparison condition, and dividing this by the pooled standard
deviation from both conditions [37]. Use of SMD allows for
comparisons across included studies where they used different
psychometric measures to assess the same outcomes [38].
Inferences of Hedges’ g can be made using Cohen’s d
conventions as small (0.2), medium (0.5), and large (0.8) [39].

We anticipated included studies would be heterogeneous due
to the different types of preventative intervention and so would
differ on the baseline symptomology of participants. To help
account for the expected heterogeneity, Random Effects Models
(RAM) with 95% confidence intervals (CI) were applied
throughout analysis. RAM assumes that included studies are
trialed on different populations and so are calculating different

intervention effects [38,40]. The I2statistic was calculated to
explore heterogeneity and is expressed as a percentage indicating
its degree: 25% indicates low heterogeneity, 50% suggests
moderate, and 75% is a threshold marker for high heterogeneity
[41]. The Q statistic was also calculated and provides the
statistical significance of heterogeneity.

Results

Intervention Characteristics
The search yielded 17 studies. The symptomology measured
within trials were depression [28,42-52], anxiety [28,42-48,50],
stress [46,53-55], psychological distress [50,54,56], social
anxiety [52], and examination anxiety [57]. Some interventions
focused on general psychological well-being: improving
relationship functioning [43,44], decreasing elevated levels of
perfectionism [28,42], increasing students’ use of mindfulness
[54], improving international students’ social support,
acculturation, and hardiness [56], and increasing use of lucid
dreaming to help alleviate depression [51]. Of the studies, seven
trials were of three interventions conducted on separate samples;
therefore, there are 14 distinct interventions for review.
Multimedia Appendix 4 provides a summary of included
interventions.

A total of 11 trials were selective or indicated interventions,
where participants were included if they were screened for
specific aspects of mental health symptomology or other
psychological factors [28,42,45-50,53,55,57]. Inclusion criteria
included: elevated perfectionism [28,42], elevated stress [53,55],
minimal/mild symptoms of depression and anxiety [45,50],
low/moderate psychological distress [47], elevated anxiety
sensitivity [48], elevated psychological distress [49],
self-reported examination anxiety [57], and mild/moderate levels
of depression, anxiety, or stress [46]. Five trials were universal,
in which mental symptomology were not explicit inclusion
criteria; participants had to be in ≥4 month long romantic
relationships [43,44], be Indian international students [56], have
no lucid dreaming experience [51], or have access to an
Internet-connected computer [54]. One intervention was
treatment as participants met DSM-IV diagnostic criteria for
social anxiety [52]. It is difficult to decipher whether some
included trials discretely fitted the selective or indicated type.
Some studies recruited participants with minimal symptomology
or focused on other risk factors for depression and anxiety, such
as elevated perfectionism [28,42].

Of the studies, 11 contained two trial arms
[42,44-46,48,49,51,54-57], with five using three arms
[28,43,47,52,53], and one study with four arms [50]. Five trials
compared intervention to inactive (ie, no treatment or waitlist
control) and either an active control [53] or comparison
intervention [28,47,50,52], five trialed the intervention to an
active control [44,45,55-57], six trialed against inactive control
[42,46,48,49,51,54], and one compared intervention to a
comparison intervention and active control [43]. Further, 13
studies [28,42-50,52,55,57] trialed interventions based on CBT;
this included seven studies in which three interventions were
trialed on separate samples [28,42-44,47,49,50]. Other
interventions were based on mindfulness [54], stress
management theory and cognitive learning theory [53], and
lucid dreaming [51].

Location and Delivery of Intervention
The majority of interventions were delivered via a website or
university intranet (n=13) with four being offline computer
programs [43-45,55]. Five trials were delivered at a study site,
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eg, researcher-monitored computer lab [43-45,47,50,55], while
participants in six Internet-based interventions accessed the
intervention in their own location [48,49,52,53,56,57]. A total
of 14 trials had interventions with an modular/sectional format
[28,42-48,50,52,54-57] ranging from three [56] to 13 modules
[28,42]. The other trials coupled module-based (“MoodGym”)
and psycho-educational (“BluePages”) websites [49], provided
biweekly instruction via a website [51], and included a
psycho-educational stress management website [53]. The
intervention delivery period ranged from 2 [53,54] to 12 weeks
[42], with median length of 6 weeks. All studies reported
short-term outcomes (≤12 weeks) with measures usually
administered at the end of the trial. Five reported additional
follow-up at 6 months [46,48,53], 10 months [44], and 1 year
post-baseline [52]. Four Web-based interventions stated how
much time was required to spend accessing the intervention: at
least four 20-minute periods over 2 weeks [53]; 1 hour per week
over 3 weeks [47]; 30 minutes per week over 6 weeks [57]; and
5-7 days for each module [48]. The four computer-delivered
interventions took between 30 to 120 minutes [43-45,55] to
complete and were supplemented by weekly standardized
emails.

Use of Human Support in Interventions
Seven trials were classified as self-administered
[28,42,48,51-53,57], with nine being semi-guided
[43-47,50,54-56]. Participants in one trial received no reminders
but it was unsure if there was face-to-face/verbal contact
between researchers and participants [49]. For semi-guided
interventions, six trials involved sending standardized emails
periodically to encourage participants to complete the
intervention [54,56], or to remind participants about the
principles learned in the computer-based intervention [43-45,55].
Chiauzzi [53] sent reminder emails only if participants were
not accessing the intervention for the required duration. Two
trials featured weekly telephone or email-based support from a
“program coach” [46] or from the researchers [55] to help
participants complete the intervention or to prompt skills
practice. Six trials [43-45,47,50,55] were carried out at a study
site where a researcher was present to provide support and aid
participants’ familiarity with the intervention. One intervention
involved peer interaction via online forum [56]. Three offline
computer-delivered interventions involved a single session of
participant-computer interaction, supplemented with hard copies
of the presented material [43,44] or worksheets to complete
after experiencing a stressful encounter [45]. The additional
computer-delivered intervention was accessed weekly over 6
weeks and was supplemented with hard copies and a practice
version of the intervention on a USB flash drive for off-site
personal access [55].

Participant Characteristics
A total of 1795 participants consented and were randomized to
a trial arm. Sample sizes ranged from 38 [50] to 240 [53]. Four
trials had samples of ≥150 participants [45,49,51,53]. Overall,
1480 were explicitly included in analyses. Seven studies
explicitly stated analysis was conducted on participants who
completed pre-post intervention measures [28,42,45,48,55-57],
while eight studies conducted intention-to-treat [ITT] analyses

[44,46,47,49,50,52-54]. ITT was conducted through using
maximum likelihood estimation [44,46], mixed-models repeated
measures [49], mixed-models analysis [53], and by carrying
last observation forward [52,54]. One reported separate ITT,
completers, and compliers analyses [49]. Uncertainty about
types of analysis was present in two publications [43,51]; 12
publications provided information regarding participant
dropouts/withdrawals: dropout rates ranged from 7.2% [28] to
44.2% [54]. Five provided some reason for withdrawal; this
included not receiving response to researcher’s contact [44],
personal time constraints [42,48,52], personal reasons [42],
concerns about intervention efficacy [52], participants felt better
after receiving some intervention modules [52], and participant
requested face-to-face therapy instead [49].

The 10 studies describing their sample’s age range included
participants ranging from 17 to 51 years. In 15 trials,
participants’ mean age ranged from 18.37 to 28.2 years; their
mean age from these was 22.6 years. All studies recruited males
and females, with females being the majority in 15 studies.
Gender balance varied from 50% [55] to 88.46% [54] of the
sample being female. A total of 10 trials were conducted on
undergraduate populations [28,42-45,47,48,50,51,53], five on
both undergraduates and postgraduates [46,49,52,54,57], and
two on postgraduates only [55,56]. Psychology students were
overrepresented in the undergraduate studies with seven
recruiting psychology undergraduates only [28,42-45,48,50]
and another recruiting psychology and health sciences students
[47]. Likewise, seven trials reported use of course or financial
credit for participation [42-45,47,50,51,55]. The majority of
trials (n=7) were conducted in HEIs in the United States
[43-45,51,53,56], with three trials in Canada [28,42,46] and
Australia [47,48,50], two in the United Kingdom [54,57], one
in Spain [52] and Norway [49]. Further, 13 trials were conducted
within one HEI [28,42-45,47,48,50,51,54-57]; the others
recruited students at two [49,52], three [46], and six [53] HEIs.

Multimedia Use and Interactivity of Interventions
Limited information was provided regarding multimedia and
interactivity. Text was presented in all interventions, with the
use of images/graphics also reported [43,44,47-49,53,56].
Animation, music, and audio voiceovers were used in the
examination anxiety intervention [57], and the social anxiety
intervention utilized streaming of online videos to expose
participants to an anxiety-inducing situation [52]. MoodGym
[47,49,50] included interactive activities and an online
workbook. Recently published studies appeared to provide more
information on the presentation and interactivity of intervention
content. Day [46] reported each module was presented using a
range of videos, audio, pictures, and interactive activities.
Mindfulness was taught through text and videos, and participants
were able to choose to listen to either a male- or
female-delivered 10-minute audio of meditation instruction
[54]. SMART-OP [55] incorporated animation, videos, and text
to create a tailored user experience, as well as using game-like
interactive tasks.

Outcome Measures Used
A small number of established valid and reliable measures were
used to primarily measure depression, anxiety, psychological
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distress, and stress outcomes (see Table 1). Stress is an important
psychological well-being outcome given that students are faced
with several stressors during their studies and elevated stress
can increase the risk of developing mental health difficulties

[58]. All trials administered self-report measures to participants,
either through hard copy or through online administration. One
study administered the Trier Social Stress Test and measured
associated physiological stress responses [55].

Table 1. Outcome measures used for assessment of depression, anxiety, psychological distress, and stress in the included studies.

StressPsychological dis-
tress

DepressionAnxietyAuthor

DASS-21PSSjPHQ-4iK10hDASS-21CES-DgBDIfTAIeSADdDASS-21cBAIbASIa

✓✓✓✓Arpin-Cribbie
2012

✓✓Botella 2010

✓✓Braithwaite 2007

✓✓Braithwaite 2009

✓✓Cavanagh 2013

✓Chiauzzi 2008

✓✓Cukrowicz 2007

✓✓✓✓Day 2013

✓k✓✓✓Ellis 2011

✓lKanekar 2010

✓✓Kenardy 2003

✓Lintvedt 2011

✓Orbach 2007

✓✓✓Radhu 2012

✓Rose 2013

✓k✓✓✓Sethi 2010

✓Taitz 2011

aASI: Anxiety Sensitivity Inventory
bBAI: Beck Anxiety Inventory
cDASS-21: Depression Anxiety and Stress Scale – 21 item version
dSAD: Social Avoidance and Distress scale
eTAI: Test Anxiety Inventory
fBDI: Beck Depression Inventory
gCES-D: Center for Epidemiologic Studies Depression Scale
hK10: Kessler Distress Scale – 10 item version
iPHQ-4: Patient Health Questionnaire – 4 item version
jPSS: Perceived Stress Scale
kData from stress subscale of DASS-21 was not reported in the published article.
lShorter version of scale used to analyze data collected on K10.

Questionnaire Response Burden
Response burden reflects the amount of strain put on an
individual to complete measures; factors influencing burden
include length and intensity of measures and concentration
required to complete them [59]. Response burden is a factor to
consider in trials as participants typically complete a battery of
measures at baseline and post-intervention, and potentially at
more time-points during trials. Too many questions may increase
burden and result in greater attrition or lower response rates
[59]. We calculated the number of questions participants

completed by reviewing the measures within included
publications and totaling the approximated number of items
within administered measures. It was estimated the measurement
battery ranged from 25 [46] to 225 questions [42]. The estimated
median number of questions presented to participants was 75
items.

Participant Satisfaction/Evaluation With Intervention
Eight studies administered a form of participant evaluation
[46-49,53-55,57]. Included interventions were reported to be
highly useable [55], satisfactory [53], credible [48], and to be
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moderately-to-highly useful and helpful [46,47,49,54,57].
Cavanagh [54] directly asked participants if they felt the
intervention had been beneficial; the majority felt the
mindfulness intervention had at least some personal benefit.
Day’s intervention [46] underwent usability, efficiency, and
acceptability testing by university students prior to being trialed
[60].

Risk of Bias in Included Studies
We believed the risk of bias in included studies to be
moderate—this was mostly due to publications being unclear
or providing insufficient details (see Figure 2). All participants
were randomized but only six studies [28,43,46,49,54,57]
described their randomization method: a random number table
[28], a computer-generated randomization sequence
[43,46,49,54], and through tossing a coin [57]. Two studies
[43,56] did not explicitly state how many participants were in
each condition. It is viable to blind those collecting and/or
assessing outcome data, as blinding participants can be difficult

given the type of controls [14,31]. One study stated
single-blindedness of participants and provided post-intervention
evaluation of researchers’ non-blindedness [53]; another
reported single-blindedness of researcher collecting data [28].
Seven studies [28,42,45,48,55-57] explicitly did completers’
analyses—overall, 208 participants were not included in
analysis. Outcome data from three studies could not be extracted
due to not reporting participant numbers in each condition
[43,56], not reporting SD/standard error data [43,53], and
assessing outcome data using a shortened version of the measure
[56]. Gender balance is an issue as the majority of trials had
more female than male participants. Baseline symptomology is
also a potential source of bias for the review, as it may have
caused some difficulties comparing intervention effectiveness
in improving mental health outcomes. Trials varied in the level
of mental health-related symptomology they targeted at baseline;
some only recruited participants with minimal symptoms, while
others wanted those experiencing elevated symptoms.

Figure 2. Breakdown of each type of risk of bias identified in the included studies.

Distribution of the Reported Data
Six studies explicitly stated their data had been checked for
violations of assumptions of normality [28,45,49,53,55,57].
Two studies transformed skewed data for analysis to
approximate a normal distribution [53,55], while Orbach [57]
used non-parametric tests for skewed data. None of the included
studies appeared to provide alternative measures of central

tendency. Overall, there were 10 studies that reported skewed
post-intervention on at least one primary outcome measure of
interest [28,42,44-47,49,51,52,54].
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Meta-Analysis for Anxiety, Depression, and
Psychological Distress Outcomes
Outcome data relating to the mental health symptomology
measures was not extracted from three studies due to insufficient
data reporting [43,53,56]. Orbach’s trial [57] was excluded from
meta-analysis for anxiety outcomes, as test anxiety is considered
an “extreme” reaction to examinations and is distinct from
commonly diagnosable anxiety disorders [57]. Data regarding
participant attrition could be extracted from two of these studies
[53,57]. All mental health outcomes were continuous and
scale-based, and were extracted as endpoint average scores with
lower scores indicating fewer symptoms. Within the presented
analyses, negative SMD values support the intervention
condition.

Three analyses exploring intervention compared to inactive
control, intervention compared to active control, and intervention
compared to comparison intervention were conducted and are
reported separately. For each type of comparison, outcomes
relating to depression, anxiety, psychological distress, and stress
are separately reported. For each outcome within each
comparison, analyses are presented twofold: non-skewed data
were analyzed first, with a secondary sensitivity analysis
conducted to analyze skewed and non-skewed data on each
outcome. If skewed data were present in one trial arm but not
in the other, it was included in sensitivity analysis. Findings
within forest plots were subgrouped by the separate measures
used to measure each outcome in addition to calculation of an
overall pooled effect. On all presented forest plots (see Figures),
the bracketed letter before author name indicates their type: [U]
universal intervention, [I/S] indicated or selective intervention,
and [T] treatment intervention.

Web-Based or Computer-Delivered Intervention
Compared to Inactive Control
Seven trials used this trial arm comparison to investigate effects
of intervention upon anxiety outcomes. All trials were based
on CBT and include four separate trials of two interventions
[28,42,47,50]. Two trials reported non-skewed data—for these
there was no difference between intervention and control for
anxiety (n=93, 2 RCTs, pooled SMD −0.67, CI −1.59 to −0.25,

Z=1.43, P=.15; I2=66%, P=.09). Sensitivity analysis
incorporated an additional five studies reporting skewed data.

This analysis significantly favored the intervention (n=374, 7
RCTs, pooled SMD −0.56, CI −0.77 to −0.35, Z=5.19, P<.001;

I2=0%, P=.63; see Figure 3).

Nine trials that compared intervention to inactive control
reported depression outcomes. Eight trials had CBT-based
interventions and included five separate trials of two
interventions [28,42,47,49,50]. Three trials reported non-skewed
outcome data and significantly favored intervention (n=144, 3
RCTs, pooled SMD −0.67, CI −1.15 to −0.20, Z=2.77, P=.006;

I2=43%, P=.17). A separate sensitivity analysis included an
additional six studies reporting skewed data, with this analysis
significantly favoring intervention (n=712, 9 RCTs, pooled

SMD −0.43, CI −0.63 to −0.22, Z=4.06, P<.001; I2=39%, P=.11;
see Figure 4).

Two trials measured psychological distress, of which one
reported skewed data [54]. Cochrane Collaboration guidelines
suggest forest plots should not be produced for outcomes with
single studies [61]; therefore, findings from the single
non-skewed trial are presented in Multimedia Appendix 5. A
sensitivity analysis was performed to include the additional
study, which found no difference between intervention and
control (n=123, 2 RCTs, SMD −1.39, 95% CI −3.79 to 1.02,
Z=1.13, P=.26). Significantly high heterogeneity was present

(I2=92%, P<.001).

Three RCTs included an outcome measure of stress. For the
two studies reporting non-skewed data, there was significant
favorability for intervention (n=151, 2 RCTs, pooled SMD

−0.44, CI −0.77 to −0.12, Z=2.68, P=.007; I2=0%, P=.49). A
separate sensitivity analysis included the additional skewed
data, which significantly favored intervention (n=217, 3 RCTs,
pooled SMD −0.73, CI −1.27 to −0.19, Z=2.64, P=.008). A

significant high level of heterogeneity was present (I2=72%,
P=.03).

Looking at attrition rates, participants were significantly more
likely to leave the study early if they were randomly assigned
to receive intervention (n=999, 11 RCTs, OR 2.73, CI 1.56-4.76,

Z=3.54, P<.001; I2=30%, P=.20; Figure 5). A total of 118
(22.7%) left the intervention condition early, compared to 52
(10.8%) in the inactive control condition.
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Figure 3. Sensitivity analysis of post-intervention anxiety outcomes for intervention compared to inactive controls.

Figure 4. Sensitivity analysis of post-intervention depression outcomes for intervention compared to inactive controls.
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Figure 5. Attrition rates for intervention vs inactive control conditions.

Web-Based or Computer-Delivered Intervention
Compared to Active Control
There were seven trials that explicitly included an active control,
but only three reported their outcome data relating to mental
health outcomes of interest, or could not be included for reasons
previously described. Data relating to attrition could be extracted
from five of these trials. Two used the same active control in
which participants viewed computer-based materials that
provided descriptive information about depression and anxiety
[44,45].

Two trials compared intervention to active control in
investigating anxiety outcomes, both of which reported skewed
data. Sensitivity analysis did not favor either intervention or
active control (n=229, 2 RCTs, pooled SMD −0.18, CI −0.98

to 0.62, Z=0.45, P=.66). A high level of heterogeneity was

reported (I2=88%, P<.001). The same two trials also reported
depression outcomes [44,45], which again were skewed.
Sensitivity analysis did not support either condition (n=229, 2
RCTs, pooled SMD −0.28, CI −0.75 to 0.20, Z=1.14, P=.25;

I2=67%, P=.08).

Only one trial assessed psychological distress within the
intervention vs active control comparison [55]. It was not subject
to analysis due to being the sole study (see Multimedia
Appendix 5). There were no significant differences reported
between attrition in the two arms (n=555, 5 RCTs, OR 0.74, CI

0.39-1.40, Z=0.93, P=.35; I2=0%, P=.51; see Figure 6). A total
of 23 (8.2%) participants left the intervention condition early,
compared to 28 (10.1%) in the active controls.

Figure 6. Attrition rates for intervention vs. active control conditions.

Web-Based or Computer-Delivered Intervention
Compared to Comparison Intervention
Five trials compared the intervention to a comparison
intervention. Comparison interventions were a Web-based stress
management intervention [28], a face-to-face version of the
intervention [52], another computer-based CBT program [43],
and an online support group [47]. Sethi’s trial [50] compared
intervention to two comparison interventions consisting of
face-to-face CBT and this combined with MoodGym. The
face-to-face CBT was selected for this analysis to avoid
double-counting of the intervention condition’s data. Outcome
data from one trial could not be extracted for analysis [43],
resulting in four trials, which all reported depression and anxiety

outcomes, and included two trials of MoodGym [47,50].
Sensitivity analyses were conducted for both outcomes as only
one trial in each outcome reported non-skewed data (see
Multimedia Appendix 5). For anxiety, neither intervention nor
comparison were favored over each other (n=198, 4 RCTs,

pooled SMD −0.10, CI −0.39 to 0.18, Z=0.71, P=.48; I2=0%,
P=.90; see Figure 7). Likewise for depression outcomes neither
condition was favored (n=198, 4 RCTs, pooled SMD 0.33, CI
−0.43 to 1.09, Z=0.85, P=.40) (see Figure 8). There was a
significant high level of heterogeneity reported for depression

(I2=82%, P=.001). Only one study reported outcomes relating
to psychological distress (reported in Multimedia Appendix 5).
There were no differences between conditions in leaving the
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study early (n=194, 4 RCTs, OR 1.18, CI 0.02-60.23, Z=0.08,

P=.93; I2=0%, P=.51). All attrition from the main intervention

condition came from one study [52], wherein 32 participants
left the study early. Seven (8.6%) in the comparison intervention
condition left the study early.

Figure 7. Sensitivity analysis of post-intervention anxiety outcomes for intervention compared to comparison intervention.

Figure 8. Sensitivity analysis of post-intervention depression outcomes for intervention compared to comparison intervention.

Additional Analyses
Given some of the methodological issues identified in the
review, some additional sensitivity meta-analyses were
performed. More recent publications appeared to report greater
levels of methodological detail, possibly due to the research
field being more established. The CONSORT-EHEALTH
statement is a checklist providing a minimum list of
recommendations for reporting RCTs of Internet and
mobile-based interventions; it expands upon the previously

published CONSORT statement [31,62]. The publication of the
CONSORT-EHEALTH checklist was used as a benchmark for
comparing ‘older’ (published ≤2011) to ‘newer’ (≥2012)
publications. Included studies within the meta-analysis were
separated based on their year of publication. These analyses
could only be done for anxiety and depression outcomes in the
intervention vs inactive control and vs comparison intervention
comparisons due to low numbers of included trials and no
differences in the publication dates in other comparisons and
outcomes.
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For depression outcomes in intervention compared to inactive
control, a larger effect size was reported for more recent
publications (n=164, 3 RCTs, pooled SMD −0.63, CI −0.94 to

−0.31, Z=3.91, P<.001; I2=0%, P=.70), than for older
publications (n=548, 6 RCTs, pooled SMD −0.35, CI −0.60 to

−0.09, Z=2.64, P=.008; I2=47%, P=.09). For anxiety outcomes
in the same comparison, there was little variation in the effect
sizes and statistical significance in older (n=210, 4 RCTs, pooled

SMD −0.60, CI −0.95 to −0.25, Z=3.37, P<.001; I2=25%, P=.26)
and newer publications (n=164, 3 RCTs, pooled SMD −0.55,

CI −0.87 to −0.24, Z=3.46, P<.001; I2=0%, P=.84). For
depression and anxiety outcomes for intervention in contrast to
a comparison intervention, there was only one post-2012
publication; analysis of all studies in this outcome is reported
in the previous section. Looking at ≤2011 studies only, there
was no difference reported between intervention and comparison
for depression (n=143, 3 RCTs, pooled SMD 0.68, CI −0.33 to

1.69, Z=1.31, P=.19; I2=82%, P=.004) or anxiety (n=143, 3
RCTs, pooled SMD −0.05, CI −0.39 to 0.28, Z=0.30, P=.76

(I2=0%, P=.086).

Additional sensitivity analyses were also conducted to focus on
trials that rewarded course credits for participation. This was
not performed for the intervention vs active control comparison
as all studies within this rewarded credit. Looking at studies
that gave credit in the intervention vs inactive control
comparison, the intervention was supported in improving anxiety
outcomes (n=92, 3 RCTs, pooled SMD −0.75, CI −1.23 to

−0.28, Z=3.10, P=.002; I2=15%, P=.31) but not for depression
(n=267, 4 RCTs, pooled SMD −0.16, CI −0.41 to 0.08, Z=1.33,

P=.18; I2=0%, P=.44). For studies that did not reward credit,
intervention still supported anxiety (n=282, 4 RCTs, pooled

SMD −0.51, CI −0.75 to −0.26, Z=4.07, P<.001; I2=0%, P=.75)
and also supported depression (n=282, 5 RCTs, pooled SMD

−0.55, CI −0.78 to −0.32, Z=4.66, P<.001; I2=26%, P=.25).

For participants who received credit in the intervention vs
comparison intervention contrasts, neither condition was
supported for anxiety (n=45, 2 RCTs, pooled SMD 0.07, CI

−0.52 to 0.65, Z=0.22, P=.82; I2=0%, P=.80) or depression
(n=45, 2 RCTs, pooled SMD 1.13, CI −0.90 to 3.16, Z=1.09,

P=.27; I2=88%, P=.004). The same findings were repeated for
participants that did not receive credit, upon anxiety (n=153, 2
RCTs, pooled SMD −0.15, CI −0.48 to 0.17, Z=0.93, P=.35;

I2=0%, P=.73) and depression outcomes (n=153, 2 RCTs, pooled

SMD −0.16, CI −0.73 to 0.40, Z=0.57, P=.57; I2=65%, P=.09).

Discussion

Principal Findings
A total of 17 studies were retrieved for this review, of which
14 were entered into meta-analysis. The majority of studies
administered measures of both depression and anxiety (9/17,
53%), with two also measuring stress or psychological distress.
Two studies reported targeting depression alone, with the six
remaining studies reporting a mixture of outcomes. The majority
were Web-based trials (n=13) with four delivered via an offline

computer-delivered program. The review findings suggest
Web-based and computer-delivered interventions can produce
beneficial mental health outcomes in university students,
supporting previous reviews of Internet and computerized
interventions for depression and anxiety [14,16,40]. Our search
found several recent publications not reviewed previously [4],
which demonstrates the fast pace of publications in this field.

Findings demonstrated a difference in outcome data depending
on the type of analyses conducted. Non-skewed data alone did
not favor intervention in improving anxiety, but sensitivity
analysis favored intervention when compared to inactive control.
However, improvements in anxiety outcomes were not supported
when intervention was compared to active control or comparison
intervention. Similar findings were reported for depression
outcomes. Non-skewed data for intervention compared to
inactive control revealed a larger effect size (SMD −0.67) than
the sensitivity analysis (SMD −0.43), suggesting skewed data
can potentially affect the overall power of interventions. For
psychological distress, the data did not support the intervention.
The small number of studies, the different measures used, and
the type of intervention complicates interpretation of findings.
For stress, compared to inactive control, both meta-analyses
supported intervention, with a larger effect found for sensitivity
(SMD −0.73) than non-skewed analysis (−0.44). Similarly, the
heterogeneity went from 0% for non-skewed analysis to 70%
for sensitivity analysis, so this difference could be due to the
skewed data.

When compared to inactive control, interventions appeared to
be supported in improving outcomes apart from psychological
distress. When compared to active control and comparison
interventions, computer-delivered and Web-based interventions
were not significantly supported in improving depression or
anxiety. This was anticipated given that participants were still
actively doing something, compared to an inactive control [40].
Neither intervention nor comparison intervention were
significantly favored in meta-analysis, which may suggest some
equivalency in their effect upon improving anxiety and
depression outcomes. A reason this finding may have occurred
could be due to the type of comparison intervention used. Two
comparison interventions were face-to-face CBT, which is
representative of the kind of help university students would
typically receive for common mental health problems. Further
research comparing these technology-based interventions to
treatment-as-usual conditions would be beneficial in exploring
the viability of self-guided Internet-based interventions for
university students, and whether they have equivalency in
comparison to the therapies young people would usually receive.
Larger effect sizes within intervention vs inactive control
comparisons than intervention vs active control have been
reported previously in CCBT reviews [16,40]. Both active
controls were identical in their content; the lack of significant
effect found in the meta-analysis suggests neither intervention
nor active control were more advantageous in improving
outcomes. This finding may question what is the minimum level
of active control needed to produce positive change.

Moderate to high heterogeneity were reported for two of the
analyses comparing intervention against active control and
comparison intervention. This could be due to the type of
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comparison intervention or that differences in outcome data at
baseline affected post-intervention symptom improvement. Grist
and Cavanagh [16] identified type of control condition as being
a significant moderating factor explaining heterogeneity within
meta-analyses. In trials of CCBT, active controls often share
some commonalities with the experimental intervention; effect
sizes reported previously suggest CCBT can offer some
additional small benefits in improving psychological outcomes
[16]. A total of 13 studies involved CBT-based interventions,
which supports findings from previous CCBT reviews [14-17].
While this continues to provide strong support for CCBT,
research should explore what other evidence-based
psychological and psychotherapeutic theories can be adapted
to this medium [40]. It is difficult to determine which elements
of the intervention produced the most beneficial effects, and
there are many factors to consider, such as level of support,
intervention length, the number and content of modules, and
actual participant engagement.

Separating older and newer studies did appear to have an effect
upon the effect sizes for depression outcomes in intervention
vs inactive control comparisons, with a larger effect size found
for more recent publications. Within the same comparison, there
was little difference in effect sizes for anxiety, and separating
the studies did not appear to add any additional insight into
intervention vs comparison intervention analyses. These
contrasting findings may suggest research into Internet
interventions has somewhat strengthened over the years and
become more methodologically sound. However, these links
are tenuous given the small numbers of included trials within
the separate analyses.

Future trials within university student populations should
consider the effect of participant incentives and rewards upon
outcomes; given that students are typically financially strained,
outcomes in trials may differ from their real-world non-trial use
of interventions. Separate sensitivity analyses were conducted
to explore whether receiving participatory reward affected
outcomes. Within the intervention vs inactive control
comparison for anxiety, a larger effect size was reported for
studies that did reward credit (SMD −0.75) than for those that
did not (SMD −0.51). However, for depression the analysis did
not support intervention in studies that rewarded credit, whereas
those that did not use incentives reported a significant favoring
for intervention (SMD −0.55). Sensitivity analyses for rewards
within the intervention vs comparison intervention contrast
reported similar findings in line with the main meta-analysis.
The contrasting findings for this comparison do not allow us to
precisely conclude that rewarding participants does increase an
intervention’s efficacy, but incentives and rewards are a factor
to consider when disseminating trial findings. A meta-analysis
of Web-based surveys found that incentives for participation
increased individuals’ motivation to start and complete the
survey [63]. Similarly, college students who participated in an
incentive-based online intervention for weight loss reported that
financial rewards acted as a strong external motivator to lose
weight and achieve weekly goals, although they also commented
that the financial incentive did not influence their intrinsic
motivation to participate [64]. The majority of studies that
utilized participatory reward did so through providing course

credit. This may differ somewhat from financial incentives but
nonetheless requires consideration as students may place similar
personal value upon monetary and course credit rewards. Some
publications insufficiently reported their outcome data. Authors
should aim to provide a CONSORT-EHEALTH statement to
help report their interventions [31] so the design and content of
interventions can be viewed clearly. Authors in more recent
publications appeared to report more aspects of this checklist
in their respective publications.

Participant dropouts were reported in 12 studies; attrition is
common in these types of intervention trials [65,66]. Two studies
[50,54] had similar rationales for delivering their interventions
over a short timeframe—shorter interventions are associated
with increased engagement and retention of participants.
Baseline symptoms have been associated with attrition
rates—lower depressive symptoms were positively associated
with increased adherence to interventions in one review [65].
As some of the included interventions recruited participants
with minimal/mild symptomology, this is an issue to consider.
Only two trials assessed whether participants’ levels of
adherence affected their level of post-intervention improvement
upon mental health, in which no associations were found
[48,53]. With Internet-delivered interventions, it can be difficult
to assess participants’ levels of intervention engagement and
there may be variation in how participant engagement is defined
[31].

Participant attrition was more likely to occur in intervention
groups when compared to inactive control, with no association
found for comparisons to active control or comparison
intervention. This was found in a review of CCBT [16]. Grist
suggests the finding of no attrition differences in intervention
and active control groups indicates that attrition is common in
any active condition, whether it be the experimental intervention
or an active control, and is not just a consequence of receiving
CCBT. It may suggest some level of support is required to help
participants adhere to the intervention. Only a few trials
provided detail about participants’ reasons for dropping out.
Attrition has commonly been used as a proxy measure of
participant evaluation and attitudes towards CCBT [20,48].
Interventions that do not sufficiently engage or appeal to the
user may be more susceptible to dropout [48]. Interventions
could potentially show positive effects due to the unengaged
participants withdrawing from the study [57]; attrition may
partially account for this review’s positive findings. Seeking
participants’ reasons for disengaging from intervention is
important in helping identify factors affecting adherence.

Aside from Botella’s trial, which aimed to treat diagnosable
social phobia [52], none of the studies explored post-intervention
diagnosis of mental disorders. This is important as these
interventions are used as mental health prevention and
longitudinal follow-up would allow us to explore the
interventions’ preventative effects. Help-seeking intentions
and/or behaviors were not assessed through standardized
measures in any study; these interventions can subsequently
affect participants’help-seeking [40]. Over a third of participants
in one trial stated that as a result of the intervention they had
changed their behavior, which included seeking out more
information, trying self-help techniques described in the

J Med Internet Res 2014 | vol. 16 | iss. 5 |e130 | p.32http://www.jmir.org/2014/5/e130/
(page number not for citation purposes)

Davies et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


intervention, and supporting others [49]. It is understandable
that follow-up may be difficult in university students given the
transient nature of university life—students may change address
or leave higher education between post-intervention and
follow-up periods. The timing of conducting trials is important
given the fluctuating demands occurring during the academic
year. Only three studies reported when post-intervention
measures were administered; two of these were during
examination periods [44,49] and so improvements may also be
demonstrated during periods of high stress.

Just over half the interventions were semi-guided. Most of these
incorporated a strategy to maintain engagement and thereby
encourage adherence, such as using standardized reminders,
receiving the intervention at a study site, or support from a
non-therapeutic individual. We did not analyze whether there
were any differences in effects between semi-guided and
self-administered interventions, and cannot make assumptions
about the impact of human interaction upon intervention
effectiveness. A previous review found larger effect sizes for
self/un-guided interventions than ones involving guidance [16].

Two interventions [46,55] had a large amount of human contact
with participants. In both trials, participants received weekly
contact from researchers or from program coaches to support
them in completing the intervention. This kind of support
provides reduced training costs compared to interventions that
involve support from health care professionals, and as the
program coaches were students themselves, participants may
have found them relatable. Administration of trials in
researcher-monitored settings could have affected participants’
engagement with the intervention [14]. Johannson and
Andersson [34] found increased human therapeutic support
given to users was significantly associated with larger
intervention effects. There was limited evaluation regarding
participants’ perceptions about the beneficial or therapeutic
effects of human support, but nonetheless the amount of contact
participants had with another person could affect intervention
effectiveness.

Mental health outcomes were assessed using a small number
of well-established continuous measures aligned with diagnostic
criteria. This made comparisons in the meta-analysis less
complicated; however, having several measures can increase
statistical heterogeneity [67]. We attempted to counteract this
by investigating intervention effects by subgrouping each type
of measure within each outcome, and looking separately at the
overall pooled effect. By doing this, we could explore
measurement comparisons for each outcome, which did show
some variation in the different measures used for the same
outcomes.

The overwhelming presence of skewed data in the included
studies affected the quality of the available evidence. Skewed
data has been reported previously in a review of
computer-delivered interventions for reducing alcohol
consumption [68]. Almost all included studies reported the mean
and standard deviation from outcome measures, and none
reported alternative measures of central tendency. Only a
minority had transformed skewed data or used non-parametric
tests. The meta-analyses reported a vast quantity of

heterogeneity, which hinders their generalizability, and the
differences in the scoring range of measures may be a reason
why it occurred. For example, the two psychological distress
measures varied on their scoring range: the PHQ-4 (Patient
Health Questionnaire) was a brief measure where scores range
from 0 to 12, while scores on the K10 (Kessler Distress Scale)
range from 0 to 40. Large heterogeneity has been reported
previously in reviews of Internet-delivered and computer-based
interventions for depression [40,69]. Richards and Richardson
[69] suggest eligibility criteria can be a cause of heterogeneity.
This is possible given the variation in the baseline
symptomology eligibility criteria of included participants. Some
trials recruited participants experiencing minimal to moderate
levels of depression, anxiety, or stress [45-47,50]; within some
of the same analyses, there were participants who were included
if they were experiencing elevated symptoms [48,49]. This
variation in symptomology may affect the overall power of the
included interventions.

Small sample sizes were apparent. The smallest sample involved
38 participants, within which there were four arms, of which
two contained nine participants each [50]. There was limited
detail about power calculations to recruit appropriate sample
sizes. The forest plots show studies with smaller samples were
associated with larger confidence intervals and are less reliable
than larger samples. Coupling this with the considerable skew
means the findings need to be approached with caution.
Completers analysis may bias the calculated effectiveness of
interventions as these analyses are likely to produce larger
outcome effects [70]. ITT analysis helps avoid selection bias
that can occur if only those completing measures at all study
time-points are analyzed [71].

The use of participation reminders requires consideration.
Interventions trialed in the included studies may not have
reminders when administered in a non-trial context. Three
studies trialed MoodGym, a freely available online resource
that any member of the public can sign up to. In this context,
general public users do not receive reminders to complete the
intervention—unlike in two included studies [47,50] where
participants completed it in a monitored setting.

Funnel plots were briefly inspected to explore possible presence
of publication bias; these did not appear to show any unusual
asymmetry. This was approached with caution as funnel plot
asymmetry should ideally be used when ≥10 studies are in
analysis [72]. The majority of studies reported positive outcomes
on at least one relevant mental symptomology measure. We did
not include non-peer reviewed studies and so did not include
unpublished data. As reported previously by Farrer [4], not all
may have been designed for university students—instead they
were sampled to opportunistically trial out the intervention and
they may have some differences to the ideal target population.
Participants in some studies were already experiencing minimal
symptoms upon enrolment, meaning it is problematic to
determine how much of an effect the intervention had upon
reducing developmental risk of ill mental health. For example,
intervention participants in one trial [44] reported a mean
pre-post intervention decline of <3 points on the BDI (Beck
Depression Inventory); at baseline, participants were already
classified as having minimal depressive symptoms. It is difficult
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to address the significance of this small decrease in already
minimal symptomology, and the preventative effect of
interventions is further complicated by limited follow-up. No
studies assessed utilization of mental health services or diagnosis
of mental disorders as an outcome measure, making it difficult
to know if interventions reduced the risk of developing a mental
disorder or affected mental health service use. For the
meta-analyses, only post-intervention short-term data were used
due to limited long-term follow-up. We are unsure about the
long-term maintenance of improvements in outcomes.

Participants in seven studies received course or financial credit
for participation [42-45,47,50,51,55] and eight samples were
recruited from psychology degree courses. In sensitivity
analyses, one comparison for depression (interventions vs
inactive control) did not support the intervention, whereas it
did in the overall analysis. This may bias findings as those who
participated for credit are likely be different from students who
seek help without an reward incentive for doing so. Likewise
psychology students may be more knowledgeable about mental
health and the trial process, and thus more receptive to
interventions. However, the effects may be greater in students
who were not aware of the possibilities of CBT/evidence-based
approaches to improve mood. The overrepresentation of
psychology students may account for the gender imbalance in
recruitment [73]. Young male adults are frequently cited as
being less likely to seek out help for their mental health [74,75],
and it has been suggested Internet-based interventions could
reach out to men [75]. Researchers need to reach out to students
in other disciplines and also recruit more males to their trials.
Another factor to consider relates to the age range of
participants. Unlike Farrer [4], we did not have age as inclusion
criteria for the review. The average age calculated from 15
included studies was 22.6 years, and some samples included
older adults. This deviates from the traditional age range of
university students, and older students may have different mental
health needs than typically aged students. Given this, the
findings may not be fully generalizable to younger students.
Future research would benefit by focusing on sampling students
within the 18-25 year age range typical of student populations,
or consider age as a moderating factor of intervention
effectiveness within this population.

A moderate risk of bias was calculated mostly due to insufficient
details reported about trial methodology and outcome measures,
meaning we were unclear about several risk of bias outcomes.
Only a minority of studies reported their randomization method;
this has been reported previously in reviews of CCBT,
technology-based interventions, and interventions to improve
help-seeking and stigmatizing attitudes and beliefs in university
students [4,16,23,76]. Grading the blindness of participants in
included studies may be irrelevant given the nature of the types
of intervention and trial design [40]. Some studies insufficiently
reported their data, which affects the quality of the available
evidence. Reporting methodological factors, such as
randomization method, concealment, and the blinding of
research personnel, is essential to judging trial quality.
Researchers in this field are becoming more aware of using
CONSORT-EHEALTH guidelines in their publications [31],
which addresses several of these methodological factors.

While all included studies explored the statistical significance
of outcome data, only a few looked into whether improvements
were clinically significant. The few that calculated these found
intervention participants showed a higher level of reliable and
clinically significant improvement compared to controls
[28,46,52,57]. Calculating this provides additional value about
the recovery status of participants. It would also be useful to
explore whether the improvements reported in the outcome
measures correspond to participants’ perceptions, as there has
been disagreement between severity of symptoms reported on
a common depression measure and participants’ actual verbal
description of symptom severity [77]. This could be done by
asking them whether they felt the intervention helped their
mental well-being, and might help to address the apparent
overreliance on focusing on psychometric measures. One
qualitative study found students felt use of an online resource
helped them manage their mental well-being during periods of
psychological distress [78].

Implications for Practice
As the intervention vs comparison intervention analyses
suggested some level of equivalence in outcomes, individuals
working in student health, such as welfare advisors and
counsellors, may be considering online and technology-based
resources they can use to support their students. Some
universities do appear interested in using online resources, as
several British HEIs have incorporated Web-based interventions
into their welfare services, such as the “CALM/Relief” series
[79]. None of the included studies assessed whether these
interventions had outcomes upon students’ academic
performance. This is likely to be an important outcome for
policymakers given the reputation of their institutions. The best
improvements in mental health outcomes may be achieved by
combining self-help with face-to-face support [19].To help
address the increased demand for university-based counselling,
online resources could be used as a support tool by university
students while waiting to see a relevant professional [78].
Similarly, these resources could also be used as an adjunct by
students in between counselling appointments.

Implications for Research
Future research needs to consider sufficient sample sizes
required for trials, and address the skewed data present in
outcome data by either transforming it or using alternative tests.
Measurements of help-seeking intentions and behavior, as well
as aspects of mental health literacy, would be highly useful in
future research as online interventions are often promoted as
an alternative to seeking face-to-face help or preventing onset
of ill mental health [23]. Researchers would benefit from
collaborating with the student population to understand what
measurable outcomes are important to them; as these young
people are in higher education to obtain a qualification, it is
expected that academic performance and retention would be
salient outcomes. Mental health difficulties can significantly
impair students’ academic performance and social functioning;
future research should incorporate outcomes reflecting these
domains. Gaining user evaluation of interventions through
qualitative methods such as interviews and focus groups would
also be highly useful in attaining feedback to address the worth
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of the intervention and to make interventions more appropriate
for student needs [20].

Limitations
All studies were coded by one author (EBD) and were discussed
as necessary with CG. The use of one coder may have
unintentionally biased the results. There is the possibility that
relevant publications may have been missed in the search.
However, the search was conducted on several databases and
updated through a repeat search, as it had taken some time to
conduct the review. Likewise, Farrer’s review [4] was searched
for additional publications. For meta-analysis, we could not
extract data from three included trials, meaning the pool of data
from included interventions was smaller. Similarly for the
anxiety meta-analyses, measures that may reflect certain distinct
aspects of anxiety disorders, such as anxiety sensitivity and
social anxiety, were incorporated into one analysis for all anxiety
outcomes, which may also have induced bias. The studies
trialing the same three interventions had slight variation in how
they individually conducted and how participants accessed the
intervention. Lintvedt [49] coupled MoodGym with an
information-only website, meaning participants received
additional information not delivered in the other MoodGym
trials [47,50]. The type of intervention may have influenced the
reported heterogeneity. In their meta-analysis of
Internet-delivered CBT for depression and anxiety, Spek [14]
found higher heterogeneity in treatment interventions compared
to ones focused on prevention. For our review, there was only
one intervention that could clearly be defined as treatment;
however, there was variation in the type of universal and
selective/indicated interventions being trialed. The level of
human support and contact within included interventions is
another aspect affecting participant-intervention engagement,
which may have impacted effect sizes [14].

Trials of mobile apps for improving mental health outcomes
were not included in this review, as it was felt these were still
an emerging technology at the time. University students may
be a group likely to use apps as they also present many of the
same benefits as computer-based/Web-based interventions, but
could be more accessible given the popularity of smartphones
and tablets. Farrer’s review [4] was explored for app-based
interventions. A recent review of mental health apps for
smartphones/tablets found only five apps that had been trialed
[80], one of which was trialed on a student population [81].
However, as found with several in the present review, this trial’s
methodology and data were not reported clearly and it is unclear
whether the intervention was a smartphone app.

Several studies analyzed conducted completers analyses, which
may bias review findings as these analyses are likely to produce
larger outcome effects [70]. All interventions used different
content and multimedia, which could affect how much
participants interacted with the intervention and subsequently

their effectiveness [23]. It is difficult to know whether
improvements produced by both intervention and active control
conditions would have been maintained in the long-term due
to limited follow-up. Given that some active
controls/comparison interventions produced similar outcome
effects to the intervention being trialed, consideration is needed
regarding the minimum intervention needed to produce effective
change in outcomes. Use of active controls may result in
difficulty in understanding the true effect of the experimental
intervention upon outcomes [70].

Interventions from different theoretical approaches were
combined together for the meta-analysis. Limited numbers of
non-CBT trials meant separate analyses exploring different
approaches could not be conducted. Although there were only
a small number of non-CBT trials within meta-analyses, this
could potentially skew findings and so future reviews may want
to separately analyze outcomes based on the theoretical
underpinning of interventions. Random Effects Models were
used for all analyses; however, this may induce bias as it places
larger significance on smaller studies [82]. Many trials involved
small samples, meaning this bias may have occurred. Finally,
no-treatment control and wait-list controls were collapsed into
one comparison category (inactive control) for analysis. There
were seven trials using wait-list and four using a no-treatment
control. This could affect findings as those assigned to wait-list
control would have been expecting to receive intervention at
some point and may show improvements in their symptomology
due to expectation effects.

Conclusions
Overall, this review provides some cautious findings that suggest
online and computer-delivered interventions can potentially be
beneficial in improving depression, anxiety, and psychological
distress outcomes in university students. These interventions
are not a panacea for all, but do provide an easily implemented
health promotion and prevention strategy that can be easily
reached by university students. The benefits of these
interventions may potentially help HEIs in promoting good
mental health and well-being to its population and support
students’ academic performance [83]. However, trials in this
review did not assess students’ academic performance before
or after receiving intervention. The findings support the
effectiveness of the adaptation of CBT into self-guided,
Internet-delivered interventions. However, several
methodological shortcomings, including small sample sizes and
a large amount of skewed data, mean the findings need to be
treated with a high degree of caution. As concluded in a
meta-analysis of psycho-educational mental health interventions
[70], there needs to be more investigation into the factors
influencing intervention effectiveness. Further participant
feedback is encouraged to evaluate online and computer-based
interventions and to help further tailor interventions to university
student populations.
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Abstract

Background: Up to 9% of young people suffer from depression. Unfortunately, many in need of help remain untreated. The
Internet offers anonymous ways to help depressed youth, especially those who are reluctant to search for help because of fear of
stigma.

Objective: Our goal was to evaluate the effectiveness of an individual chat treatment based on Solution-Focused Brief Therapy
(SFBT) to young individuals aged 12-22 years with depressive symptoms by comparing it to a waiting list control group.

Methods: For this study, 263 young people with depressive symptoms were randomized to the Web-based SFBT intervention,
PratenOnline, or to a waiting list control condition. The chat treatment was delivered by trained professionals. Groups were
compared on depressive complaints as measured by the Center for Epidemiologic Studies Depression Scale (CES-D) after 9
weeks and 4.5 months. For the chat group only, changes in depressive symptoms at 7.5 months after baseline were explored.

Results: The experimental SFBT condition (n=131) showed significantly greater improvement than the waiting list condition
(n=132) in depressive symptoms at 9 weeks and 4.5 months on the CES-D, with a small between group effect size at 9 weeks
(d=0.18, 95% CI -0.10 to 0.47) and a large effect size at 4.5 months (d=0.79, 95% CI 0.45-1.08). The percentage of participants
showing a reliable and clinically significant change in depression was significantly larger for the SFBT intervention at 4.5 months
only (28.2% vs 11.4% for the waiting list, P<.001, number needed to treat=6). At 7.5 months, the SFBT group showed further
improvements. However, results have to be considered carefully because of high attrition rates.

Conclusions: The Web-based SFBT chat intervention of PratenOnline was more effective than a waiting list control group in
reducing depressive symptoms, and effects were larger at follow-up then at post-treatment. More studies are needed to find out
if outcomes will be replicated, especially for those younger than 18 year old.

Trial Registration: Netherlands Trial Register: NTR 1696; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1696
(Archived by WebCite at http://www.webcitation.org/6DspeYWrJ).

(J Med Internet Res 2014;16(5):e141)   doi:10.2196/jmir.3261
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Introduction

Background
Depression is among the most common mental health problems
in young people. About 5.6% of youth aged 13-18 [1], and 9%
of those aged 18-24 years [2] suffer from depression. Depression
early in life can have serious implications on social, educational,
and family functioning and is an important predictor of suicidal
behavior [3].

Despite the high prevalence of depression in youth and the
possible serious implications on their lives, depression in young
people is often unrecognized and undertreated [4]. Young people
are not inclined to seek help for depression, and referral to
treatment at mental health services is a bridge too far for most
of them [5]. Perceived stigma and concern about family member
responses are important barriers [6]. The reluctance of many
depressed young people to engage with mental health services
[7] highlights the importance of low threshold and easily
accessible interventions. The Internet offers such an opportunity.
The anonymity of the Internet reduces fear of stigma [8] and
fits well into the “digital lifestyle” of young people.

An increasing number of Web-based services and interventions
are available for children, adolescents, and young adults ranging
from self-help materials to online treatments. Research on youth
and young adults indicates that Web-based interventions can
be effective in reducing depressive complaints [9,10]. However,
outcomes of randomized controlled trials have had mixed results,
with some showing better outcomes compared to a waiting list
for males only [11], the whole sample [12], or compared to an
active control condition [13]. Some did not show significant
differences between group effects when compared to a waiting
list [14] or to an active treatment control group [15]. Most
studies focused on Cognitive Behavioral Therapy or Problem
Solving Therapy, but none of the studies on Web-based
treatments are based on Solution-Focused Brief Therapy (SFBT)
[16]. SFBT shifts the focus away from problem formation and
problem resolution, to participants’ future goals, strengths, and
resiliencies. In SFBT, a professional collaborates with the client
to look for solutions to obtain goals and strongly stresses the
client’s autonomy and competencies to achieve them. SFBT is
a widely used therapeutic approach in coaching, couples therapy,
and psychotherapy. According to several meta-analyses and
reviews, it has positive effects in a broad range of settings and
problem areas [17-21]. In the most recent and comprehensive
review, five studies focus on depression as an outcome [21].
One study focused on mildly depressed college students [22]
and found that one session of SFBT was as effective as one
session of interpersonal therapy with a significant decrease in
depressive symptoms. Other studies on SFBT with adult
populations showed that SFBT was related to a reduction of
depressive symptoms over time, and comparable outcomes to
short-term psychodynamic therapy [23], past-focused treatment
[24], common factors therapy [25], and a treatment based on
the Hazeldon model in a group of substance abusers [26]. None
of these studies were about Web-based interventions.

Current Study
In this paper, we present the results of a trial on a Web-based
anonymous SFBT chat intervention for depressed adolescents
and young adults aged 12-22 years. The trial was started after
a pilot study showed promising results: a positive evaluation
by participants and a decrease from pre- to post-intervention
with a large effect size (d=1.32) [27]. The trial was conducted
to find out if the SFBT chat intervention was effective in
reducing depressive symptoms compared to a waiting list control
group. To the best of our knowledge, no randomized controlled
trial has been published on the effectiveness of Web-based
treatments based on SFBT, in adolescents or adults.

Methods

Study Design
A randomized controlled trial with two parallel groups was
conducted to evaluate the effectiveness of the PratenOnline chat
intervention (Chat) by comparing it to a waiting list control
group (WL). This study was registered with the Netherlands
Trial Register (NTR 1696). Ethical approval was granted by an
independent medical ethics committee (Centrale Commissie
Mensgebonden Onderzoek, CCMO No. NL25219.097.08).

Study Population
Participants were young people with depressive symptoms who
fulfilled the following criteria: (1) 12-22 years of age, (2) had
access to a computer and Internet, (3) had a CES-D score of 22
or higher (the cut-off to detect possible cases of depression
among adolescents) [28], (4) gave informed consent, and (5)
completed a baseline questionnaire. Applicants were excluded
when there was an indication of suicidal ideation with intent
and plan as measured with an item of the Quick Inventory of
Depressive Symptomatology-Self rated (QIDS-SR) [29].

Recruitment
Participants for the study were recruited through articles in
newspapers, and banners and links placed on relevant websites
for youth and on Facebook. Young people interested in
participating were referred to the PratenOnline website for
information about the study and to fill in a screening
questionnaire to check the criteria for involvement. Those aged
12-17 years with a CES-D score of 22 or higher were invited
to fill in a Web-based informed consent form and baseline
questionnaire. Candidates younger than 18 years also needed
written parental consent. After inclusion, participants were
automatically randomized to one of two conditions: the
PratenOnline chat intervention (Chat) or the waiting list control
condition (WL). Random allocation was automated by a
computer program without interference of the intervention
supervisor or researcher. Participants were informed by email
of their allocation, and the Chat participants were asked to
schedule their first chat session via the intervention website.
During the study, the PratenOnline chat intervention was
exclusively accessible for applicants participating in the study.
Blinding of participants, therapists, and researchers was not
possible due to the design of this study. During the trial,
participants in both conditions were allowed to seek additional
help if they wished.
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The Intervention
The intervention is a brief Web-based Solution-Focused
synchronous chat intervention for young people aged 12-22
with depressive symptoms called PratenOnline (Talking online)
[30]. It is offered by a mental health care foundation for youth
in the Netherlands (Stichting Jeugdriagg Noord Holland Zuid)
and has been online since 2004. The chat consists of individual
real-time chat sessions with a trained health care professional
in a secured chat room. During the sessions, SFBT techniques
[31] are used by the therapist, starting with asking the “miracle”
question (ie, a question that asks the patient to envision and
describe how the future will be different when the problem is
gone), setting goals, looking for strengths or solutions, keeping
the focus on what is going well or better, giving compliments,
looking for exceptions to the problem, and asking the client to
indicate on scales from 1-10 what progress is made in obtaining
goals. At the end of each chat session, the participant decides
if their intervention goal has been reached. If not, a new chat
session is scheduled with the therapist. The intervention is
accessible anonymously, without cost for participants and
available during weekdays, (late) nights, and weekends. After
registration, the participant can choose three possible dates for
a chat with a therapist. The confirmation of the chat can be
found after logging in to the personal mailbox on the
intervention website. No reminders could be sent to an email
address outside of this secured environment because of
anonymity reasons. The chat intervention follows the principles
of SFBT [16] and is performed according to the guidelines of
the European Brief Therapy Association (EBTA; the EBTA
Solution Focused Practice Definitions [32]). A chat session
takes about one hour. The intention is to keep the number of
chats limited to five, but more sessions are delivered when
needed.

Conditions: The Waiting List
The waiting list (WL) group did not receive access to the chat
intervention. They could participate after the waiting period of
4.5 months.

Assessments
Assessments took place before randomization (baseline, t0), 9
weeks (t1), and 4.5 months after baseline (t2). At 7.5 months
after baseline (t3), a last follow-up measurement took place,
exclusively for participants in the Chat condition, to measure
effects at longer term. All assessments consisted of self-reported
Web-based questionnaires and took about 15 minutes to
complete. Email reminders were sent after 7 days if necessary.
To stimulate response, participants received a voucher of €10
for each completed questionnaire (t1, t2, and t3).

Primary Outcome Measure: Depressive Symptoms
Symptoms of depression in the past week were assessed with
the 20-item CES-D [33,34]. The total score ranges from 0-60,
with higher scores reflecting more depressive symptoms.
Construct validity and reliability of the CES‐D are well
established for the paper-and-pencil, computerized, and Internet
versions [28,35]. In our study, Cronbach alpha ranged from
.75-.81.

Additional Measures
At baseline, demographic characteristics (ie, sex, age,
educational level, daily activity, living situation, ethnic
background), duration of the psychological complaints (ie, how
long the current complaints had been present), and professional
help received ever before and at present were assessed. At t1,
professional help and use of medication were measured.
Attendance of chats was automatically measured by client Web
statistics.

Power
Originally, the trial was powered to detect clinically significant
health gains expressed as a standardized effect size of a medium
size (difference between groups of at least d=0.40) in a one-sided
test with an alpha of .05 and a power (1-beta) of .80. The results
reported in this paper, however, are based on more conservative
two-tailed tests.

Analyses
All analyses were performed on the intention-to-treat sample
with missing values imputed. The expectation-maximization
(EM) method was used to impute missing data. It imputes values
by maximum-likelihood estimation using the observed data in
an iterative process [36]. T tests, chi-square tests, and
non-parametric Mann-Whitney U tests (P<.05) were used to
assess whether the randomization had resulted in two
comparable groups at baseline and whether any differential loss
to follow-up had occurred. Logistic regression was used
(backward method) to find predictors of completing
questionnaires and attending chats in the Chat condition (0=no
chats, 1=one or more chats).

Change scores based on EM imputation were used to analyze
differences between groups at 9 weeks and 4.5 months (a
positive score means improvement). Variables on which
conditions differed significantly at baseline were regarded as
relevant confounders when causing a change of 10% in the
regression coefficient for condition when added to the regression
model [37]. While no relevant confounders were found, results
of independent samples t tests are shown.

As attrition was rather high, sensitivity analyses were run to
study the robustness of the estimates of EM imputation, using
the multiple imputation Predictive Mean Matching method
(PMM) in Stata (creating 100 datasets). PMM combines the
standard linear regression and the nearest-neighbor imputation
approaches. Predictors of outcome and missingness were taken
into account to impute missing CES-D outcomes. Analyses
were performed in a multiple imputation framework. Also data
of completers of questionnaires were analyzed.

Magnitudes of intervention effects were estimated using Cohen’s
d [38]. Within group effect sizes were first calculated for each
condition separately ((Mt0–Mt1) / SDt0) and subsequently the
between group effect size delta d by subtracting the effect size
of the WL group from that of the Chat group. For Cohen’s d,
an effect size of 0.2 to 0.3 may be regarded as a small effect,
around 0.5 as a medium effect, and 0.8 to infinity as a large
effect.
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The proportion of participants showing reliable and clinically
significant improvement [39] was defined by an improvement
of 5 points in combination with a score lower than 22 on the
CES-D (cut-off based on Cuijpers et al, 2008) [28]. Differences
between groups were tested with chi-square tests. The number
needed to treat was calculated as 1/success rate difference [40].

The change from baseline to 7.5 months (t3) was explored in
the Chat condition only by means of a one sample two-sided t
test, comparing the change in CES-D from baseline to 7.5
months.

The analyses were performed using SPSS (version 19.0) and
Stata (version 11.1).

Results

Participants
Participants were recruited from August 9, 2009, until January
24, 2010. Most participants were recruited via Internet (520/592,

87.8%). Others applied on advice of a person (61/592, 10.3%)
or after reading about it in a magazine or newspaper (11/592,
1.9%). Figure 1 shows the flow of participants through the trial.

Of the 592 young people who applied, 263 (44.4%) were
included in the study. Reasons for non-inclusion were lack of
informed consent (265/329, 80.5%), not completing the t0
questionnaire (39/329, 11.9%), and a CES-D depression score
lower than 22 (25/329, 7.6%). Only 10 (3.8%) participants
included were between 12 and 17 years of age (five assigned
to each arm). Of the 253 applicants between 12 and 17 years of
age, 243 were excluded, either because they did not return their
parents’ consent (227/243, 93.4%) or had a CES-D score lower
than 22 (16/243, 6.6%).

Figure 1. Flow of participants.

Demographic Characteristics Participants
Baseline demographic, psychosocial, and clinical characteristics
are shown in Table 1. Most participants were female (207/263,
78.7%). Over two thirds was still in school or studying (187/263,
71.1%). There were no differences between groups at baseline.

Also there were no differences between groups in professional

help received at t1 (χ2
1=0.30, P=.59) and t2 (χ2

1=0.07, P=.79)

or in the use of antidepressant medication at t1 (χ2
1=0.15,

P=.70) and t2 (χ2
1=0.02, P=.89).
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Table 1. Baseline characteristics (n=263).

StatisticsAll N=263WL n=132Chat n=131Characteristics

χ2
1=0.07, P=.79207 (78.7)103 (78.0)104 (79.4)Female, n (%)

t261=0.48, P=.4819.5 (1.7)19.6 (1.8)19.4 (1.6)Age, mean (SD)

χ2
1=0.00, P=.99Age groups, years, n (%)

10 (3.8)5 (3.8)5 (3.8)12-17

253 (96.2)127(96.2)126 (96.2)18-22

χ2
2=2.75, P=.25Education level a , n (%)

153 (58.2)78 (59.1)75 (57.3)Low

92 (35.0)42 (31.8)50 (38.2)Middle

18 (6.8)12 (9.1)6 (4.6)High

χ2
2=0.57, P=.75Daily activity, n (%)

187 (71.1)96 (72.7)91 (69.5)Student (high school)

40 (15.2)20 (15.2)20 (15.3)Paid job

36 (13.7)16 (12.1)20 (15.3)Other

χ2
3=0.66, P=.88Living situation, n (%)

160 (60.8)78 (59.1)82 (62.6)With parents

35 (13.3)17 (12.9)18 (13.7)With partner

33 (12.5)18 (13.6)15 (11.5)Alone

35 (13.3)19 (14.4)16 (12.2)With others

χ2
1=0.04, P=.85135 (51.3)67 (50.8)68 (51.9)Had professional help before, n (%)

χ2
1=1.82. P=.1844 (16.7)18 (13.6)26 (19.8)Had professional help at baseline, n (%)

χ2
1=1.85, P=.1731 (11.8)12 (9.1)19 (14.5)Ethnic backgroundb, n (%)

t261=-1.57, P=.120.61 (1.0)0.52 (0.8)0.70 (1.1)Duration psychological complaints in years, n (%)

t251.8=0.26, P=.7939.6 (7.9)39.7 (7.1)39.5 (8.6)CES-D depression score, mean (SD)

aEducation: lower=primary education or lower general secondary education, middle=intermediate vocational or high school, high=higher vocational
education or university.
bNon-western immigrants when one or both parents is born in Africa, Latin America, or Asia (including Turkey and excluding Indonesia, Japan, and
Dutch East Indies).

Attrition
A total of 42.2% (111/263) of the participants did not complete
t1, and 49.0% (129/263) did not complete t2. The groups did

not differ at t1 in returning completed questionnaires (χ2
1=0.03,

P=.86). Some statistically significant differences at baseline
were detected between participants who completed
measurements and those who did not. At t1, non-completers

were more often males (χ2
1=6.51, P=.01), lived with their

parents more often (χ2
1=7.17, P=.007), had a longer history of

mood problems (χ2
1=4.85, P=.03). At t2, non-completers were

more often in the Chat group (χ2
1=4.65, P=.03), were less often

at school or studying (χ2
1=4.42, P=.04), and had at baseline

more thoughts about suicide (χ2
1=6.01, P=.01). These results

indicate that loss to follow-up was not completely at random.

Assessment at 7.5 months (t3) was not completed by 61.8%
(81/131) in the Chat group. At t3, non-completers differed from
completers in depressive complaints at baseline: non-completers

more often had a score of 40 or higher on the CES-D (χ2
1=5.35,

P=.02).

Effect of the Intervention: Primary Outcome,
Depressive Symptoms
The results for the CES-D outcomes for the intention-to-treat
sample are depicted in Table 2, and mean CES-D scores per
measurement are shown in Figure 2. The results of t tests show
that depressive symptoms decreased significantly more in the
Chat condition from baseline to 9 weeks with a small between
group effect size (d=0.18, 95% CI -0.10 to 0.47) and from
baseline to 4.5 months with a large between group effect size
of d=0.79 (95% CI 0.45-1.08). The sensitivity analyses with
PMM imputed data showed significant differences between
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groups only at 4.5 months, with effect sizes a bit lower than the
EM outcomes, but of the same magnitude being again small at
9 weeks and large at 4.5 months. Results of the analyses
including only completers of questionnaires show significant

differences between groups at 4.5 months, with again a large
effect size in favor of the Chat condition. No significant
differences were found at 9 weeks.

Table 2. Means and estimates for depression score (CES-D) at 9 weeks (t1) and 4.5 months (t2) follow-up: intention-to-treat (EM imputation) and
completers only (CO) analysis.

Between group test of change scoresWLChat

P value, 2-sideddftΔdadMean (SD)NdMean (SD)N

39.74 (7.13)13239.49 (8.58)131T0

.0072612.700.181.0132.51 (9.68)1321.2029.20 (10.66)131T1 EM

<.0012616.390.790.9333.09 (9.69)1321.7224.86 (8.51)131T2 EM

.08151.81.780.160.9832.78 (12.95)1321.1329.78 (14.41)131T1 PMM

.001134.93.450.580.9532.99 (13.26)1321.5326.36 (14.81)131T2 PMM
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Figure 2. Means on CES-D per measurement for Chat (n=131) and WL (n=132) (EM-imputed data).

Depressive Symptoms at 7.5 Months in the Chat Group
At 7.5 months (t3), the mean CES-D score of the Chat group
was 20.31 (SD 10.06) showing a mean change of 19.18 points
since baseline (t130=17.40, P<.001) and a large within group
effect size of d=1.60 from baseline to 7.5 months. Figure 2
shows a graphical representation of CES-D outcomes.

Reliable and Clinical Change
At 9 weeks, 22.1% (29/131) participants in the Chat condition
and 13.6% (18/132) in the WL condition showed reliable and
clinically significant change. This difference between conditions

was not significant (χ2
1=3.24, P<.07). The number needed to

treat was 11.7. At 4.5 months, 28.2% (37/131) in the Chat group
and 11.4% (15/132) in the WL group showed a reliable and
clinically significant change. This between-group difference

was significant (χ2
1=11.81, P<.001) and yielded a number

needed to treat of 6.0. At 4.5 months, still 92 (70.2%)
participants in the Chat group and 116 (87.9%) in the WL group
scored 22 or higher on the CES-D, indicating they might still
have clinical depression.

Sessions Attended and Outcome
The number of sessions attended by the subjects in the Chat
condition is shown in Figure 3. The mean number of chats was
1.36 (SD 2.08), with on average 4.27 weeks (SD 6.27) between
the first and last chat session (range 0-27 weeks).

According to client Web statistics, 55.7% (73/131) logged into
the appointment system and 42.0% (55/131) actually had one
or more chats, and 58.0% (76/131) did not have any chats. At
t1 and t2, not all participants in the Chat condition had
completed their therapy (n=14 had chat sessions after t1 and
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n=6 after t2). There were no significant differences in changes
in depressive symptoms between those who attended at least 1
chat session and those who had none (at 9 weeks: d=1.22 vs
d=1.19, t129=-0.16, P=.88; at 4.5 months: d=1.59 vs d=1.79,
t129=0.87, P=.39). When those who did not chat in the Chat

condition were compared to the WL group, the non-chatters
(Chat) did not differ significantly from the WL group at 9 weeks
(d=1.19 vs d=1.01, t187.8=-1.07, P=.29), but they did show better
outcomes at 4.5 months (d=1.79 vs d=0.93, t206=-4.50, P<.001).

Figure 3. Number of chat sessions attended by percentages of participants (n=131).

Discussion

Principal Results
The present study shows considerable improvements in
depressive symptoms in both the Chat group and the waiting
list group over time, but more so for the SFBT chat group,
indicating it was more effective than the waiting list control
condition. Between group effect sizes were small at 9 weeks
(d=0.18) but increased after 4.5 months (d=0.79). At 7.5
months, the Chat condition showed further improvements. The
more favorable outcomes for the Chat condition were also
reflected in the significantly larger proportion of participants
showing a reliable and clinically significant improvement for
the Chat condition at 4.5 months, but not yet at 9 weeks. Despite
the improvements, a large group had not fully recovered at 4.5
months and more than 70% of the chat intervention group still
experienced depressive complaints above the cut-off
(CES-D≥22) indicating they might still be struggling with
depression.

Comparison With Other Work
There are no Web-based studies on SFBT interventions to
compare our results with, but effect sizes reported for offline
SFBT in the meta-analysis of Kim (2008) [19] are in the range
of d=0.13 to d=0.26. These studies were based on only a few
studies with limited numbers of participants. The study by Van
der Zanden et al (2012) [12] is the most similar in target group
and delivery of intervention: a chat intervention. Van der Zanden
et al studied the effectiveness of a Web-based structured
6-session group chat intervention, guided by professionals, for

young people aged 16-25 years, with mild to moderate
depressive complaints. The intervention consisted of 6 structured
sessions of CBT. As in our study, the group chat intervention
proved more effective than the waiting list condition, with a
large between group effect size at 3 months (d=0.94). The
proportion of participants with a reliable and clinically
significant change (based on the same criteria to define CES-D
changes) was 56%, which is twice as high as in our study (28%).
This difference in proportion of “recovered” participants might
relate to the lower baseline level of depressive complaints in
Van der Zanden’s study (mean 32.5 vs mean 39.6 in our study).
If there are fewer depressive complaints to start with, less
improvement is needed over time to reach the same threshold
of 22 on the CES-D. In both studies, it was found that
participants who did not chat displayed equal improvements to
those who did and that non-chatters improved more at follow-up
than the waiting list group. An explanation for this effect might
be that not starting or discontinuing treatment could mean that
participants experienced improvement and thought treatment
was no longer necessary, while participants with more persistent
depressive complaints started or continued treatment with hope
of obtaining relief. This might especially be the case in
treatments where treatment sessions are not fixed but determined
by the needs of patients [41].

When compared to outcomes of face-to-face treatments for
adolescents found in a meta-analytic review [42], the pre-post
intervention effect size for face-to-face treatments was nearly
the same (d=1.23) as the effect size found in our study at 9
weeks (d=1.20), and the between group follow-up effect size
of d=0.64 of face-to-face treatments was even a bit smaller than
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the effect size found in our study (d=0.79) at 4.5 months. This
shows that the PratenOnline chat intervention has effects that
match and even exceed those found in a meta-analysis on
face-to-face treatments for adolescents.

Limitations
In our study, attrition (ie, dropping out of the study) was high.
This is a phenomenon often observed in studies of Web-based
interventions both among adults and youngsters [43,44]. This
may have to do with the low threshold that makes it easy to
start, but also easy to stop. A consequence of the high attrition
rates is that a substantial number of missing observations had
to be imputed, and this may have influenced outcomes. Since
we do not know why attrition took place, it is hard to say if we
have overestimated or underestimated the effect of the chat
intervention. Results of our study, therefore, need to be
considered with caution. However, the sensitivity analyses and
completers only analyses show similar results to the
EM-imputed data analyses, providing some confidence in the
validity of the conclusions.

In our study, only 42% of those who had access to the Chat
intervention of PratenOnline made use of it, although 56% had
made an appointment for a chat. Limited adherence is not
uncommon in Web-based interventions [45,46], and different
factors can be of influence. These can be personal factors like
a lack of motivation or time, an improvement or deterioration
in mood, a need for face-to-face contact, or technological factors
like computer problems or a lack of Internet skills [47].

In the daily chat practice of PratenOnline, the age group of
12-17 years old is highly represented. In the trial, however, only
10 (3.8%) participants in that age group were included. The
major bottleneck to participate for this age group was the
parental consent that had to be provided by both parents in a
written consent form. Other studies also had problems with

recruitment because of parental consent [12,48], making it
difficult to get a handle on the effectiveness of Web-based
interventions for those younger than 18 years. This also means
we have to be careful in generalizing the results to young people
aged 12-17 years.

In our study, a waiting list control condition was used. This
might have effected the magnitude of the between group effect
sizes. As Clarke et al pointed out, “the between group effect
size is not just a function of the potency of the experimental
intervention but is also a function of the magnitude of change
observed in the control condition” (2009, page 231) [13]. Effect
sizes tend to be lower when a comparison with a “strong active”
intervention control condition is used [49]. But for progression
of research, both studies with no-active control conditions and
studies with active control conditions are necessary [13]. And
although the between group effect sizes might be affected by
the control group being a waiting list, the within group effects
of the Chat intervention are not expected to do so that much,
and these underpin the potential effects of the intervention.

Future Research Directions
As far as we know, this is the first study on a brief Web-based
Solution-Focused Intervention for young people with depressive
complaints. Despite the limitations of the present study, our
findings indicate that adolescents and young adults with
depressive symptoms can profit from access to the Web-based
SFBT chat treatment. Studies in this field are few, but this one
contributes to the evidence that Web-based interventions can
be effective. However, because of the limitations of the study,
more research is needed to find out if outcomes will be
replicated. Especially for young people under the age of 18,
more evidence is needed for the effectiveness of Web-based
SFBT. To make such studies successful, the major impediment
to include this age group needs to be tackled: the parental
consent.
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Abstract

Background: To promote well-being and health behaviors among adolescents, 2 interventions were implemented at 12 secondary
schools. Adolescents in the E-health4Uth group received Web-based tailored messages focused on their health behaviors and
well-being. Adolescents in the E-health4Uth and consultation group received the same tailored messages, but were subsequently
referred to a school nurse for a consultation if they were at risk of mental health problems.

Objective: This study evaluated the effect of E-health4Uth and E-health4Uth and consultation on well-being (ie, mental health
status and health-related quality of life) and health behaviors (ie, alcohol and drug use, smoking, safe sex).

Methods: A cluster randomized controlled trial was conducted among third- and fourth-year secondary school students (mean
age 15.9, SD 0.69). School classes (clusters) were randomly assigned to (1) E-health4Uth group, (2) E-health4Uth and consultation
group, or (3) control group (ie, care as usual). Adolescents completed a questionnaire at baseline and at 4-month follow-up
assessing alcohol consumption, smoking, drug use, condom use, mental health via the Strengths and Difficulties Questionnaire
(SDQ) and the Youth Self Report (YSR; only measured at follow-up), and health-related quality of life. Multilevel logistic,
ordinal, and linear regression analyses were used to reveal differences in health behavior and well-being between the intervention
groups and the control group at follow-up. Subsequently, it was explored whether demographics moderated the effects.

Results: Data from 1256 adolescents were analyzed. Compared to the control intervention, the E-health4Uth intervention, as a
standalone intervention, showed minor positive results in health-related quality of life (B=2.79, 95% CI 0.72-4.87) and condom
use during intercourse among adolescents of Dutch ethnicity (OR 3.59, 95% CI 1.71-7.55) not replicated in the E-health4Uth
and consultation group. The E-health4Uth and consultation intervention showed minor positive results in the mental health status
of adolescents (SDQ: B=−0.60, 95% CI −1.17 to −0.04), but a negative effect on drug use among boys (OR 0.36, 95% CI
0.13-0.96). In the subgroup of adolescents who were at risk of mental health problems at baseline (and referred for a consultation
with the nurse), the E-health4Uth and consultation group showed minor to moderate positive results in mental health status (SDQ:
B=−1.79, 95% CI −3.35 to −0.22; YSR: B=−9.11, 95% CI −17.52 to −0.71) and health-related quality of life (B=7.81, 95% CI
2.41-13.21) at follow-up compared to adolescents in the control group who were at risk of mental health problems at baseline.

Conclusions: Findings from this study support the use of the E-health4Uth and consultation intervention in promoting the
well-being of adolescents at risk of mental health problems. Future research is needed to further evaluate the effects of the
consultation as a standalone intervention, and the dual approach of further tailored eHealth messages and a consultation.
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Trial Registration: Nederlands Trial Register: NTR 3596; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=3596
(Archived by WebCite at http://www.webcitation.org/6PmgrPOuv).

(J Med Internet Res 2014;16(5):e143)   doi:10.2196/jmir.3163

KEYWORDS

adolescents; youth health care; eHealth; Internet; Web-based tailoring; consultation; randomized controlled trial; health promotion;
prevention

Introduction

Background
A high percentage of adolescents suffer from mental health
problems, and many health-risk behaviors, such as excessive
alcohol consumption, cigarette smoking, use of drugs, and
having unsafe sex, are acquired during adolescence [1]. These
mental health problems and health-risk behaviors often persist
into adulthood, thereby affecting not only current health but
also health later in life [2-4]. Given this, reducing the burden
of adolescent mental health problems and health-risk behaviors
is a major public health priority, one in which preventive youth
health care can play an important role.

Many countries have established preventive youth health care,
which refers to a variety of activities aimed at improving and
protecting the health, growth, and development of young people.
These activities include a system of child health care, which
serves children from birth through to 18 years. In the
Netherlands, all children and adolescents are invited by youth
health care organizations to attend regularly scheduled
preventive health consultations until the age of 13 years [5].
These consultations with a nurse or physician focus on growth,
development, health functioning, and behaviors of infants,
children, and adolescents. Furthermore, the consultations are
funded by the government, are free of charge, and take place at
the preventive youth health care center or at school. Given the
rapid rate of maturation in adolescence and the mental health
problems and health-risk behaviors associated with this
developmental period, the government in the Netherlands
encourages an additional preventive health consultation at age
15-16 years [6].

Previous research shows the use of Web-based applications for
delivering tailored preventive messages in current preventive
youth health care practice to be a promising development [7-9].
Web-based tailoring is a health education technique that enables
the adaptation of information to individual characteristics.
Web-based tailored messages eliminate (as far as possible)
information that is not personally relevant [10,11] and are,
therefore, more likely to be effective in changing behavior
compared to nontailored messages [11]. Additionally, they
facilitate the enhanced efficiency of face-to-face consultations
by collecting information on adolescents’ health before the
consultation, which a professional can use during the
consultation [7,12,13].

To promote well-being and health behaviors among adolescents,
2 interventions using Web-based tailored messages
(E-health4Uth and E-health4Uth and consultation) were
implemented in a preventive youth health care setting. The

Web-based tailored messages focused on topics related to
health-risk behaviors (eg, alcohol consumption, smoking) and
well-being (eg, mental health status, suicidal thoughts). Both
interventions used the same Web-based tailored messages, which
were developed for adolescents (aged 12-18 years) in an earlier
study [14]. In the E-health4Uth and consultation group,
adolescents who were at risk of mental health problems were
also referred to a school nurse for a consultation. Consequently,
the intervention in this subgroup was more extensive. To
facilitate communication during the consultations [7], the nurses
received information regarding the adolescents’ well-being and
health behaviors from the E-health4Uth tool, with the
adolescents’ knowledge. A first investigation showed that the
Web-based tailored messages and additional consultation were
positively experienced by the adolescents and nurses alike [15].
However, the effectiveness of these interventions are currently
unknown.

Objective of the Study
This study evaluates the effect of E-health4Uth and
E-health4Uth and consultation on well-being (ie, mental health
status and health-related quality of life) and health behaviors
(ie, alcohol and drug use, smoking, safe sex) as applied by
preventive youth health care in secondary schools. The
hypotheses of the study are twofold. First, it is expected that
adolescents in the E-health4Uth group will show a higher level
of well-being and less risky behavior at 4-month follow-up
compared to the control group (ie, care as usual). Second, it is
expected that adolescents in the E-health4Uth and consultation
group will show a higher level of well-being and less risky
behavior (alcohol and drug use, smoking, safe sex) at 4-month
follow-up compared to the control group (ie, care as usual). In
addition, to gain more insight into the combined effect of
E-health4Uth with a consultation, we assessed effects on
well-being in the subgroup of adolescents’ at risk of mental
health problems at baseline, because only these adolescents
were invited for a consultation with the nurse.

Methods

Study Design
A 3-armed cluster randomized controlled trial (RCT) was
conducted from September 2012 to May 2013 with
measurements at baseline and 4 months after the baseline
measurement (trial registration: Current Controlled Trials
NTR3596). The interventions were applied by preventive youth
health care in secondary schools. School classes (clusters) were
randomly assigned to one of the study arms (ie, E-health4Uth,
E-health4Uth and consultation, control group). School classes
were the unit of randomization because randomization at the
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individual level (ie, the level of the adolescents) can lead to
contamination of the control group [16]. A computer-generated
list of random numbers was used to allocate the school classes
(clusters) to one of the study arms. The randomization sequence
was stratified with a 1:1:1 allocation using random block sizes
of 3. This list was prepared by an investigator with no
involvement in the trial and was applied by the researchers. The
research proposal was reviewed by the Daily Board of the
Medical Ethical Committee of Erasmus MC. As a result of this
review, the Committee declared that the Medical Research
Involving Human Subjects Act (also known by its Dutch
abbreviation WMO) did not apply to this research proposal.
The Medical Ethical Committee had no objection to the
execution of this research proposal (MEC-2012-337). Further
details about the study design and the interventions are provided
in a design paper published elsewhere [17].

Participants and Procedures
Two youth health care organizations in the Dutch cities of
Dordrecht and Zwijndrecht participated in this study and
conducted the interventions in secondary schools. Of the 14
secondary schools invited by the youth health care organizations
to participate in the study, 12 agreed and provided a total of 11
classes of third-year students (2 schools) and 75 classes of

fourth-year students (10 schools). In the Netherlands,
adolescents in the third and fourth years of secondary school
are on average 15-16 years of age.

A few weeks before the start of the study, all adolescents and
parents received information about the study. If parents did not
want their child to participate, they could object to their child’s
participation. Adolescents were asked to provide written consent
before they completed the baseline questionnaire. Of the 1989
eligible adolescents, 1702 (85.57%) participated: 533 (84.7%)
in the E-health4Uth group, 554 (84.2%) in the E-health4Uth
and consultation group, and 615 (87.6%) in the control group
(Figure 1). The main reason for nonparticipation was absence,
primarily because of illness. Furthermore, 29 parents refused
their child’s participation and 24 adolescents refused
participation themselves.

At 4-month follow-up, 3 schools did not schedule the follow-up
classroom assessments for all or several classes (missing data
from 14 classes). At the remaining schools, 135 adolescents
were absent at follow-up. In total, 1256 adolescents participated
at 4-month follow-up (73.79%): 392 of 533 in the E-health4Uth
group (73.5%), 430 of 554 in the E-health4Uth and consultation
group (77.6%), and 434 of 615 in the control group (70.6%).

Figure 1. Flowchart of adolescents’ participation.

The E-health4Uth Intervention
During one classroom session (approximately 45 min),
adolescents completed a self-report questionnaire via the Internet
to assess health-risk behavior and well-being with respect to
the following topics: alcohol consumption, drug use, smoking,
sexual behavior, bullying, mental health status, suicidal thoughts,
suicide attempts, and unpleasant sexual experiences (Multimedia
Appendix 1). This questionnaire served as a basis to tailor the
messages, but also as a baseline measurement for the effect
evaluation. The questionnaire was constructed based on several
existing instruments used by municipal public health services
and health institutes [18]. Consensus on the use of these
instruments was established by the National Institute for Public
Health and Environment (RIVM), the Dutch association for
residential and homecare organizations and infant and child
health clinics (Actiz), and the Association of Municipal Public
Health Services in the Netherlands (GGD Nederland).

After completing the questionnaire, the participants were
presented with a message of approximately the same length for
each topic (see Figure 2 for an example of a message on one
topic). We used Web-based tailored messages that were
developed for adolescents (aged 12-18 years) and applied in an
earlier study [14]. The messages were developed by the
Department of Health Promotion and Health Education of the
University of Maastricht. The messages were tailored to the
answers given in the questionnaire. Tailored feedback is more
useful in motivating people to perform the desired behaviors
than nontailored feedback [11]. It also provides the opportunity
to give normative feedback (ie a comparison between individual
responses and the health norms) and positive feedback to
reinforce desired states, both of which were used in this study.

For each topic, a score was computed which was compared with
the Dutch health norms for adolescents [14,18,19]. Based on
this score, a message was immediately presented on the screen
that reflected the person’s current behavior or well-being in
relation to the Dutch health norm, and the adolescent was offered
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advice to change unhealthy behavior and/or to talk to a person
of trust (Figure 2). The messages were displayed in red, orange,
or green, indicating unhealthy behavior, behavior just below
the norm, or behavior meeting the Dutch health norm,
respectively. The topics on well-being were always displayed
in blue.

With links to relevant websites, adolescents were encouraged
to read more information on the topics. At the end of the
program, adolescents were invited to follow the Facebook page
of E-health4Uth to find more information on the topics.
Additionally, adolescents could check a box for a self-referral
to the nurse or could send an email to the nurse. After 1 month,
adolescents received a reminder of the tailored messages by
email.

Figure 2. Screenshot of the Web-based tailored messages. This message was presented to adolescents who answered that they have had unsafe sex
(left-most tab). The message is displayed in red, indicating unhealthy behavior. The messages on the other topics are presented when clicking on the
other (colored) tabs.

The E-health4Uth and Consultation Intervention
During a classroom session, adolescents in the E-health4Uth
and consultation group completed the same questionnaire and
received the same intervention as that applied in the
E-health4Uth--only group. Additionally, adolescents at risk of
mental health problems were invited for a consultation with the
nurse. Adolescents were classified as at risk of mental health
problems when their score on the total problem scale of the
Strengths and Difficulties Questionnaire (SDQ) was higher than
16, and/or their score on the SDQ for emotional problems was
higher than 5, and/or they reported having suicidal thoughts
occasionally or more frequently (or did not want to answer this
question), and/or they reported a suicide attempt within the past
year (or did not want to answer this question) [17].

The consultation took place at school and was provided by
school nurses who were already working at the schools and who
had already provided consultations to adolescents at
approximately 13 years of age. These nurses were trained to
apply motivational interviewing with adolescents at age 15-16
years. They received the results of the assessment for each
referred adolescent before the consultation. During the

consultation, the nurses focused on specific risk areas and on
mental health in particular. Furthermore, they either initiated a
further consultation with themselves or referred adolescents to
another professional if they deemed this necessary.

Control Group
Adolescents in the control group completed the same
questionnaire assessing health-risk behaviors and well-being
as adolescents in the intervention groups, with the exception of
the questions on unpleasant sexual experience, suicidal thoughts,
and suicidal attempts, because these questions were used only
to tailor the messages in the intervention group, not as
measurements to assess the effectiveness of the interventions
[17]. Adolescents in the control group received no messages
afterwards based on their scores.

Measures

Overview
The primary outcomes of the study were adolescents’ health
behaviors (ie, alcohol and drug use, smoking, safe sex) and
mental health status. The secondary outcome of the study was
health-related quality of life. The self-report questionnaire, used
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to tailor the eHealth messages in the 2 intervention groups, also
served as the baseline questionnaire.

Health Behaviors
The questionnaire used to assess health behaviors was based
on existing instruments previously developed by municipal
public health services and health institutes in the Netherlands
[18]. This questionnaire was administered at baseline and at
4-month follow-up. In this questionnaire, the frequency of
alcohol consumption, smoking, drug use, and condom use were
assessed on ordinal scales. Alcohol consumption was covered
by 2 items: (1) how often did you drink 5 or more drinks on 1
occasion in the past 4 weeks (never to 9 or more times), and (2)
how often have you been drunk or tipsy in the past 4 weeks
(never to 20 or more times).

Drugs use was assessed by how often the adolescent had used
drugs in the past 4 weeks (never to 20 or more times), smoking
by how often the adolescent currently smokes (not at all to every
day), and condom use by how often the adolescent had used
condoms during intercourse (never to always). This last question
was only presented if it was applicable (ie, when an adolescent
had answered he/she was sexually active).

Well-Being
Mental health status was assessed by the Strengths and
Difficulties Questionnaire (SDQ) [20,21] and the Youth Self
Report (YSR) [22]. The SDQ consists of 25 items describing
positive and negative attributes of adolescents that can be
allocated to 5 subscales of 5 items each: the emotional problems,
the conduct problems, the hyperactivity-inattention, the peer
problems, and the prosocial behavior subscales. Each item is
scored on a 3-point scale (0=not true, 1=somewhat true, and
2=certainly true). A total difficulties score is calculated by
summing the scores for the emotional problems, conduct
problems, hyperactivity-inattention, and peer problems subscales
(range 0-40). The YSR comprises 119 items addressing
emotional and behavioral problems of adolescents. Respondents
have to indicate on 3-point scales to which extent each item
applies to him/her (0=not, 1=sometimes, or 2=often). A total
score is calculated by summing the scores on all items (range
0-210).

Health-related quality of life was measured at baseline and at
4-month follow-up by 4 items of the general health perceptions
scale of the Child Health Questionnaire-Child Form
(CHQ-CF-GH4) [23]. One item is scored on a 5-point scale of
1=excellent, 2=very good, 3=good, 4=moderate, 5=bad and 3
items are scored on a 5-point scale of 1=true, 2=usually true,
3=do not know, 4=usually not true, 5=not true. A total score is
calculated by weighing the scores and summing the weighed
scores for all items (range 0-100).

The SDQ and CHQ-CF-GH4 were administered at baseline and
at 4-month follow-up. The YSR was administered only at
4-month follow-up to reduce respondent burden at baseline. At
baseline, adolescents also received the E-health4Uth messages
after the questionnaires.

Demographics
Age (assessed by date of birth), gender, country of birth of the
adolescent and both parents, and the level of education that the
adolescents attended were assessed in the baseline questionnaire.
In the Netherlands, a distinction is made in the levels of
education adolescents attend at secondary schools. Lower levels
of education are referred to as vocational training and higher
levels of education are referred to as preuniversity education.
Ethnicity was classified as Dutch or non-Dutch, in accordance
with the definitions of Statistics Netherlands [24]; adolescents
with at least 1 parent born outside the Netherlands were
classified as non-Dutch.

Statistical Analysis
Descriptive statistics were used to describe the characteristics
of adolescents in the 3 study conditions. Differences between
each of the intervention conditions and the control condition,
as measured at baseline, were tested with independent sample
t tests (continuous variables), Mann-Whitney U tests (ordinal
variables), and chi-square tests (categorical variables). The
effectiveness of E-health4Uth and E-health4Uth and consultation
was investigated by means of multilevel logistic (categorical
variables), ordinal (ordinal variable), and linear (continuous
variables) regression analyses. Multilevel analysis adjusts for
clusters (ie, classes) by taking the dependency between
observations of adolescents from the same class into account.
For the multilevel linear regression analyses, a bootstrapping
method was used [25]. This method deals with data that are
skewed, as is often the case with data on well-being and in this
study. All regression analyses were adjusted for demographic
factors that significantly differed between each of the
intervention conditions and the control condition. All regression
analyses were also adjusted for the baseline value of each
outcome, with the exception of the YSR because this
questionnaire was only assessed at follow-up. Therefore, the
results of the YSR analyses were only adjusted for demographic
factors that significantly differed between each of the
intervention conditions and the control condition. However,
exploratory analyses showed that when adjusting for the baseline
value of the SDQ, which assesses a similar concept (mental
health) as the YSR [21], similar results were obtained in the
YSR analyses as when not adjusting for the SDQ baseline value.

To gain more insight into the combined effect of E-health4Uth
with a consultation, we tested the effects on well-being in the
subgroup of adolescents at risk of mental health problems at
baseline because only these adolescents were referred for a
consultation with the nurse. The effectiveness was tested by
means of multilevel linear regression analyses (with a bootstrap
procedure). The subgroup consisted of those with a score on
the SDQ of >16 or a score of >5 on the emotional problems
subscale of the SDQ [17]. Suicidal thoughts and suicide attempts
could not be used to classify adolescents at risk of mental health
problems at baseline because suicidal thoughts and suicide
attempts were not assessed in the control group. These questions
were not administered in this group because this group did not
receive an intervention in which these concerns were addressed.

Subsequently, it was explored whether gender, ethnicity, or
level of education moderated the effects of E-health4Uth and
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E-health4Uth and consultation on health behaviors and
well-being. This was done by adding an intervention dummy ×
demographic factor interaction term to the regression analyses.
If the interaction term was significant at P<.05, a stratified
analysis was conducted.

Participants were analyzed in the groups to which they had been
randomized, regardless of whether they received the allocated
intervention or not (eg, not attending consultation after an
invitation). Each analysis of the effectiveness of the intervention
was performed on the follow-up data that was available on the
outcome concerned. The multilevel regression analyses were
performed in Stata 13.0 (StataCorp LP, College Station, TX,
USA). Other analyses were performed in SPSS 21.0 (IBM Corp,
Armonk, NY, USA). The significance level was set at .05 and
tests were 2-sided. To indicate the clinical significance of any
benefits of the interventions, we also report odds ratios (OR)
for categorical and ordinal outcomes and Cohen’s d (d) for
continuous outcomes.

Results

Nonresponse Analysis
Chi-square tests and t tests were conducted to compare
adolescents participating at follow-up with adolescents not
participating at follow-up. Participating at follow-up (yes/no)
was used as the dependent variable and gender, age, education,

ethnicity, and study condition as independent variables. Group
differences were found for gender, age, education, ethnicity,
and study condition, with the adolescents not participating at

follow-up more often being female (χ2
1=4.1, P=.04), older

(t680=6.69, P<.001), lower educated (χ2
1=20.0, P<.001), of

non-Dutch ethnicity (χ2
1=64.7, P<.001), and allocated to the

control group instead of the E-health4Uth and consultation

group (χ2
1=7.5, P=.006).

Adolescents’ Characteristics
The average age of the adolescents in this study was 15.9 years
(SD 0.69); 54.70% (687/1256) of the sample consisted of boys,
76.19% (957/1256 were of Dutch ethnicity, 50.48% (634/1256)
attended vocational training, and 49.52% (622/1256)
preuniversity education. Table 1 shows general characteristics
and baseline health behaviors and well-being of adolescents in
the 3 study conditions. At baseline, a lower percentage of
adolescents in the E-health4Uth group had used drugs in the
past 4 weeks compared to adolescents in the control group (4.6%
vs 8.1%; P<.04). Further, adolescents in the E-health4Uth and
consultation group were significantly younger than adolescents
in the control group (mean 15.95, SD 0.70 vs mean 15.79, SD
0.66; P<.001). Therefore, all analyses evaluating the
effectiveness of E-health4Uth and consultation were adjusted
for age.
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Table 1. General characteristics and baseline health behaviors and well-being of adolescents for the intervention groups and control group (N=1256).

P valueControl

n=434

E-health4Uth +
consult

n=430

E-health4Uth

n=392

Characteristics

E-health4Uth + con-
sult vs control

E-health4Uth vs
control

252627Number of school classes

<.001a.2815.79 (0.66)15.95 (0.70)15.84 (0.70)Age (years), mean (SD)

Gender, n (%)

.17b.11223 (51.4)241 (56.0)223 (56.9)Male

211 (48.6)189 (44.0)169 (43.1)Female

Ethnicity, n (%)

.81b.15326 (75.1)320 (74.4)311 (79.3)Dutch

108 (24.9)110 (25.6)81 (20.7)Non-Dutch

Educational level, n (%)

.15b.97212 (48.8)231 (53.7)191 (48.7)Vocational training

222 (51.2)199 (46.3)201 (51.3)Preuniversity

Alcohol consumption

5 or more drinks on 1 occasion in the past 4 weeks, n (%)

.20c.48c292 (67.6)272 (63.4)255 (65.1)0 times

62 (14.4)69 (16.1)962 (15.8)1 times

34 (7.9)36 (8.4)36 (9.2)2 times

29 (6.7)35 (8.2)22 (5.6)3-4 times

15 (3.5)17 (4.0)17 (4.3)5 or more times

Have been drunk or tipsy in the past 4 weeks, n (%)

.30c.28c333 (77.1)318 (74.1)290 (74.0)0 times

53 (12.3)60 (14.0)54 (13.8)1 times

24 (5.6)22 (5.1)21 (5.4)2 times

22 (5.1)29 (6.8)27 (6.9)3 or more times

Smoking, n (%)

.92c.39c352 (81.5)352 (82.1)329 (83.9)No

19 (4.4)16 (3.7)13 (3.3)Less than once a week

20 (4.6)14 (3.3)15 (3.8)At least once a week, but not every day

41 (9.5)47 (11.0)35 (8.9)Every day

Drug use (past 4 weeks), n (%)

.31b.04b397 (91.9)402 (93.7)274 (95.4)0 times

35 (8.1)27 (6.3)18 (4.6)1 or more times

Condom use during intercourse (n=324), n (%)

.55c.50c49 (51.0)68 (52.3)52 (53.1)Always

15 (15.6)25 (19.2)21 (21.4)Usually

18 (18.8)25 (19.2)14 (14.3)Sometimes/almost never

14.6 (14)12 (9.2)11 (11.2)Never

Well-being, mean (SD) d
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P valueControl

n=434

E-health4Uth +
consult

n=430

E-health4Uth

n=392

Characteristics

E-health4Uth + con-
sult vs control

E-health4Uth vs
control

.67a.69a9.91 (5.32)9.75 (5.14)10.06 (5.57)SDQ score

.10a.07a73.67 (17.78)71.62 (18.49)71.39 (17.87)CHQ-CF-GH4 score

aIndependent-samples t test.
bChi-square test.
cMann-Whitney U test.
dSDQ: Strengths and Difficulties Questionnaire (higher score indicates more mental health problems; range 0-40); CHQ-CF-GH4: Child Health
Questionnaire-Child Form-General Health (higher score indicates a better health-related quality of life; range 0-100).
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Table 2. Follow-up health behaviors and well-being of adolescents and effects of the interventions with the control group as reference (N=1252).

E-health4Uth + consult vs

control groupbE-health4Uth vs controla
Control

n=434

E-health4Uth +
consult

n=430

E-health4Uth

n=392Behaviors and well-being

POR/B (95% CI)POR/B (95% CI)

Alcohol consumption, n (%)

5 or more drinks on 1 occasion in the past 4 weeks

.351.21 (0.77, 1.26)c.620.90 (0.61, 1.34)c276 (63.7)280 (65.9)230 (59.0)0 times

58 (13.4)44 (10.4)62 (15.9)1 times

37 (8.5)32 (7.5)43 (11.0)2 times

34 (7.9)46 (10.8)28 (7.2)3-4 times

28 (6.5)23 (5.4)27 (6.9)5 or more times

Have been drunk or tipsy in the past 4 weeks

.291.22 (0.85, 1.74)c.620.90 (0.61, 1.35)c321 (74.1)317 (74.6)275 (70.5)0 times

57 (13.2)52 (12.2)57 (14.6)1 times

20 (4.6)20 (4.7)18 (4.6)2 times

35 (8.1)36 (8.5)40 (10.3)3 or more times

Smoking, n (%)

.840.95 (0.58, 1.57)c.900.97 (0.61, 1.56)c349 (80.8)351 (82.6)323 (82.8)No

23 (5.3)14 (3.3)21 (5.4)Less than once a week

19 (4.4)11 (2.6)14 (3.6)At least once a week, but not
every day

41 (9.5)49 (11.5)32 (8.2)Every day

Drug use (past 4 weeks), n (%)

.340.65 (0.26, 1.59)d.901.06 (0.43, 2.61)d396 (91.7)381 (89.6)367 (94.1)0 times

36 (8.3)44 (10.4)23 (5.9)1 or more times

Condom use during intercourse (n=376), n (%)

.311.36 (0.76, 2.44)c.042.09 (1.04, 4.22)c43 (40.6)66 (43.7)62 (52.1)Always

15 (14.2)32 (21.2)24 (20.2)Usually

27 (25.5)38 (25.2)18 (15.1)Sometimes/almost never

21 (19.8)15 (9.9)15 (12.6) (15)Never

Well-being, mean (SD)

.04−0.60 (−1.17, −0.04)e.37−0.24 (−0.78, 0.29)e9.07 (5.38)8.42 (5.05)8.92 (5.26)SDQ scoref

.09−2.74 (−5.92, 0.44)e.60−0.89 (−4.18, 2.40)e34.75 (25.26)31.58 (22.58)33.89 (23.02)YSR scoref

.351.03 (−1.12, 3.19)e.0082.79 (0.72, 4.87)e73.73 (18.17)74.00 (18.49)75.34 (16.56)CHQ-CF-GH4 scoreg

aE-health4Uth vs control group: analyses were adjusted for the baseline value of each outcome.
bE-health4Uth and consultation vs control group: analyses were adjusted for age and the baseline value of each outcome.
cMultilevel ordinal regression; OR (95% CI).
dMultilevel logistic regression; OR (95% CI).
eMultilevel linear regression; Beta coefficient (95% CI).
fA higher score indicates more mental health problems (SDQ range 0-40, YSR range 0-210).
gA higher score indicates a better health-related quality of life (range 0-100).
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Effects of E-health4Uth
Adolescents in the E-health4Uth group used condoms
significantly more often at follow-up compared to adolescents
in the control group (52.1% vs 40.6%; OR 2.09, 95% CI
1.04-4.22) (Table 2). Furthermore, the health-related quality of
life of adolescents in the E-health4Uth group was significantly
better at follow-up compared to adolescents in the control group
(mean 75.34, SD 16.56 vs mean 73.73, SD 18.17; B=2.79, 95%
CI 0.72-4.87; d=0.09). No other effects of the E-health4Uth
intervention on health behaviors or well-being were found.

Effects of E-health4Uth and consultation
At follow-up, adolescents in the E-health4Uth and consultation
group reported a significantly better mental health status
compared to adolescents in the control group (SDQ: mean 8.42,
SD 5.05 vs 9.07, SD 5.38; B=−0.60, 95% CI −1.17 to −0.04;
d=0.12) (Table 2). No effects of the E-health4Uth and
consultation intervention on health behaviors were found.

Adolescents in the E-health4Uth and consultation group, who
were at risk of mental health problems at baseline and were
therefore referred for a consultation with the nurse, reported a
significantly better mental health status (SDQ: mean 12.79, SD
5.63 vs 14.57, SD 5.03; B=−1.79, 95% CI −3.35 to −0.22;
d=0.33; YSR: mean 48.13, SD 25.45 vs 57.12, SD 27.66;
B=−9.11, 95% CI −17.52 to −0.71; d=0.34) and a better
health-related quality of life (mean 69.56, SD 18.37 vs 62.53,
SD 20.08; B=7.81, 95% CI 2.41-13.21; d=0.37) at follow-up
compared to adolescents in the control group who were at risk
of mental health problems at baseline (Table 3). These results
were not replicated among adolescents who were at risk of
mental health problems in the E-health4Uth standalone
intervention group (Table 3), indicating that the dual approach
of advice and a consultation (ie, E-health4Uth and consultation)
may have been responsible for the positive effects on well-being.

Table 3. Follow-up well-being of adolescents who were at risk of mental health problems at baseline and the effects of the interventions on well-being,
with the control group as reference (n=194).

E-health4Uth + consult vs controlcE-health4Uth vs controlbAdolescents at risk of mental health problems, mean (SD)Well-being

PBeta (95% CI)PBeta (95% CI)

Controla

n=68

E-health4Uth +

consulta

n=63

E-health4Utha

n=63

.03−1.79 (−3.35, −0.22).960.04 (−1.60, 1.68)14.57 (5.03)12.79 (5.63)14.44 (5.67)SDQ scored

.03−9.11 (−17.52, −0.71).89−0.63 (−9.72, 8.47)57.12 (27.66)48.13 (25.45)56.49 (27.86)YSR scored

.0057.81 (2.41, 13.21).094.78 (−0.70, 10.25)62.53 (20.08)69.56 (18.37)67.59 (17.14)CHQ-CF-GH4e

aIn the E-health4Uth (5 of 63) and control group (4 of 68), some adolescents at risk of mental health problems also attended the consultation after they
referred themselves to the nurse. In the E-health4Uth and consultation group, 57 of the 63 referred adolescents attended the consultation.
bE-health4Uth vs control group: analyses were adjusted for the baseline value of each outcome. Multilevel linear regression.
cE-health4Uth and consultation vs control group: analyses were adjusted for age and the baseline value of each outcome. Multilevel linear regression.
dA higher score indicates more mental health problems (SDQ range 0-40, YSR range 0-210).
eA higher score indicates a better health-related quality of life (range 0-100).

Interaction Effects
Exploratory interaction analyses showed 3 statistically
significant interactions between the dummy variables for
intervention groups and the demographic factors. Ethnicity
moderated the intervention effect of E-health4Uth on condom
use and gender moderated the intervention effect of
E-health4Uth on alcohol consumption and the intervention effect
of E-health4Uth and consultation on drug use (Table 4). More
specifically, adolescents of Dutch ethnicity in the E-health4Uth
group were more likely to use condoms during intercourse at
follow-up compared to adolescents of Dutch ethnicity in the

control group (OR 3.59, 95% CI 1.71-7.55), whereas there was
no significant effect of the intervention among adolescents of
non-Dutch ethnicity (OR 0.25, 95% CI 0.02-2.49). Furthermore,
boys in the E-health4Uth and consultation group were more
likely to use drugs at follow-up compared to boys in the control
group (OR 0.36, 95% CI 0.13-0.96), whereas there was no
significant intervention effect among girls (OR 4.47, 95% CI
0.72-27.74). Among boys and girls in the E-health4Uth and
consultation group, no significant intervention effect was found
on alcohol consumption (boys: OR 0.68, 95% CI 0.40-1.15,
girls: OR 1.35, 95% CI 0.76-2.38).
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Table 4. Stratified analyses of intervention effects on health behavior for the various levels of the significant moderator variables.a

E-health4Uth +consult vs control groupE-health4Uth vs control groupOutcome

P valueOR (95% CI)cP valueOR (95% CI)b

Alcohol consumption

Have been drunk or tipsy in the past 4 weeks

Gender

.150.68 (0.40, 1.15)Boys

.311.35 (0.76, 2.38)Girls

Drugs use (past 4 weeks)

Gender

.040.36 (0.13, 0.96)Boys

.114.47 (0.72, 27.74)Girls

Condom use during intercourse

Ethnicity

.0013.59 (1.71, 7.55)Dutch

.380.25 (0.03, 2.49)Non-Dutch

aOnly the results of the stratified analyses according to the significant moderators of the intervention effects are presented.
bMultilevel ordinal regression.
cMultilevel logistic regression.

Discussion

Principal Results
Using a cluster RCT, we evaluated the effect of E-health4Uth
as a standalone intervention and in combination with an
additional consultation for adolescents who were at risk of
mental health problems. The E-health4Uth intervention as a
standalone intervention showed minor positive results in a small
number of outcomes, namely in the health-related quality of
life and in condom use during intercourse among adolescents
of Dutch ethnicity. The 2 positive results found in the
E-health4Uth intervention were not replicated in the
E-health4Uth and consultation group. The E-health4Uth and
consultation intervention showed minor positive results in the
mental health status of adolescents, but a negative effect on
drug use among boys was found. In the subgroup of adolescents
who were at risk of mental health problems at baseline and were,
therefore, referred for a consultation with the nurse, the
E-health4Uth and consultation group showed small to moderate
positive results on mental health status and health-related quality
of life at follow-up compared to adolescents in the control group
who were at risk of mental health problems at baseline.

Interpretation
Although it is promising that positive effects were found in the
E-health4Uth group, only a small number of outcome measures
were statistically significant (ie, health-related quality of life
and condom use during intercourse), the effects were small, and
the effects on condom use were only found among adolescents
of Dutch ethnicity. Furthermore, because the E-health4Uth and
consultation group received the same messages as the
E-health4Uth group plus an additional consultation for the

adolescents at risk of mental health problems, one would expect
that the effects on condom use and health-related quality of life
would have also been present in the E-health4Uth and
consultation group. Although these effects pointed in the same
direction, they were not significant in the E-health4Uth and
consultation group. Therefore, the effects found in the
E-health4Uth group have to be interpreted with caution.

In contrast to our hypothesis, we could not demonstrate that the
E-health4Uth intervention was effective in promoting other
health behaviors or the mental health status of adolescents.
Although various studies show that Web-based tailoring is a
promising technique to promote health behaviors and mental
health status of adolescents [26-34], most studies are focused
on older adolescents. Furthermore, the results of the evaluation
of the appreciation of the tailored messages used in this trial
showed that adolescents did not evaluate the tailored messages
as explicitly positive in terms of their personally relevance [15].
If messages are not deemed personally relevant, the positive
effect of these messages may be reduced [35]. Therefore, the
tailored messages used in this study could potentially be
improved further, possible resulting in messages that are more
personally relevant and effective. The current messages could
be further tailored by using, for example, demographics,
personal cognitive factors (eg, manner in which health risks are
perceived by the individual), social factors (eg, susceptibility
to peer pressure), or the self-efficacy of the individual (eg,
judgment of capability to change unhealthy behavior) [36,37].
Furthermore, algorithms generating tailored information can be
easily extended to use more characteristics of the adolescent to
tailor the messages, whereas wide-scale distribution can be
arranged at relatively low cost.
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Moreover, knowledge on how adolescents process and respond
to personalized feedback is currently scarce [38]. More insight
into how adolescents process the feedback messages, single
messages, and when receiving multiple feedback messages on
various behaviors at one point in time is needed to be able to
improve interventions. Although the focus on multiple behaviors
is becoming an increasingly popular strategy in interventions
using Web-based tailored messages [39-41], adolescents receive
a lot of information at the same time and it is conceivable that
adolescents become overwhelmed by the amount of information.
Furthermore, tailored messages were used and appreciated
positively by adolescents in this trial [15] and they seemed
interested in receiving feedback on health behaviors. In contrast
to older people who are confronted with chronic diseases more
often, adolescents are probably less likely to see the benefits of
health behavior changes and consequently less likely to be
internally motivated to invest time in health behavior changes
[42].

As hypothesized, the E-health4Uth and consultation intervention
was effective in enhancing the mental health status of
adolescents. Furthermore, it is promising that expanding the
Web-based tailored intervention with a consultation in the
subgroup of adolescents at risk of mental health problems,
improved the effectiveness of the intervention on mental health
and health-related quality of life among these adolescents. The
effect of the E-health4Uth and consultation intervention on the
well-being of adolescents at risk of mental health problems was
minor to moderate, in-line with the results of previous studies
in which adolescents at risk of depression and anxiety, 2
components of the broader construct of mental health, benefited
from an Internet program combined with a consultation [43-46].
A potential explanation for the effects on the well-being of
adolescents is the dual approach of advice and a consultation.
This approach guaranteed a repetition of the main mental health
message and combined digital and oral feedback. However, it
is also feasible that the consultation was responsible for the
positive effects that were found and that the E-health4Uth
questionnaire was primarily a useful way to select adolescents
who needed further face-to-face support.

Because the nurses rated the information they received about
the adolescents before the consultation as helpful in most cases
(80.0%) [15], this information on adolescents’ health may have
supported the nurse during the consultation to better tailor the
information provided to the adolescent’s needs, thereby
enhancing the effectiveness.

In contrast to our hypothesis, positive effects in the E-health4Uth
and consultation group were not found in promoting health
behaviors. Therefore, it might also be beneficial to apply the
dual approach of advice and a consultation to the health behavior
messages (ie, expand the Web-based tailored messages on the
health behaviors with a consultation focused on these health
behaviors), instead of primarily focusing on mental health in
the consultation. A previous study, integrating Web-based
tailored messages on fruit and vegetable intake with a
consultation focused on this intake among schoolchildren
showed promising results in the area of preventive youth health
care [35]. However, future research is needed to investigate the
degree to which the impact of Web-based tailored messages on

health behaviors may be enhanced through expanding these
messages with a consultation. Especially since an unexpected
negative effect on drug use among boys was found in the
E-health4Uth and consultation group. Although this result could
be a random effect, another possible explanation is that giving
information about drug use to adolescents raises adolescents’
curiosity about trying drugs. In earlier studies, a similar negative
effect on drug use among Dutch adolescents was found [47,48].
In one of these studies, it was found that this increase in
frequency was only a temporary effect [48]. However, it is an
indication that one has to be careful with health promotion on
drug use among adolescents and it highlights the importance of
careful evaluation and in-depth study of how health promotion
on drug use works for adolescents.

Because the Web-based tailored messages and the additional
consultation were already interwoven with the existing practice
of preventive youth health care, they are especially promising
for future implementation. Implementing the Web-based tailored
messages as a universal program (ie, offering it to all adolescents
in a school class regardless of current symptom level or risk
status) has multiple benefits. Universal programs, instead of
programs that only focus on adolescents who are at risk (eg, for
mental health problems), are often preferred by school
administrators [49]. Additionally, by collecting information on
the health of all adolescents in a school class, this approach
presents an opportunity to select vulnerable adolescents and to
enhance the efficiency of face-to-face consultations [7,12,13].
Efficiency is essential given the current financial strain on
preventive health care.

Strengths and Limitations
Important strengths of this study are the randomized controlled
design and large sample size. The response rate was relatively
high and our study population resembles the average Dutch
adolescent population in secondary schools for gender, ethnicity,
and education level [50]. However, this study was conducted
only among Dutch adolescents aged 15-16 years in a preventive
care setting; therefore, generalization to other countries, age
groups, and settings should be done with caution. Furthermore,
dropout was higher among girls, older adolescents, adolescents
with a low education level, adolescents of non-Dutch ethnicity,
and adolescents allocated to the control group instead of the
E-health4Uth and consultation group, which could also affect
the generalizability of the results. Nevertheless, we expect that
the effects of our study would have been stronger without this
selective dropout. A vulnerable group research has shown to be
at a particularly heightened risk of mental health problems [15]
and of exhibiting unhealthy behavior [1,51], dropped out while
interventions are especially effective in high risk groups [52].

Additionally, the use of self-report measures may have resulted
in less reliable outcomes. Therefore, the collection of more
objective data on health behavior and additional parent and
teacher ratings on the well-being of the adolescents may have
been useful. Nevertheless, research suggests, for example, that
self-reported alcohol consumption among adolescents is
generally considered valid [53] and that adolescents are better
reporters of their own mental health status than parents and
teachers [54]. The percentages of adolescents with unhealthy
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behaviors and mental health problems in this study are largely
comparable with the percentages of adolescents aged 15-16
years with unhealthy behaviors and mental health problems in
the Netherlands [1]. Another limitation is that some adolescents
in the control group may have received information from friends
in the intervention groups despite the randomization of school
classes. This may have contaminated the results. Furthermore,
the overlap between the 2 intervention groups and control group
is a limitation. In the E-health4Uth and consultation group, only
adolescents at risk of mental health problems were invited for
a consultation; thus, the other adolescents in this group received
actually only the E-health4Uth intervention. Moreover,
adolescents in all the groups could ask for a self-referral with
the school nurse. Although only a few adolescents in the
E-health4Uth group (17 of 533) and the control group (13 of
615) attended a consultation with the nurse (Figure 1), this may
have underestimated the results. Therefore, in addition to the
intention-to-treat analyses in which we analyzed adolescents in
the groups to which they were randomized, regardless of
whether they received the allocated intervention or not (eg,
whether they attended the consultation or not after an invitation),
we conducted exploratory per-protocol analyses. For these
exploratory analyses, adolescents were allocated to the
intervention they actually received (eg, the adolescents who
self-referred to the nurse for a consultation were included in the
E-health4Uth and consultation group for analysis purposes).
The results from these per-protocol analyses were stronger than
the results from the intention-to-treat analyses. That is, these
analyses showed larger effects on mental health and
health-related quality of life for the subgroup of adolescents at
risk of mental health problems at baseline than the
intention-to-treat analyses, suggesting that the results presented
in this study may be underestimations of the actual effects.
Unfortunately, information about the percentages of adolescents

invited for a further consultation with the nurse or who were
referred to another professional was not available because this
information was not consistently administered by the nurse.
However, the available data suggest that a low percentage of
adolescents were invited for a further consultation with the nurse
or referred to another professional. Further research is necessary
to assess whether the consultation is an effective way in
selecting adolescents who need help and providing them with
the help they need.

Conclusions
Findings from this study support the use of the E-health4Uth
and consultation intervention in promoting the well-being of
adolescents at risk of mental health problems. Compared to care
as usual, E-health4Uth combined with a consultation was
effective in promoting the mental health status and health-related
quality of life in the subgroup of adolescents at risk of mental
health problems. It is feasible that the consultation (and not the
dual approach) was primarily responsible for these positive
effects. However, E-health4Uth may have been a valuable tool
to select vulnerable adolescents and to provide the nurse with
information about the health of these adolescents. This could
have contributed to the efficiency of the face-to-face
consultation. Because the E-health4Uth and consultation
intervention can be embedded in the existing practice of
preventive youth health care, this increases the chance of future
implementation. However, more research is needed to further
evaluate the effects of the consultation as a standalone
intervention and of the dual approach of further tailored eHealth
messages and a consultation. Adding a consultation for
adolescents at risk of mental health problems seems promising;
therefore, future research is recommended to evaluate the
potential effect of a consultation for adolescents who exhibit
unhealthy behavior.
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Abstract

Background: The use of mobile phone technologies for health promotion and disease prevention has advanced rapidly in recent
years. Text4baby is a theory-based mobile health (mHealth) program in which text messages are delivered to pregnant women
and new mothers to improve their health care beliefs and behaviors and improve health status and clinical outcomes. Recent
evaluations of Text4baby have found that it improves targeted health attitudes and beliefs, but effects on behavior have not yet
been determined.

Objective: In this study, investigators aimed to evaluate Text4baby in the military women’s population.

Methods: Investigators conducted a randomized controlled trial at Madigan Army Medical Center in Tacoma, Washington,
from December 2011 through September 2013. All participants were pregnant women first presenting for care at Madigan.
Investigators conducted a baseline assessment using a 24-item, self-administered online survey of attitudes and behaviors related
to Text4baby message content. Participants were randomized to Text4baby plus usual care (intervention) or usual care alone
(control). Investigators analyzed treatment effects of Text4baby on short-term targeted outcomes 4 weeks post enrollment.

Results: For this study, 943 patients were randomized and completed a baseline assessment. The average patient age was 28
years and nearly 70% self-identified as Caucasian. 48.7% of enrollees (459/943) completed the first follow-up assessment. Higher
rates of single and working/in-school patients dropped out of the intervention arm of the study, and we adjusted for this finding
in subsequent models. However, while investigators were unable to re-survey these participants, only 1.9% of Text4baby enrollees
(18/943) dropped the service during the study period. Adjusted and unadjusted logistic generalized estimating equation models
were developed to assess intervention effects on measured outcomes. In the model adjusting for age, marital status, having had
a previous baby, and race/ethnicity, there was a significant effect of Text4baby intervention exposure on increased agreement
with belief in the importance of taking prenatal vitamins (OR 1.91, 95% CI 1.08-3.34, P=.024). All of these attitudes had been
targeted by at least one text message during the 4-week evaluation period examined in this study. In unadjusted models, there
was a significant effect of intervention exposure on belief in the importance of visiting a health care provider to be a healthy new
mother (OR 1.52, 95% CI 1.01-2.31, P=.046) and in the health risks of alcohol during pregnancy (OR 2.06, 95% CI 1.00-4.31,
P=.05). No behavioral effects of the intervention were observed in this analysis.

Conclusions: Text4baby is a promising program that offers lessons for future mHealth activities. This large-scale study
demonstrated initial effects of the program on attitudes and beliefs targeted by the messages received by women during the study
period. Results confirm previous findings from Text4baby studies and other mHealth research. Future analyses will examine
dosage effects of the intervention on behaviors and clinical outcomes.

J Med Internet Res 2014 | vol. 16 | iss. 5 |e131 | p.68http://www.jmir.org/2014/5/e131/
(page number not for citation purposes)

Evans et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:wdevans@gwu.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


(J Med Internet Res 2014;16(5):e131)   doi:10.2196/jmir.3297

KEYWORDS

Text4baby; prenatal health care; mobile health; military health; health behavior

Introduction

In recent years, the use of mobile phone technology for health
and health care (or mHealth) has grown rapidly as a strategy to
increase patient adherence to care protocols for chronic
conditions. Mobile phones allow patients to monitor and take
control of their own health. A number of research studies have
been conducted to test the outcomes of mobile-enabled health
behavior change, drug and treatment adherence, and health care
solutions, which have generally indicated that mobile solutions
are effective in promoting health behaviors and health care
treatment and adherence outcomes [1,2].

Despite the rapid growth of mHealth, there is relatively little
research on its role as a channel through which to deliver health
promotion interventions. There is also little research on the
effects of mHealth exposure and dosage on outcomes [3]. Some
mHealth programs have been developed as reminder systems,
such as in disease management and treatment adherence
programs in smoking cessation, weight loss, and diabetes
self-management [4-7]. In some limited cases, mHealth
approaches such as text messaging have been shown to be
effective in promoting adoption of behaviors such as exercise,
nutrition, family planning, and encouraging risk behavior
avoidance, such as smoking cessation [6-10].

Texting, a relatively simple approach to mHealth, has been the
most widely used and evaluated form of mHealth intervention
[11]. Text messages can act as motivators, cues to action, and
also reminder mechanisms to reinforce messages [12]. The latter
use, as a reminder system to reinforce treatment adherence, is
perhaps the most widely used application of text messaging as
an mHealth intervention [13,14].

In the past, relatively few studies have been conducted to test
the efficacy of mHealth programs as a channel for full-fledged
health promotion programs. However, this situation has begun
to change, one sign of which is heightened interest in mHealth
theory and development of behavior change models that take
the mobile phone as a delivery channel into account [5,15].
Mobile phones have unique characteristics as a channel—their
ubiquity, mobility, constant availability, and multiple media
modalities, among others [2,15]. The future of mHealth research
is to build an evidence base that supports extensions and
advancement of existing behavioral theory to address how
people use mobile devices and the effects of the channel on
health outcomes.

The Text4baby mHealth program [16] is an example of using
text messaging for health promotion and behavior change. The
service launched in February 2010 and delivers text messages
to pregnant women and new mothers. The program consists of
135 distinct prenatal text messages (and a separate library of
postpartum messages for new mothers, not addressed here)
delivered on a schedule timed to mothers’ enrollment and due
date of the baby. In this way, messages are tied to the

information most needed during a particular stage of pregnancy.
The program is directed by the National Healthy Mothers,
Healthy Babies Coalition, and text messages and participant
data are managed by Voxiva, Inc. It represents one of the largest
mHealth text-based programs developed to date. Several recent
studies of the Text4Baby program have found that Text4Baby
changes attitudes and beliefs, but effects on behavior have not
yet been established [10,17,18].

Text4baby also offers an example of the development of
behavioral theory and its adaptation to the design mHealth
interventions. First, following the health belief model (HBM),
Text4baby messages serve as a cue to prenatal care action and
behavior change targeting primarily pregnant women [19].
Second, text messaging can spread social influence and diffusion
of information within a target population [20]. In Text4baby,
messages diffuse risk information, such as the dangers of
smoking and secondhand smoke during pregnancy and serve
to reinforce other social influences, such as health care
providers, friends, and family. Third, Text4baby uses social
cognitive theory (SCT) to build participants’ self-efficacy and
provide social models of behavior through text messaging,
which develop a Text4baby brand identity and brand equity (eg,
the brand’s market position, consumer loyalty) [21]. An mHealth
program can serve to create a brand identity as a “friend” and
“trusted source” that young women come to rely on. Messages
are authentic, fun, and promote ways to live a satisfying lifestyle
while reducing risk and promoting maternal and child health
[17]. Audiences must develop a connection with messages and
find them to be credible sources that they can rely on in order
to be successful [22-24]. Future mHealth programs can build
on these lessons to develop mobile health messages that address
the quality of life and other motivational factors to help make
recommended health behaviors fun, easy, and popular with
audiences.

Over the past few years, the military has made major
investments in mHealth programs to promote health and improve
treatment among enlisted personnel and their families [25]. The
target population, which includes active duty military personnel,
spouses, and family members, face significant additional
stressors beyond those in the civilian population that may affect
maternal and child health outcomes. Female service members
struggle to balance family and service and are much more likely
to be a single parent than male troops [26]. It is estimated that
about 10% of female military personnel become pregnant each
year, and approximately 75,000 military children are estimated
to be younger than 1 year of age [26]. Thus, there is a large
Military Health Service (MHS) population that could benefit
from the Text4baby program, as it is a free resource that can
help support military families and address a growing demand
for maternal and child health and health care services.

The current study examines the first phase of a randomized
controlled trial (RCT) to evaluate Text4baby in the military
women’s population at Madigan Army Medical Center
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(Madigan) in Tacoma, Washington. The first specific aim of
this study was to describe the Madigan Text4baby RCT, its
design, methods, and baseline (BL) data. The second specific
aim was to evaluate initial outcomes of the program at 4 weeks
post BL. This is also to confirm a previous smaller-scale
evaluation of Text4baby conducted by the investigators in a
largely Spanish-speaking immigrant population in Virginia [10].

Regarding the second aim, there were two specific hypotheses.
First (H1), Text4baby will be effective in improving prenatal
knowledge, attitudes, and beliefs (KAB) targeted by messages
delivered during the study period. Because this was a study of
short-term Text4baby effects, analysis focused on Text4baby
effects on KAB targeted during the initial study period, such as
taking prenatal vitamins, increased fruit and vegetable intake,
visiting health care providers, and avoiding smoking or drinking.
Second (H2), Text4baby will be effective in improving prenatal
behaviors targeted by messages.

Methods

Design and Measures
The investigators conducted an RCT of Text4baby prenatal
messages at Madigan Army Medical Center (Madigan), a large
tertiary-care Army Medical Center in Tacoma, Washington,
serving Joint Base Lewis-McCord. Female military health care
beneficiaries age 18-45 years (both active duty and family
members) who first presented for prenatal care at Madigan prior
to 14-weeks gestation were eligible for the study. The date of
pregnancy was established by last menstrual period (LMP)
dating. Additional inclusion criteria included having a working
cell phone and speaking and reading fluent English. Female
patients meeting the inclusion/exclusion criteria were recruited
for the study at the end of their initial prenatal care visit to the
Madigan Obstetrics and Gynecology clinic. Following medical
consultation, the health care provider asked if the patient would
be willing to participate in the research study. Those who agreed
met with a member of the research team in a private space in
the clinic, underwent a written informed consent, and then were
offered the opportunity to complete a BL survey on a
password-protected computer in a private room in the clinic.
Three dedicated laptops were available for participants to
complete the online survey. No compensation was provided for
participation.

Individuals who needed more time to decide whether to
participate were allowed to leave and provide a final decision
by calling or texting back. A card was provided with the name
and number of Text4baby points of contact they could reach to
discuss the study. Those who agreed to participate after leaving
the clinic completed the BL survey online at a secure,
password-protected website.

After BL survey completion, participants were assigned to a
study condition (treatment or control). Using an algorithm that
generated a randomized list of individual assignments to
treatment or control condition for a sample of 996, investigators
assigned participants either to continue with usual prenatal care
(control) or receive usual care plus enroll in Text4baby
(treatment). After BL, participants in both groups were surveyed

again after 4 weeks. Subsequent follow-ups were conducted but
are not reported here. BL data collection started in December
2011 and ended in January 2013. Follow-up data collection for
the 4-week follow-up survey began in January 2012 and ended
in March 2013. This study reports on these BL and 4-week
follow-up data.

Participants had the option to take each of the follow-up surveys
in the clinic after subsequent health care appointments or
remotely, online using their own computer/device. All surveys
were completed anonymously and linked by an assigned
participant ID. Clinicians who met with patients were
blinded—the randomization occurred outside the actual clinical
visit and the trial data were not accessed by the clinicians during
the study. The onsite trial coordinator responsible for data
collection used the random assignment list to direct participants
in the Text4baby arm to enroll in the service and was aware of
participant treatment or control status.

The BL survey instrument was a 24-item Web-based tool
developed by the research team that contained a battery of items
drawn from previous research [10]. Variables for behavioral
outcomes were derived from validated instruments, including
the Behavioral Risk Factor Surveillance Survey (BRFSS) and
National Health and Nutritional Examination Survey
(NHANES).

The survey instrument contained a series of questions on
participant attitudes, beliefs, and behaviors related to the text
messages contained in Text4baby: nutrition, smoking, taking
vitamins, alcohol use, flu shots, health care appointments, health
information seeking, and related risk prevention behaviors. The
instrument also captured confirmed recall, reactions, and
receptivity to the text messages based on validated measures
previously published [27,28]. Additionally, demographic
information such as age, race, ethnicity, sponsor rank, marital
status, and parity (previous live birth by the mother) was
collected from the medical record. The study protocol was
approved as minimal risk research by the Madigan Institutional
Review Board on July 26, 2011, and served as the Institutional
Review Board (IRB) of record for the George Washington
University, which entered into an institutional agreement with
the Department of Defense (DOD) Human Research Protection
Program on August 1, 2011.

Text4baby Intervention
During enrollment in the clinic, participants assigned to the
control condition were excused immediately after completing
the BL survey. Those assigned to the treatment condition were
immediately directed to enroll in Text4baby by texting a phrase
that tagged them as participants in the Madigan study to a
designated SMS (short message service) short code to receive
messages for the duration of their pregnancy (or until they
dropped out of the program). This combination of enrollment
phrase and short code had been established in the Voxiva
Text4baby data system to identify participants as members of
the Madigan evaluation study. This system ensured that only
Text4baby participants who were enrolled in the Madigan study
were counted in our treatment group. We monitored the control
group through the Voxiva data system to ensure that none of
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these participants separately enrolled for Text4baby outside of
our study, and none did.

The Voxiva system consists of data obtained from participants
during their enrollment: mobile phone number, due date (in
order to time the pregnancy text messages appropriately to the
gestational age of the baby), and participant’s home zip code
[29]. Voxiva did not have access to any data collected through
this evaluation or any patient information stored at Madigan.
Once enrolled, Text4baby participants received welcome and
introductory messages and then began receiving the three text
messages per week throughout their enrollment. These messages
were tailored to the date of enrollment and baby’s gestational

age. Thus a woman enrolling in her 10th week of pregnancy
would begin receiving week 10 messages.

If at any time during the pregnancy, a fetal loss occurred,
patients were disenrolled from Text4baby and appropriate
perinatal grief counseling was offered to the patient and her
partner. Patients were also provided the option to disenroll from
Text4baby by texting “STOP” from their cell phones if they no
longer wanted to participate in the program.

Sampling
The sampling frame consisted of all pregnant women who were
military health care beneficiaries first presenting for initial
prenatal care at Madigan (ie, had not visited another health
facility for the current pregnancy). Participants were further
required to be within the first 14 weeks of their baby’s
gestational age. All others were excluded from the study. We
drew a random sample of all women meeting criteria who first
presented for care at the Madigan Obstetrics and Gynecology
Clinic between December 1, 2011, and January 31, 2013.
Recruitment from the sample occurred on a rolling basis,
meaning that they were recruited over time until the targeted
sample (as determined by statistical power requirements) was
reached. Previous interventions to promote reproductive health
care utilization among low- and middle-income women suggest
an approximate 12% effect (intervention versus control) of such
programs after a 12-month time period [30]. Power analysis
estimated the required sample to be 996 participants in total;
249 participants per study condition and per stratum, assuming
a 10% attrition rate at 1-year follow-up.

Data Collection Procedures
In November 2011, before the start of data collection, the
research team held an introductory meeting and training session
with clinical staff at Madigan to go over the study purpose and
protocol. BL surveys were generally completed in clinic, with
a small number completed remotely, as previously described.
Follow-up (FL) surveys were primarily completed remotely
online. In an attempt to ensure high response and long-term
retention, we used several methods to address noncontact and
noncooperation, including (1) text messages for FL data
collection notification, (2) a local phone number for participants
if there were questions or a desire to schedule a time to speak
with the investigators (provided a business card to participants
during enrollment), (3) assurances of confidentiality, and (4) a
nurse available to answer the phone and take the messages to
convey to investigators. One week prior to each FL survey, the

onsite research team member sent text messages reminding
participants of the upcoming survey FL date and offered them
the option to take the survey remotely if they would not be at
the clinic. Participants were considered to have quit the study
if they were unreachable after several attempts, and no further
FL attempts were made. At follow-ups, the same behavioral
survey instrument was repeated with the addition of a short
battery of questions about exposure and reactions to the
Text4baby campaign and its messages.

Data Analysis
Stata Version 12 was used in all analyses. Descriptive statistics
were calculated for all outcomes and demographic variables.
Cross-tabulations of these same variables by study condition
and survey time point were also calculated.

Generalized estimating equations (GEE) logistic regression was
used to construct separate models for each of the attitudes,
beliefs, and behavioral outcomes. Investigators estimated the
odds of positive change over time in response to each of the
behavioral outcome variables as a function of Text4baby text
message exposure through use of an interaction term including
program exposure and progression to follow-up measurement.

In addition to an unadjusted model, which strictly looked at the
effect of the randomized intervention on those who completed
both BL and follow-up interviews (n=459), a second adjusted
model included several maternal covariates: age quintile, parity,
marital status, and race. For missing data and attrition of
participants, a t test was used to compare covariates, including
sociodemographic and other variables used in the regressions,
between cases with and without missing data to verify whether
or not data were missing completely at random. It was
determined that both maternal race and marital status, which
were both missing for 22.7% (215/943) of BL participants, were
potentially variables that were differentially missing for women
of certain racial and marital statuses. Therefore, a multiple
imputation (MI) model was constructed to account for missing
race and marital status, through use of a logit function, with
parity, age, and treatment status as predictors of both race and
marital status [31].

The MI model also accounted for attrition through inverse
probability weighting, by predicting likelihood of dropout
through use of a logistical regression model, using parity, age,
and imputed or actual race and marital status as predictors [32].
This regression model was then used to predict the probability
of a missing case and to assign higher weights to complete cases
of individuals in the sample who represent those more likely to
have dropped out of the study. Sixty repetitions of the model
were implemented, and results from each imputation averaged
to produce point estimates for an intervention effect.

Results

Of 1078 women who entered the Madigan OB/Gyn clinic during
the study period, 996 were asked to participate, or 92.39%. Of
these, 94.7% completed a BL survey online (943/996). Among
the BL participants, 48.7% completed a 4-week follow-up
survey (459/943).

J Med Internet Res 2014 | vol. 16 | iss. 5 |e131 | p.71http://www.jmir.org/2014/5/e131/
(page number not for citation purposes)

Evans et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1 provides the BL sample characteristics. Overall, the
sample was predominantly Caucasian (69.6%, 656/943), with
an average age of 26.53 years. A majority (63.1%, 595/943)
reported currently attending school or working outside of the
home. Over 70% (663/943) of the participants reported being
married. Close to half of the participants (47.8%, 451/943)
reported having had a baby prior to this pregnancy. In terms of
sponsor rank, the vast majority of participants were enlisted
service members or a dependent family member of an enlisted
service member (86.8%, 819/943) and the remainder
commissioned or warrant officers (13.2%, 124/943).

Equivalence of means at baseline was tested by comparing the
baseline treatment and control condition samples. The
comparison revealed a larger, statistically significant percent
reporting smoking in the last 30 days: 15.34%, (95% CI
12.08-18.58) in the control versus 9.64% (95% CI 6.95-12.32)
in the treatment group, respectively. There was also a larger,
statistically significant percent who reported consuming 3 or
more vegetables per day in the control versus treatment group:
37.82% (95% CI 33.44-42.19) in control versus 29.98% (95%
CI 25.81-34.15] in treatment, respectively.

Because of the significant loss-to-follow-up, demographic
characteristics of the BL sample were compared to those who
remained in the study at follow-up. That analysis revealed
statistically significant differences in those reporting being
married (70.31% at BL vs 76.69% at FL, P=.000) and in those
currently working or attending school (63.10% at BL vs 53.16%
at FL, P<.001). No differential attrition between treatment and
control conditions was observed.

Table 2 presents cross-tabulations of the outcome variables by
study condition and survey time point. There were significant
improvements in several outcome attitudes, beliefs, and
behaviors from BL to FL. However, no significant differences
in improvements over time were observed between the treatment
and control study conditions. Increases in strong agreement
with beliefs in the importance of prenatal vitamins and health

risks of drinking alcohol were observed between BL and FL.
An increase in self-reported searching for health information
online and consuming 3 or more serving of fruits and vegetables
per day was observed. Finally, a decrease in self-reported
cigarette smoking was observed between the two time points.

Table 3 summarizes the results of the GEE logistic model for
the intervention effects BL to FL on measured outcomes. There
was a significant treatment effect for improvement in strong
agreement with the statement that “If I visit my health care
provider on a regular basis, I will be a healthy new mother” in
the complete-case, unadjusted model, with a greater likelihood
of improvement to strong agreement in the intervention group
(OR 1.52, 95% CI 1.01-2.31, P=.046). There was also a
significant treatment effect for improvement in strong agreement
with the statement that “drinking alcohol will harm the health
of my developing baby” in the unadjusted model, with a greater
likelihood of improvement to strong agreement in the
intervention group (OR 2.06, 95% CI 1.00-4.31, P=.05). There
were marginally significant effects, at the P=.10 level, for
improvement in strong agreement for beliefs about the
importance of eating fruits and vegetables, and in taking prenatal
vitamins, to the health of the developing baby.

In the adjusted model, which accounts for four socioeconomic
variables, imputations for missing values for marital status and
race, and inverse probability weighting to account for the noted
attrition, there were marginally significant effects for improved
strong agreement with the statement “If I visit my health care
provider on a regular basis, I will be a healthy new mother” as
well as “Drinking alcohol will harm the health of my developing
baby”. There was also a significant treatment effect for
improvement in strong agreement with the statement “Taking
prenatal vitamins will improve the health of my developing
baby”, with a greater likelihood of improvement to strong
agreement in the intervention group (OR 1.91, 95% CI
1.08-3.34, P=.024). There were no effects of the Text4baby
intervention on any of the measured behaviors at FL.
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Table 1. Baseline sample descriptive statistics (N=943).

%nVariables

26.5943Age, years

3.331<20

88.883720-34

7.97535+

Race

69.6656White

7.975Black

2.625Asian-Pacific Islander

0.22Western Hemisphere Indians

19.6185Other/Unknown

Ethnicity

21.8206Filipino

5.653Hispanic

2.019Other Asian/Pacific Islander

0.66Southeast Asian

69.9659Other/Unknown/Not Hispanic

Marital status

7.672Single/Never married

70.3663Married

0.77Separated/Divorced/Widowed

21.3201Unknown/Null

Sponsor rank

86.8819Enlisted

11.3107Commissioned Officers

1.413Warrant Officers

0.44Null

Parity

52.2492No

47.8451Yes

27.2327Pre-pregnancy Body Mass Index

0.77Underweight

16.4154Normal

10.397Overweight

6.763Obese

33.9320Ever participated in WIC Programa

63.1595Currently in school or working outside the home

75.4711Ever gone online to search for prenatal care information

aWIC=Nutritional Program for Women, Infants, and Children.
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Table 2. Bivariate pre-post comparison of measured outcome variables by treatment group.

Follow-up sample (n=459)Baseline sample (n=459)

P valueaText4baby

(n=229),

%

Control

(n=230),

%

95% CIMean,
%

Text4baby
(n=229),

%

Control

(n=230),

%

95% CIMean,
%

Attitudes, Strongly Agree

.67269.4364.7862.60-71.3967.1066.3870.4363.94-72.6468.41Eating 5 or more fruits and veg-
etables per day is important to
the health of my developing baby

.00079.9176.0973.92-81.7078.0086.4689.5784.69-90.8488.02Taking a prenatal vitamin is im-
portant to the health of my devel-
oping baby

.79250.6653.4947.39-56.7252.0750.6655.2248.26-57.5852.94I am prepared to be a new mother

.23448.0340.8739.84-49.1244.4446.7250.0043.71-53.0448.37If I visit my health care provider
on a regular basis, I will be a
healthy new mother

.55046.7239.1338.34-47.5942.9246.2943.4840.27-49.5644.88If I visit my health care provider
on a regular basis, my baby will
be healthy

.16192.1487.8386.86-92.5789.9892.5892.6189.80-94.8292.59Smoking will harm the health of
my developing baby

.73419.2118.7015.47-22.8418.9517.4718.7014.67-21.9118.08Secondhand smoke will not harm
the health of my developing ba-
by.

.02585.5985.6582.07-88.7085.6287.3393.4887.35-92.9590.41Drinking alcohol will harm the
health of my developing baby

.02174.2464.7865.06-73.6869.5077.7374.7872.09-80.0776.25Taking a prenatal vitamin will
improve the health of my devel-
oping baby

Behaviors

.00318.3415.2113.47-20.5116.7810.489.577.43-13.1410.02Have you ever gone online to
search for prenatal care informa-
tion?

.0002.626.092.68-6.654.368.3015.659.16-15.3111.98In last 30 days, did you smoke?

.8332.622.611.36-4.522.613.061.741.20-4.252.40Since you found out about your
pregnancy, have you consumed
alcoholic beverages?

.02243.2343.4838.77-48.0343.3634.5037.3931.55-40.5335.95Ate 3 or more servings of fruit a
day

.77935.3730.8728.82-37.6333.1231.0033.4827.99-36.7332.24Ate 3 or more servings of vegeta-
bles a day

aP value presented represents the difference between the baseline and follow-up sample mean.
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Table 3. Effects of Text4baby and covariates on improvements in outcome variables from baseline to follow-up.

Effect of intervention and time on strong agreement (fully
adjusted, for age [quintile], parity, imputed marital status
and race, and use of inverse probability weighting to ac-

count for attrition)a

Effect of intervention and time on strong
agreement (unadjusted)

(n=943 for baseline sample)(n=459)

OR (95% CI), P valueOR (95% CI), P value

Attitudes

1.47 (0.83- 2.63), P=.1891.49 (0.96-2.31), P=.075Eating 5 or more fruits and vegetables per
day is important to the health of my devel-
oping baby

1.73 (0.80-3.73), P=.1641.68 (0.96-2.94), P=.069Taking a prenatal vitamin is important to
the health of my developing baby

1.28 (0.74-2.23), P=.5551.07 (0.673-1.57), P=.804I am prepared to be a new mother

1.66 (0.98-2.81), P=.0581.52 (1.01-2.31), P=.046If I visit my health care provider on a reg-
ular basis, I will be a healthy new mother

1.32 (0.81-2.16), P=.2681.22 (0.83-1.80), P=.320If I visit my health care provider on a reg-
ular basis, my baby will be healthy

2.25 (0.64-7.92), P=.2041.63 (0.74-3.61), P=.226Smoking will harm the health of my devel-
oping baby

0.82 (0.47-1.44), P=.4911.14 (0.81-1.58), P=.450Secondhand smoke will not harm the
health of my developing baby (reverse
coded*)

2.19 (0.87-5.52), P=.0952.06 (1.00-4.31), P=.050Drinking alcohol will harm the health of
my developing baby

1.91 (1.08-3.34), P=.0241.33 (0.84-2.10), P=.221Taking prenatal vitamins will improve the
health of my developing baby

Behaviors

0.72 (0.21-2.43), P=.5920.91 (0.45-1.87), P=.810Have you ever gone online to search for
prenatal care information?

1.16 (0.41-3.27), P=.7680.86 (0.38-1.97), P=.726In the last 30 days, did you smoke?

0.57 (0.14-2.36), P=.4360.49 (0.15-1.61), P=.241Since you found out about your pregnan-
cy, have you consumed alcoholic bever-
ages?

1.07 (0.63-1.84), P=.7581.04 (0.68-1.60), P=.842Ate 3 or more servings of fruit a day

1.17 (0.42-3.27), P=.7951.29 (0.83-1.97), P=.249Ate 3 or more servings of vegetables a day

aIndicates change to “strongly disagree” (reverse coded).

Discussion

Principal Findings
Text4baby is now a widely known mHealth program that has
demonstrated the rapid scalability of behavior change
interventions using the mobile phone. Since its launch in
February 2010, over 670,000 individuals have enrolled in the
service as of January 2014 [33]. This widespread adoption
suggests that the program has broad appeal and may represent
a valuable health promotion model in the area of maternal and
child health [34]. Given widespread adoption, it is important to
evaluate the effectiveness of such programs in changing health
behaviors and affecting other health outcomes.

This pilot study examined short-term effects of Text4baby
exposure 4 weeks post enrollment on attitudes, beliefs, and

behaviors targeted by the text messages. Overall, we found that
exposure to the text messages improved some targeted attitudes
and beliefs, which partially confirms H1. Specific targeted
beliefs, including those about the importance of prenatal health
care, the risks of alcohol use during pregnancy, and the
importance of prenatal vitamins were more likely to improve
given exposure to Text4baby. These results were consistent
with findings from a previous randomized controlled evaluation
of Text4baby [10]. Each of these beliefs was targeted by some
of the text messages delivered during the intervention period.

Thus there is substantial evidence of cognitive changes
associated with Text4baby. Following the program’s theory of
change [10], these changes would be hypothesized to mediate
subsequent behavior changes. However, in this short-term
follow-up assessment, no behavior changes were observed in
this study. These results disconfirm H2; no behavioral changes
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were observed for any of the behavioral outcomes targeted by
the text messages.

Clearly behavior change is the objective of mobile health
promotion programs such as Text4baby. However, behavioral
effects often require longer intervention periods in order to
manifest [35,36]. While Text4baby was not explicitly designed
on the transtheoretical model (TTM), that theory would suggest
that pregnant women may be rapidly progressing through
pre-contemplation to contemplation to behavioral initiation, but
somewhat longer periods of time than the 4-week FL period
examined in this study may be required for behavior change.
As the pregnancy would generally continue for several more
months, the action phase according to TTM would be more
likely to occur at subsequent time points. Future studies based
on longer evaluation periods may shed light on potential
behavioral effects of the Text4baby program.

The implications of this study for Text4baby are further
confirmation of the program’s conceptual model, published
elsewhere, that is based on HBM and SCT [10]. Thus this
evaluation is one step toward validating a new theoretical
approach to mHealth programs—one that calls for additional
research and theoretical investigation in the field. Previous
communication research suggests that targeted health
communications delivered using validating messaging strategies
may, by themselves, have small but statistically significant
effects on subsequent health cognitions and behavior [37,38].
The theory behind Text4baby, then, is that beliefs targeted by
the program’s text messages will have beneficial effects on
those specific beliefs, which in turn will be associated with
improvements related to health behaviors. This study provides
confirmation of the first association but leaves open whether
the program can demonstrate behavioral effects. Future studies
should also examine whether targeted beliefs that improve as
a result of Text4baby exposure mediate effects on behavioral
outcomes.

Limitations
This study had two important limitations. First, there were
observed differences in the BL versus follow-up samples due

to attrition, with more unmarried and fewer employed or in
school retained at follow-up, though not between study
conditions. Single mothers and those working or in school
(among the individuals who would potentially most benefit
fromText4baby) were least likely to be retained. This may have
reduced observed effects of the intervention.

Second there was higher than expected attrition from the study,
at just over 50%. While very few women appear to have dropped
out of Text4baby messaging, we were unable to re-contact many
women. As a result, the analysis included weighting and MI
procedures to account for missing data in the analyses. As a
result of the attrition, statistical power was reduced as well as
the ability to detect potential significant differences over time
between conditions resulting in relatively wide confidence
intervals for observed significant results. This limitation should
be considered in light of the study’s purpose as a pilot
evaluation.

Conclusions
This study found that Text4baby participation improved attitudes
and beliefs targeted by the intervention—specifically beliefs in
the importance of prenatal vitamins in the adjusted model. There
were also improvements in beliefs about attending health care
appointments and about the importance of avoiding alcohol
during pregnancy in the unadjusted model. Despite these
improvements in beliefs targeted by Text4baby, there were no
short-term effects on self-reported behavior. Future studies
based on this RCT will examine whether long-term participation
in Text4baby affects behaviors, and whether there is a
dose-response relationship (ie, receiving more messages and/or
participating for a longer period is related to outcomes). Future
studies should also examine the potential for mediation effects
(ie, whether targeted attitudes and beliefs mediate the
relationships between exposure to Text4baby and behavioral
outcomes). Finally, future studies will examine whether
Text4baby participation has an effect on clinical maternal and
child health outcomes.
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Abstract

Background: Smartphones are becoming ubiquitous in health care settings. The increased adoption of mobile technology such
as smartphones may be attributed to their use as a point-of-care information source and to perceived improvements in clinical
communication and efficiency. However, little is known about medical students’ use of personal smartphones for clinical work.

Objective: The intent of the study was to examine final-year medical students’ experience with and attitudes toward using
personal mobile technology in the clinical environment, with respect to the perceived impact on patient confidentiality and provider
professionalism.

Methods: Cross-sectional surveys were completed by final-year medical students at the University of Toronto. Respondents
were asked about the type of personal mobile phone they use, security features on their personal phone, experiences using their
personal phone during clinical rotations, and attitudes about using their personal phone for clinical work purposes.

Results: The overall response rate was 45.4% (99/218). Smartphone ownership was prevalent (98%, 97/99) with the majority
(86%, 85/99) of participants using their personal phones for patient-related communication during clinical rotations. A total of
26% (26/99) of participants reported not having any type of security feature on their personal phone, 94% (90/96) of participants
agreed that using their personal phone for clinical work makes them more efficient, and 86% (82/95) agreed that their personal
phone allows them to provide better patient care. Although 68% (65/95) of participants believe that the use of personal phones
for patient-related communication with colleagues poses a risk to the privacy and confidentiality of patient health information,
22% (21/96) of participants still use their personal phone to text or email identifiable patient data to colleagues.

Conclusions: Our findings suggest that the use of personal smartphones for clinical work by medical students is prevalent.
There is a need to more fully address the threat to patient confidentiality posed by the use of unsecured communication devices
such as smartphones.

(J Med Internet Res 2014;16(5):e132)   doi:10.2196/jmir.3138
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Introduction

Smartphones are becoming ubiquitous in the health care setting.
The rise in mobile technology such as smartphones may be
attributed to perceived improvements in clinical communication,
efficiency, and clinical skills [1-8]. Effective communication
between health care providers is vital for optimal patient care.
The importance of effective communication in the delivery of
care is evident given that communication failures represent the
most common cause of preventable disability or death [9].

Smartphones are also being recognized for their use in medical
education and training. With smartphones being described as a
“learn anywhere” resource [10], medical students and doctors
are using medical-related applications for both educational and
clinical purposes. Popular applications include those for
medication/drug reference, disease diagnosis/management, and
clinical scoring systems [11].

Although some studies have shown multiple benefits associated
with increased connectivity from smartphone use, negative
consequences of its use have also been described. Distracted
doctoring due to frequent smartphone interruptions can result
in adverse events such as medical errors [12,13]. Increasing use
of personal smartphones for clinical communication has been
observed, possibly due to the lack of an existing secure and
efficient hospital communication system [3,14]. In addition, the
use of personal smartphones for communicating patient
information and the potential for unprofessional behavior have
been described [3,15]. Finally, there are privacy concerns for
patient health information to be communicated through unsecure
methods such as email and text using personal smartphones [3].

This study explores the uses of personal smartphones by medical
students during their clinical rotations and describes the
perceived impact on the confidentiality of personal health
information and professionalism.

Methods

Study Population
Participants were fourth-year medical students from the Faculty
of Medicine at the University of Toronto. Participants would
have been exposed to all of their clinical rotations in the various
medical specialties.

Survey Development
We developed the survey through an iterative process using
standard survey methodology [16]. A literature search was
conducted on MEDLINE to identify publications describing
the uses of personal smartphones in the clinical environment
(search terms: [cellular phone or smartphone or smart phone or
iPhone or Android or BlackBerry or iPad or Windows mobile

or personal digital assistant or mobile computer or mobile
phone] AND [medical student or resident or physician] AND
[medical education]). Semi-structured interviews were also
conducted with seven medical students from the University of
Toronto to examine their use of personal phones in the clinical
environment. Important domains were identified and questions
were generated through the literature review, interviews, and
expert feedback. An expert group in the field of clinical
informatics (RW, DM, VL, and SQ) reviewed the survey for
content and face validity, comprehensiveness, and clarity.
Pre-testing occurred with two focus groups consisting of
individuals with research and/or design backgrounds who
reviewed the survey for clarity and interpretation of individual
questions. We then pilot-tested the survey with nine medical
students and obtained feedback. The final survey consisted of
19 questions (Multimedia Appendix 1). A 5-point scale was
used to express frequency for seven items and a 5-point Likert
scale was used to express level of agreement for nine questions.
The remaining three questions asked about the type, uses, and
security features on medical students’ personal mobile phones.

Data Collection and Analysis
In February 2013, medical students from the University of
Toronto were surveyed during their final year of the medical
school curriculum. Each student was provided with a paper
survey at the beginning of his/her Transition to Residency course
(all fourth-year medical students are required to take the course).
A project manager for the Undergraduate Medical Education
program distributed surveys at the beginning of class and
completed surveys were collected during a class break. Students
were informed that participation was voluntary and responses
were anonymous and confidential. The study was approved by
The University of Toronto Research Ethics Board. Descriptive
statistics were generated from the survey results using Microsoft
Excel.

Results

Uses of Personal Smartphones
The overall response rate was 45.4% (99/218). Nearly all (98%,
97/99) of the respondents currently owned a personal
smartphone and the majority (79%, 78/99) of participants owned
iPhones (Table 1).

Medical students reported using their personal smartphones for
multiple purposes during their clinical rotations. The majority
of students used their personal phone to communicate with
medical team members about patient-related matters (86%,
85/99) and non−patient-related matters (93%, 92/99). Although
71% (70/99) of students had password protection on their phone,
the survey revealed that 26% (26/99) of students’phones lacked
any type of security feature.

J Med Internet Res 2014 | vol. 16 | iss. 5 |e132 | p.81http://www.jmir.org/2014/5/e132/
(page number not for citation purposes)

Tran et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. The type, uses, and security features on medical students’ personal mobile phones (n=99).

n (%)Answer optionsQuestion

78 (79)iPhone1. What type of personal mobile phone do you currently use?a

6 (6)BlackBerry

0 (0)Windows Phone

14 (14)Android

2 (2)Cellular phone (non-smartphone)

1 (1)Other: Nokia smartphone

3 (3)Communication with patients2. How do you use your personal mobile phone during clinical
rotations?

85 (86)Communication with other medical team members (patient-
related)

92 (93)Communication with other medical team members (not patient-
related)

92 (93)Medical references, resources, and applications

6 (6)View patient information

89 (90)Personal purposes (not work-related)

70 (71)Password protection3. What type of security features do you have on your personal
mobile phone?

5 (5)Encryption

6 (6)I don’t know

26 (26)None

aTwo participants reported using two types of personal mobile phones.

The Disruptive Nature of Smartphones
A total of 46% (45/97) of medical students stated that they had
answered/made a call, texted, or emailed on their personal phone
during patient encounters (Table 2, Q1). However, 93% (89/96)
of students perceived that their senior resident or attending
physician interrupted patient meetings to answer/make a call,
text, or email (Table 2, Q2). The disruptive nature of mobile

phones also appeared to impact educational sessions with 31%
(30/97) of medical students and 19% (18/96) of senior residents
and attending physicians frequently interrupting an educational
session to use their mobile phone (Table 2, Q3, Q4). In terms
of personal use of their smartphones, 64% (61/95) of students
frequently or always used their personal mobile phone for
personal matters during their clinical rotations (Table 2, Q5).
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Table 2. Participants’ experiences using personal mobile technology during clinical rotations (n=99)a.

Always

(>10 times / day),

n (%)

Frequently

(1-10 times / day),

n (%)

Occasionally

(1-6 times / week),

n (%)

Rarely

(1-3 times / month),

n (%)

Never,

n (%)

Question

0 (0)0 (0)10 (10)35 (36)52 (54)Q1. I have answered/made a call, texted, or emailed
on my personal mobile phone while I was with a pa-
tient.

0 (0)10 (10)41 (43)38 (40)7 (7)Q2. My senior resident or attending physician has in-
terrupted a patient meeting to answer/make a call, text,
or email.

5 (5)30 (31)32 (33)24 (25)6 (6)Q3. I have answered/made a call, texted, or emailed
on my personal mobile phone while I was in an educa-
tional session (eg, teaching rounds, bullet rounds, etc)

0 (0)18 (19)34 (35)41 (43)3 (3)Q4. My senior resident or attending physician has in-
terrupted an educational session to answer/make a call,
text, or email.

12 (13)49 (52)25 (26)7 (7)2 (2)Q5. I used my personal mobile phone for personal
matters (eg, personal texts, calls, etc) during clinical
rotations.

0 (0)1 (1)3 (3)17 (18)75 (78)Q6. I used my personal mobile phone to text or email
identifiable patient data (eg, patient last name, OHIP
number, medical record number, etc) to colleagues.

0 (0)4 (4)9 (10)38 (42)40 (44)Q7. My senior resident or attending physician has
texted or emailed identifiable patient data to col-
leagues.

aA total of 99 surveys were returned but some participants did not answer every question.

Communicating Patients’Personal Health Information
In total, 78% (75/96) of students reported that they had never
used their personal phone to text or email identifiable patient
information to colleagues (Table 2, Q6). However, students
reported that their senior residents or attending physicians were
more likely to communicate identifiable patient information to
colleagues, as only 44% (40/91) of students reported that their
senior or attending had never texted or emailed identifiable
patient information (Table 2, Q7). In terms of efficiency and
patient care, 94% (90/96) of students believed that using their
personal phone for clinical work made them more efficient and

86% (82/95) of students believed their personal phone allowed
them to provide better patient care (Table 3, Q14, Q16).
Although 68% (65/95) of students believed the use of personal
phones for patient-related communication with colleagues poses
a risk to the privacy and confidentiality of patient health
information (Table 3, Q12), 22% (21/96) of participants still
used their personal phone to text or email identifiable patient
data to colleagues (Table 2, Q6). The majority of students (57%,
55/96) believed that the efficiency of communicating with
colleagues through text and email using their personal phone
outweighed the risk to the privacy and confidentiality of patient
health information (Table 3, Q15).
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Table 3. Participants’ attitudes about using personal mobile technologies for clinical work purposes (n=99)a.

Strongly agree,

n (%)

Agree,

n (%)

Neutral,

n (%)

Disagree,

n (%)

Strongly disagree,

n (%)

Question

8 (8)48 (51)18 (19)18 (19)3 (3)Q8. The medical school curriculum has educated me on appro-
priate and inappropriate ways to use my personal mobile phone
for communicating patient information.

3 (3)19 (20)16 (17)36 (37)22 (23)Q9. My senior resident or attending physician has given me
feedback on appropriate and inappropriate ways to use my
personal mobile phone for communicating patient information.

5 (5)36 (38)27 (28)23 (24)5 (5)Q10. The medical school curriculum has educated me on appro-
priate and inappropriate ways to conduct myself professionally
with mobile technology.

0 (0)9 (9)26 (27)42 (44)19 (20)Q11. My senior resident or attending physician has given me
feedback on appropriate and inappropriate ways to conduct
myself professionally with mobile technology.

27 (28)38 (40)21 (22)7 (7)2 (2)Q12. The use of personal mobile phones for patient-related
communication with colleagues poses a risk to the privacy and
confidentiality of patient health information.

0 (0)19 (20)20 (21)40 (42)17 (18)Q13. My personal mobile phone is distracting during clinical
work.

36 (38)54 (56)5 (5)1 (1)0 (0)Q14. Using my personal mobile phone for clinical work makes
me more efficient.

9 (9)46 (48)24 (25)12 (13)5 (5)Q15. The efficiency of communicating with colleagues through
text and email using my personal mobile phone outweighs the
risk to the privacy and confidentiality of patient health informa-
tion.

23 (24)59 (62)13 (14)0 (0)0 (0)Q16. Using my personal mobile phone for clinical work allows
me to provide better patient care.

aA total of 99 surveys were returned but some participants did not answer every question.

Preparedness for Using Personal Smartphones in a
Clinical Environment
A total of 59% (56/95) of students agreed or strongly agreed
that their medical school curriculum had educated them on
appropriate and inappropriate ways to use their personal mobile
phone for communicating patient information (Table 3, Q8);
43% (41/96) of students believed their medical school
curriculum had educated them on appropriate and inappropriate
ways to conduct themselves professionally with mobile
technology (Table 3, Q10).

Discussion

Principal Results
Personal smartphone use among medical students has become
ubiquitous in health care settings. Our results provide a
description of how and why medical students are using their
personal smartphones. In addition, we describe the possible
issues that could arise relating to medical students’ level of
preparedness on the appropriate and inappropriate use of their
smartphones in the clinical environment. Students are using
their personal smartphones for work-related functions such as
communicating with medical team members about
patient-related and non−patient-related matters and using
medical references, resources, and applications. They perceive
that smartphone use increases their efficiency. While they

communicate patient-related information using their personal
phones, most medical students did not report communicating
patient identifiable personal health information (PHI) in texts
or emails. However, the majority (56%) of students reported
that their senior residents and attending physicians had
communicated patient identifiable PHI. In terms of preparedness,
approximately half of students perceived they were educated
on appropriate uses of their personal smartphones.

The personal smartphones of most participants lacked the
necessary security features to protect the sensitive information
that they may be sharing. As required by the Personal Health
Information Protection Act (PHIPA), smartphones must be
configured to operate in a secure manner when used to transmit
or store personal health information [17]. Security features
include the encryption of transmissions, password protection,
and automated data wiping [17,18]. In recent years, the US
Department of Health and Human Services has issued large
fines to health care organizations and groups violating policies
set out in the Health Insurance Portability and Accountability
Act (HIPAA) [19]. These actions present a clear message that
all health care providers and organizations will be held
accountable for protecting their patients’ health information.

Despite security concerns over using personal smartphones for
clinical work purposes, medical students perceive that their
devices make them more efficient and allow them to provide
better patient care. The majority believe that the benefits of
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perceived better care outweigh the possible harms of unsecure
communication. However, this increased connectivity may have
a negative impact on professionalism such as “distracted
doctoring”, which may disrupt patient care and education.

Although a vast majority of medical students are using their
personal smartphones in the clinical environment, many students
do not feel that the medical school curriculum or role modeling
has educated them on appropriate and inappropriate ways to
use their personal smartphone for clinical work. There is
increasing recognition that smartphone use by clinicians can be
perceived to be unprofessional [2]. By answering their phone
or responding to a text message during patient encounters,
medical students and physicians can be perceived to be rude
[20]. Through the medical school curriculum and role modeling,
mobile etiquette should be taught to students so that they know
where, when, and how it is appropriate to use their mobile
technologies. Institutional policies regarding smartphone use
in the clinical environment may also be beneficial [21]. This
education would address issues of professionalism that can arise
with the use of personal smartphones in clinical environments
[12,13,15].

Our findings raise concerns over the security of personal health
information. The use of personal smartphones for clinical work
may increase efficiency, but there is concern about privacy
breaches through unsecure sharing of confidential information.
While individual clinicians including medical students, residents,
and staff physicians need to understand the importance of
keeping personal health information secure, it is the
responsibility of the institutions to provide an effective, secure
communication infrastructure for clinicians. Otherwise, we can
expect ongoing privacy breaches.

Limitations
This study has several limitations. The study only included
medical students from a single university in Canada and our
response rate was only 45.4%. We may also have a biased
selection of medical students who own smartphones. However,
the university is affiliated with five academic teaching hospitals.
With a total of 99 responses, we believe that these results are

likely to be generalizable to medical teaching institutions in
Canada and the United States. The study also examined
self-reported experiences. Participant responses were, therefore,
subject to both recall bias and response bias. In addition, due
to the sensitive nature of PHI, communication of PHI may be
under-reported. Our findings show that students perceived their
senior residents or attending physicians to communicate PHI
more often than they reported for themselves. However, it is
unclear whether the devices their senior residents or attending
physicians were using to communicate PHI were personal
phones or institutional devices.

Comparison With Prior Work
Some of our findings are consistent with the literature reporting
high use of smartphones by clinicians for work purposes.
Consistent with previous literature, smartphones are being used
for clinical and educational purposes and perceived
improvements in efficiency have been reported [1-4,6]. Issues
around interruptions resulting from smartphone use have also
previously been described [22-24]. Additionally, professionalism
issues have been described with medical trainees using
smartphones in the clinical setting [20]. However, our study
contributes original knowledge regarding personal smartphone
use by medical students in the clinical environment: specifically,
the prevalence of smartphone ownership among medical
students, the various uses of personal smartphones, and students’
level of preparedness for using their personal smartphones in
the clinical environment.

Conclusions
The use of personal smartphones in the clinical environment is
an established reality. It is evident that medical students prefer
to use their personal smartphones for clinical work as they
perceive that these devices make them more efficient and allow
them to provide better patient care. With the popularity of
personal smartphones, it is critical that more attention be focused
on educating medical professionals on how to appropriately use
their personal devices for clinical work as well as adopting
secure means for clinical communication.
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Abstract

Background: Improvements in mobile telecommunication technologies have enabled clinicians to collect patient-reported
outcome (PRO) data more frequently, but there is as yet limited evidence regarding the frequency with which PRO data can be
collected via smartphone applications (apps) in breast cancer patients receiving chemotherapy.

Objective: The primary objective of this study was to determine the feasibility of an app for sleep disturbance-related data
collection from breast cancer patients receiving chemotherapy. A secondary objective was to identify the variables associated
with better compliance in order to identify the optimal subgroups to include in future studies of smartphone-based interventions.

Methods: Between March 2013 and July 2013, patients who planned to receive neoadjuvant chemotherapy for breast cancer
at Asan Medical Center who had access to a smartphone app were enrolled just before the start of their chemotherapy and asked
to self-report their sleep patterns, anxiety severity, and mood status via a smartphone app on a daily basis during the 90-day study
period. Push notifications were sent to participants daily at 9 am and 7 pm. Data regarding the patients’ demographics, interval
from enrollment to first self-report, baseline Beck’s Depression Inventory (BDI) score, and health-related quality of life score
(as assessed using the EuroQol Five Dimensional [EQ5D-3L] questionnaire) were collected to ascertain the factors associated
with compliance with the self-reporting process.

Results: A total of 30 participants (mean age 45 years, SD 6; range 35-65 years) were analyzed in this study. In total, 2700
daily push notifications were sent to these 30 participants over the 90-day study period via their smartphones, resulting in the
collection of 1215 self-reporting sleep-disturbance data items (overall compliance rate=45.0%, 1215/2700). The median value
of individual patient-level reporting rates was 41.1% (range 6.7-95.6%). The longitudinal day-level compliance curve fell to
50.0% at day 34 and reached a nadir of 13.3% at day 90. The cumulative longitudinal compliance curve exhibited a steady decrease
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by about 50% at day 70 and continued to fall to 45% on day 90. Women without any form of employment exhibited the higher
compliance rate. There was no association between any of the other patient characteristics (ie, demographics, and BDI and
EQ5D-3L scores) and compliance. The mean individual patient-level reporting rate was higher for the subgroup with a 1-day lag
time, defined as starting to self-report on the day immediately after enrollment, than for those with a lag of 2 or more days (51.6%,
SD 24.0 and 29.6%, SD 25.3, respectively; P=.03).

Conclusions: The 90-day longitudinal collection of daily self-reporting sleep-disturbance data via a smartphone app was found
to be feasible. Further research should focus on how to sustain compliance with this self-reporting for a longer time and select
subpopulations with higher rates of compliance for mobile health care.

(J Med Internet Res 2014;16(5):e135)   doi:10.2196/jmir.3421

KEYWORDS

mobile applications; self report; compliance; breast cancer

Introduction

Electronic health (eHealth) can be defined as the practice of
medicine and public health using information and
communication technology (ICT), such as computers, mobile
phones, and satellite communications [1]. The term mobile
health (mHealth) has emerged as a subcategory of eHealth and
is now used when the practice involves using wireless
communications and especially mobile phones or smartphones,
which are now used by more than 70% of the population in
some countries, including the United Arab Emirates, South
Korea, Saudi Arabia, and Singapore (as of 2013; see Multimedia
Appendix 1). Although evidence regarding the value of
incorporating mobile phone-based patient-reported outcome
(PRO) data into cancer patients’ care is still in the embryonic
stage, noteworthy to date are demonstrations of the feasibility
of mHealth—and specifically the use of mobile phones—to
assist in the collection of PROs on disease-related vital signs
[2,3], treatment-related side effects [4], and possibly
comprehensive psychological status [5].

Prior to the eHealth era, the collection of PROs in the oncology
field was based simply on patient recall at clinic visits or by
asking patients to keep paper diaries outside the clinic. However,
patient recall is inherently inaccurate and plagued by potential
bias and the actual compliance with keeping paper diaries
according to protocols has proved to be much lower than was
expected [6], thus undermining the rationale for using it. The
advent of ICT, which can build survey systems with a broad
range of clinical uses, has made it possible to capture PRO data
in real time and broken through a key barrier to the use PRO
data in the clinical-care setting. These kinds of electronic PROs
(ePROs) from waiting rooms in the hospital [7,8], as well as
from home [9], have reportedly been successfully collected with
high mean compliance rates and patient satisfaction and are
now increasingly used in routine outpatient cancer care to guide
clinical decisions and enhance communication. However, most
of the available evidence has been obtained from studies using
tablets or desktop computers [7-9] and none of the evidence
collected using mobile phones [2,4,10-12] involved the currently
available smartphones that have unique functions such as push
notification and flexible applications (apps). To the best of our
knowledge, there is limited information regarding the feasibility
and acceptability of smartphone-based collection of PROs for

cancer patients receiving chemotherapy and in particular for
daily data collections over long periods of time.

The primary objective of this study was to determine the
feasibility of using a smartphone app to collect sleep
disturbance-related data from breast cancer patients receiving
chemotherapy, with overall and individual reporting rates. We
also sought to determine whether the patients stopped
responding via the app after a short time by calculating a
longitudinal reporting rate per day over a period of 90 days. A
secondary objective was to elucidate the variables associated
with a higher compliance rate in order to identify the optimal
subgroups to include in future studies of smartphone-based
interventions.

Methods

Participant Recruitment
Patients who were planning to receive neoadjuvant
chemotherapy for breast cancer were recruited for participation
in this feasibility study when they were admitted to the Breast
Cancer Center, Asan Medical Center, Seoul, South Korea, for
2 nights to evaluate the disease status for preoperative
chemotherapy between March 2013 and July 2013. To be
eligible for this study, patients had to indicate app avidity, be
current iOS or Android smartphone users, and be able to read
and understand Korean. In some cases, the app did not run
properly due to unexpected incompatibility between the
smartphones’ display specifications and the app.

Among the 67 patients initially recruited for participation, 29
were excluded for the following reasons: incompatibility of the
app with their smartphone’s display specifications (n=14), not
a current smartphone user or no app avidity (n=9), not interested
in the research (n=5), and language barrier (n=1). A total of 38
patients were enrolled and provided informed consent to
participate (IRB no. 2012-0709). Of these, 8 patients were not
included in the analysis performed in this feasibility study
because they did not start to use the app or did not report
sleep-disturbance symptoms at all after providing consent to
participate at admission (Figure 1).

The participants were presented with information regarding the
study and the app, called “Pit-a-Pat”, which was developed for
both the iOS and Android platforms, and has been described
previously [13]. A 30-minute interview with each patient at
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admission included the following items: downloading of the
app; entering baseline demographics such as age, educational
attainment, marital status, cohabitation status, and occupation
into the app; instructions on how to log in to the app and report
information about sleep disturbance (possibly caused by the
breast cancer itself and the chemotherapy); and baseline survey
of health-related quality of life (HRQOL) status as assessed

using the EQ5D-3L questionnaire and depression status as
assessed using Beck’s Depression Inventory (BDI).

After a 2-night admission for workup, the participants were
discharged and scheduled to visit the outpatient clinic 7 days
later (on average) to receive neoadjuvant chemotherapy. The
workup results for neoadjuvant chemotherapy, such as regional
lymph node metastasis, hormone receptor expression, and
planned chemotherapeutic agents regimens, were also collected.

Figure 1. Study design and participant flow.

Daily Collection of Symptoms via the App
Briefly, the app in this study was developed for cancer patients
to self-report three kinds of health experience that may be caused
by the effect of the diagnosis with breast cancer itself and the

subsequent treatments: (1) sleep-disturbance symptoms related
to mild depression, (2) acute symptoms related to cytotoxic
chemotherapeutic agents, and (3) medication diary for
antihormonal treatment such as tamoxifen and aromatase
inhibitor. The sleep-disturbance symptoms related to mild
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depression were assessed using a six-item questionnaire: (1)
time of falling asleep, (2) time of waking up, (3) number of
awakenings during the total sleep period, (4) quality of total
sleep on a 10-point rating scale, (5) present mood status on a
7-point rating scale, and (6) severity of present anxiety on a
10-point rating scale. The sleeping and waking times (in
minutes) were stored as continuous variables. The 10-point
rating scale for quality of total sleep and severity of present
anxiety was displayed as a distress thermometer and the 7-point
rating scale for mood status was displayed as faces with a range
of expressions. The six items were displayed in three sequential
pages as shown in Figure 2.

Participants were informed that they could start reporting their
symptoms via the app at any time from the day following their
provision of consent. Once the app was activated, push
notifications were sent to the participants daily at 9 am and 6
pm, asking them to daily self-report sleep patterns, anxiety
severity, and mood status via the smartphone app over a 90-day
period. After entering appropriate answers to all six items
without missing values, a participant could touch the send button
and be considered as having completed a self-report of her
sleep-disturbance symptoms on that specific day. The same
push notification process was repeated for all participants during

the study period, irrespective of their reporting rates. A database
system collected the information about daily requests and inputs
(ie, anonymized user ID, item ID, date and time of input, and
input value), as well as baseline demographics.

The database system was connected to our electronic medical
record system to enable clinicians to review the data. During
the 90-day study period, clinicians could review the participants’
self-reporting data at the outpatient clinic at 3-week intervals,
and managed them in the same way as the nonparticipating
patients for the reported symptoms, since this was a study only
related to feasibility. Participants were not provided with a
smartphone for this study, instead being required to use their
own device. Furthermore, they did not receive any
reimbursement of expenses for extra data usage caused by
utilization of the app, or any financial incentive for participating
in the study.

At the end of the study period, the participants received a push
notification requesting reasons for missing self-reporting, by
choosing from the following possible responses: “The app didn’t
work properly”, “I forgot”, “I didn’t think it was useful”, “I was
too sick”, “I didn’t feel like it”, “It was inconvenient”, or “I was
too busy”. Among the 30 participants who received 90 requests
for self-reporting, 24 responded and their data were analyzed.

Figure 2. Screenshot of the app for self-reporting of sleep disturbance data.

Statistical Analysis
The feasibility of this self-reporting system was analyzed by
calculating individual patient-level reporting rates, defined as

the total number of days in which self-reporting was completed
divided by 90 for each participant, and a longitudinal day-level
reporting rate, defined as the total number of participants who
completed self-reporting divided by 30 on a single specific day
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from the start of self-reporting. A cumulative longitudinal
day-level reporting rate was also defined as the mean of all
longitudinal day-level reporting rates from the starting day until
the specified day. For example, the longitudinal day-level
reporting rate at day 34 indicates the number of participants

self-reporting on the 34th day since the starting day divided by
30 and the cumulative longitudinal day-level reporting rate at
day 34 indicates the mean value of all longitudinal day-level
reporting rates from day 1 to day 34. A longitudinal compliance
curve was plotted by connecting the 90 longitudinal day-level
reporting rates for each day over the 90-day study period and a
cumulative longitudinal compliance curve with 90 cumulative
longitudinal day-level reporting rates over time. For the
cumulative dropout probability curve, a dropout event was
defined as when a cumulative longitudinal day-level reporting
rate of a participant decreases first to below 28.6%, which means
that she reported less than twice per week, which is almost the
same as the weekly biodata collection.

For a priori threshold criteria for good compliance, prior
feasibility studies in related contexts were reviewed [3,4,7-9,14]
to determine whether this daily data-collection approach via
smartphone app merited further development. On a reasonable
threshold for feasibility, experts came to the conclusion that the
previous evidence was insufficient because of small samples
[3,4], use of a tablet, desktop computer, or conventional mobile
phones rather than a current smartphone [3,4,7-9,14], and
inclusion of patients with noncancerous chronic diseases [3].
Instead, we decided to explore the feasibility ourselves, focusing
on the following characteristics of this study cohort: women
with breast cancer, receiving chemotherapy, daily collection,
smartphone with an app, and South Korea’s high degree of
smartphone penetration. In addition, we planned to establish an
appropriate cutoff for the higher compliance rate after describing
the distribution of various reporting rates.

The chi-square test and t test were used to identify differences
in variables between groups with higher and lower rates of
compliance. Baseline patient variables of interest included age,
educational attainment, occupation status, HRQOL status, BDI

score, and interval from enrollment to first self-reporting. This
study was performed in a cohort with uniform characteristics
in terms of race, cancer type and stage, and Eastern Cooperative
Oncology Group performance status. Except where stated
otherwise, the data are presented as mean (SD) values and the
threshold of statistical significance was set at P<.05. All
statistical analyses were performed using SPSS version 12.0
(SPSS, Chicago, IL, USA).

Results

Participant Characteristics
Between March 2013 and July 2013, 67 patients were initially
eligible for participation. However, 14 patients (20%, 14/67)
could not participate in this study because of inherent
technological limitations in the development of the app causing
incompatibility with their smartphone’s display specifications.
Among the 53 women who did not experience technical
problems in using the app, 9 (17%, 9/53) showed no interest in
either their smartphone or the app and 5 (9%, 5/53) refused to
participate in this study because they were not interested in the
research. Of the 38 eligible patients who were actually enrolled
into this feasibility study, 8 (21%, 8/38) did not start to use the
app. The final analysis thus included 30 patients (mean age 45
years, SD 6; range 36-65 years), all 30 of whom were Korean
women who had been diagnosed with breast cancer within 4
weeks prior to enrollment; 73% (22/30) were 50 years old, 47%
(14/30) had an educational attainment of college level or higher,
and 43% (13/30) were currently employed. The baseline BDI
and EQ5D-3L scores were 11.5 (SD 8.8) (range 0-35) and 0.92
(SD 0.09) (range 0.56-1.00), respectively. For tumor
characteristics, lymph-node metastases were confirmed in 77%
(23/30), 60% (18/30) were hormone-responsive breast cancer,
and those with any kind of distant metastases were excluded.
During the 90-day study period, all participants received
adriamycin-based (87%, 26/30) or epirubicin-based (13%, 4/30)
combinational chemotherapeutic agents, of whom 77% (23/30)
received additional docetaxel because of positive lymph-node
metastasis after this feasibility study (Table 1).
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Table 1. Baseline demographics of patients (n=30).

PHigher compliance
rate

(n=15)

Lower compliance
rate

(n=15)

Total

(n=30)

Characteristic

n (%)

Age

NSa45 (8)46 (5)45 (6)Mean (SD) years

36-6538-5536-65Range, years

NS11 (73)11 (73)22 (73)≤49 years

4 (27)4 (27)8 (27)≥50 years

NSLevel of educational attainment

6 (40)10 (67)16 (53)Up to high school

9 (60)5 (33)14 (47)College or greater

NSMarital status

13 (86)13 (87)26 (87)Married

1 (7)0 (0)1 (3)Single

1 (7)2 (13)3 (10)Divorced

NSCohabiting

13 (87)15 (100)28 (93)Yes

2 (13)0 (0)2 (7)No

.03Occupation

3 (20)10 (67)13 (43)Yes (of any kind)

12 (80)5 (33)17 (57)No (eg, stay-at-home mother)

BDI b score

NS11.1 (9.4)11.9 (8.5)11.5 (8.8)Mean (SD)

0-351-330-35Range

NS11 (73)10 (67)21 (70)≤15

4 (27)5 (33)9 (30)≥16

HRQOL c with EQ5D-3L d

NSEQ5D-3L VAS e score

70.9 (16.6)68.3 (16.0)69.6 (16.1)Mean (SD)

38-9945-9538-99Range

NSEQ5D-3L utility score

0.91 (0.11)0.92 (0.07)0.92 (0.09)Mean (SD)

0.56-1.000.74-1.000.56-1.00Range

NSMobility

14 (93)15 (100)29 (97)No problems

1 (7)0 (0)1 (3)Problems

NSSelf-care

15 (100)15 (100)30 (100)No problems

0 (0)0 (0)0 (0)Problems

NSUsual activities

14 (93)15 (100)29 (97)No problems

1 (7)0 (0)1 (3)Problems
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PHigher compliance
rate

(n=15)

Lower compliance
rate

(n=15)

Total

(n=30)

Characteristic

n (%)

NSPain/discomfort

8 (53)11 (73)19 (63)No problems

7 (47)4 (27)11 (37)Problems

NSAnxiety/depression

8 (53)6 (40)14 (47)No problems

7 (47)9 (60)16 (53)Problems

NSLymph node metastasis

3 (20)4 (27)7 (23)Negative

12 (80)11 (73)23 (77)Positive

NSHormone receptor status

12 (80)6 (40)18 (60)Positive

3 (20)9 (60)12 (40)Negative

NSNeoadjuvant chemotherapy regimen

3 (20)4 (27)7 (23)ACf#4

12 (80)7 (46)19 (64)AC#4 followed by docetaxel#4

0 (0)4 (27)4 (13)FECg#3 followed by docetaxel#3

aNot significant.
bBDI: Beck’s Depression Inventory.
cHRQOL: health-related quality of life.
dEQ5D-3L: EuroQol Five Dimensional Questionnaire.
eVisual analog scale.
fCombination of doxorubicin+cyclophosphamide chemotherapy.
gCombination of 5-fluorouracil+epirubicin+cyclophosphamide chemotherapy.

Feasibility Analysis
In total, 2700 daily push notifications were sent to the 30
participants via their smartphones during the 30-day study
period; 1215 responses were received containing completed
self-reporting sleep-disturbance data (overall compliance
rate=45.0%; 1215/2700). The median individual patient-level
reporting rates from the 30 participants was 41.1% (range
6.7-95.6%), with the following distribution: 6 (20%, 6/30), 9
(30%, 9/30), 6 (20%, 6/30), 7 (23%, 7/30), and 2 (7%, 2/30)
ranging from 0% to 20%, 21% to 40%, 41% to 60%, 61% to
80%, and 81% to 100%, respectively (Figure 3).

The longitudinal day-level reporting rate on day 1 is theoretically
100%, because that day is the first day when all participants

started to use the app. The longitudinal day-level reporting rates
from day 1 to day 90 were calculated at daily intervals and
plotted as a longitudinal compliance curve. The longitudinal
compliance curve for this app decreased rapidly to about 50.0%
at day 34 after the start of self-reporting, and continued to
decrease steadily thereafter, reaching a nadir of 13.3% at day
90. The cumulative longitudinal compliance curve (representing
overall compliance) revealed a steady decrease by about 50%
at day 70, and continued to fall to 45% on day 90. Cumulative
dropout probabilities showed that 10% (3/30) of all participants
self-reported less than twice per week on average (cumulative
longitudinal compliance rate <28.6%) during the first 28 days,
20% (6/30) during the first 56 days, and 33.3% (10/30) during
the 90-day study period (Figure 4).
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Figure 3. Distribution of individual patient-level reporting rates.

Figure 4. Changes in compliance over time.

Variables Associated With Compliance
The distribution of individual patient-level reporting rates
depicted in Figure 3 exhibited a bimodal pattern, from which
the median cutoff for dichotomization into higher and lower
compliance groups was determined. The only variable
significantly associated with greater compliance was
occupational status, such that women without any kind of
employment were associated with a higher rate of compliance
(P=.03; Table 1). Furthermore, the individual patient-level
reporting rate of this jobless subgroup was significantly higher
than that of those with some form of employment (55.9%, SD
25.7 and 30.7%, SD 19.2, respectively; P=.006; Table 2).
Average individual patient-level reporting rates in each subgroup
classified according to the clinicopathologic variables are
summarized in Table 2. Age, educational attainment, marital
status, cohabitation status, and baseline BDI and HRQOL scores
were not significantly associated with compliance. This study

cohort was clinically homogeneous and the lymph-node status,
hormone receptor expression, and chemotherapy regimens did
not differ significantly between the two compliance subgroups
(Table 1).

The interval from enrollment to first self-reporting (ie, lag time)
was also investigated in this study. As shown in Figure 1, a push
notification that asked “Did you check your journals today?”
was sent daily to the patients’ smartphones from the day after
enrollment and the participants were able to begin their
self-reporting via the app from that day at their leisure. There
was no additional reminder process via any type of online or
offline tool. The intervals from enrollment to first self-report
are depicted in Figure 5 (median 1 day; range 1-16 days). The
mean individual patient-level reporting rate was higher for the
subgroup with a 1-day lag time, defined as starting to self-report
on the day immediately after enrollment, than for those with a
lag of 2 or more days (51.6%, SD 24.0 and 29.6%, SD 25.3,
respectively; P=.03).
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Table 2. Average individual patient-level reporting rates in each subgroup classified according to the clinicopathologic variables (n=30).

Individual patient-level reporting rate (%)n (%)Subgroup classified according to each variable

PRangeMean (SD)

NSaAge

7.8-94.446.0 (23.8)22 (73)Young age (≤49 years)

6.7-95.642.4 (33.1)8 (27)Old age (≥50 years)

NSLevel of educational attainment

6.7-95.640.3 (24.8)16 (53)Up to high school

7.8-94.450.3 (27.3)14 (47)College or greater

NSMarital status

6.7-95.645.6 (26.4)26 (87)Married

50.01 (3)Single

7.8-71.137.8 (31.8)3 (10)Divorced

NSCohabiting

6.7-95.643.6 (26.1)28 (93)Yes

50.0-80.065.0 (21.2)2 (7)No

.006Occupation

6.7-71.130.7 (19.2)13 (43)Yes (of any kind)

10.0-95.655.9 (25.7)17 (57)No (eg, stay-at-home mother)

NSBaseline anxiety status with BDI b

7.8-95.646.2 (27.8)21 (70)No anxiety (BDI≤15)

6.7-80.042.2 (22.7)9 (30)Anxiety (BDI≥16)

NSPain/discomfort status with EQ5D-3L c

6.7-95.641.2 (27.5)19 (63)No problems

24.4-80.051.6 (23.0)11 (37)Problems

NSAnxiety/depression status with EQ5D-3L

7.8-95.649.6 (29.9)14 (47)No problems

6.7-78.941.0 (22.3)16 (53)Problems

NSDisease status

13.3-95.641.6 (31.4)7 (23)Localized

6.7-94.446.0 (24.9)23 (77)Advanced

NSHormone receptor status

6.7-95.652.8 (24.8)18 (60)Positive

7.8-94.433.2 (24.2)12 (40)Negative

NSNeoadjuvant chemotherapy regimen

13.3-95.641.6 (31.4)7 (23)ACd#4

6.7-94.450.7 (24.6)19 (64)AC#4 followed by docetaxel#4

7.8-33.323.9 (11.1)4 (13)FECe#3 followed by docetaxel#3

aNot significant.
bBDI: Beck’s Depression Inventory.
cEQ5D-3L: EuroQol Five Dimensional Questionnaire.
dCombination of doxorubicin+cyclophosphamide chemotherapy.
eCombination of 5-fluorouracil+epirubicin+cyclophosphamide chemotherapy.
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Figure 5. Intervals from enrollment to first self-reporting. X and O indicate day of enrollment and day of start of self-reporting, respectively.

Primary Reasons for Missing Self-Reporting of Sleep
Disturbance Data
A total of 24 participants responded to the question regarding
their primary reason for missing self-reporting. The most
common response, which accounted for 38% (9/24) of all
responses, was that “The app didn’t work properly.” Other

reasons included “I forgot” (29%, 7/24) and “I didn’t think it
was useful” (21%, 5/24). Minor reasons were “I was too sick”
(8%, 2/24) and “I didn’t feel like it” (4%, 1/24). No missing
data were due to either “It was inconvenient” or “I was too
busy” (Table 3). As shown in Table 3, average individual
patient-level reporting rates in each subgroup categorized
according to the reasons were not statistically different.

Table 3. Reasons for missing a self-reporting event and average individual patient-level reporting rates (n=24).

Individual patient-level reporting rates (%)

mean (SD)an (%)Reason

49.6 (24.6)9 (38)The app didn’t work properlyb

32.4 (23.0)7 (29)I forgot

57.8 (26.6)5 (21)I didn’t think it was useful

42.2 (40.9)2 (8)I was too sick

33.31 (4)I didn’t feel like it

NAc0 (0)It was inconvenient

NAc0 (0)I was too busy

45.0 (31.2)6No response

aMeans among the subgroups were not significantly different by ANOVA (analysis of variance).
bTemporary dysfunctions such as delay or failure of log-on or abnormal shutdown of the app during the self-reporting.
cNot available.
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Discussion

Principal Findings
This study has shown that the collection of patient self-reporting
symptoms via a smartphone at daily intervals for a relatively
long-term period may be feasible in women with a recent
diagnosis of breast cancer and receiving ongoing chemotherapy.
The overall rate of compliance was 45.0% and the median value
of individual compliance (ie, individual patient-level reporting
rates) was 41.1%. About half of the participants did not

self-report at around the 5th week after starting to use the app
and only 13.3% of the participants could be expected to

self-report at the 90th day. We found that in this population,
depression, HRQOL status, and demographic characteristics
such as age and educational level did not affect compliance, but
the results suggest that women who were not currently in
employment and those who started to use the app on the day
immediately after enrollment exhibited greater compliance with
daily self-reporting.

During the past decade, the greatest upsurge of mHealth research
occurred between 2007 and 2008, when the new generation of
smartphones, such as the iPhone and similar devices, were
introduced [15]. Since most mHealth apps in mHealth research
have focused on fields such as chronic conditions [15], followed

by prevention/well-being and acute conditions, the evidence
around smartphones with apps in cancer patients is extremely
limited, particularly regarding the feasibility of nonclinic-based
and daily interval data collection, as in this study. Previous
studies not involving the use of smartphones found that the
completion of online questionnaires on toxicity in patients
receiving chemotherapy was associated with a high compliance
rate (on average more than 70-80%) for self-reporting at office
visits, but only 15.0% actively self-reported from home between
visits [7,8]. However, our overall compliance rate was 45.0%,
which is higher than found in previous studies, especially
considering that the responses originated from the home between
clinic visits and the response interval was daily. In addition, our
overall compliance of 45.0% was calculated based on daily
self-reporting and so can be considered as daily compliance. If
patient-level compliance is quantified, defined as the proportion
of each time unit during which a given patient self-reported at
least once, as in one previous study [9], our weekly, bimonthly,
and monthly compliance rates increase to 69.7%, 76.1%, and
82.2%, respectively, all of which are above a reasonable cutoff
value by experts (Figure 6) [9]. Previous research indicates that
the main barrier to self-reporting via the Internet is not receiving
a reminder while at home (ie, participants simply forget)
[8,9,14]. We can assume that the regular push notifications
available with this kind of app may be responsible for the
higher-than-expected compliance rate seen in the present study.

Figure 6. Comparison of longitudinal compliance rates according to different time units.

The lower compliance observed among women with a current
job may be due to failure to immediately respond to push
notifications and simple forgetfulness. Self-reporting during
the hour immediately following the push notification (9-10 am
and 7-8 pm) accounted for almost half of all responses, which
is consistent with the proportion of women in this cohort without
a current job. However, in women with current employment,
the pattern of self-reporting had two wider peaks (Figure 7). To

improve the rate of an immediate response to push notification,
various schedules for push notification timing from which
patients can choose should be developed into the app in future
studies. We cautiously expect that such tailored push
notifications will improve compliance in the subgroup of the
currently employed, since, as suggested by the data in Table 3,
simple forgetfulness rather than being busy was the primary
reason for missing self-reporting.
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Figure 7. Push notifications and distribution of self-reporting time.

The compliance rate was higher for the subgroup without a lag
time in this study (mean 51.6%, SD 24.0 and 29.6%, SD 25.3,
respectively; P=.03). One possible explanation for this is that
the interval between enrollment to the first self-reporting event
may be a surrogate variable for self-efficacy, which is defined
as the extent or strength of one’s belief in one’s own ability to
complete tasks and reach goals [16]. The concept of self-efficacy
has been receiving increasing recognition as a predictor of
changes and maintenance of health behavior [17], as well as of
the psychological attitudes of cancer patients [18]. A general
self-efficacy questionnaire was not administered in this study
and so we cannot draw any definite conclusions regarding
self-efficacy and compliance. Further investigation focusing on
self-efficacy rather than conventional patients’ characteristics
such as age, educational level, marital status, cohabitation status,
and mood—which were not significantly associated with
self-reporting compliance in this study—might reveal practical
and modifiable predictors for selecting the subgroup with the
highest compliance rate in the emerging smartphone-based
health care field.

In this feasibility study, we also sought to determine the degree
of persistence of compliance and the optimal time interval for
self-reporting of daily changing symptoms, such as the
sleep-disturbance data found in this study. Although it is not
possible to form categorical conclusions regarding these
parameters from the findings of the present single study, the
results will help toward the development of future strategies for
collecting repetitive biodata. Researchers working on
smartphone-based health care can expect interactive and
responsive communications from 50% of women receiving

chemotherapy at the 5th week, from 20-50% between the 6th

and 10th week and from just 10-30% thereafter (Figure 4). In
addition, given daily collection of self-reporting data via
smartphone with an overall compliance of 50%, the entire
collection period should be less than 10 weeks, corresponding
to a cumulative longitudinal day-level reporting rate of 51.3%
(Figure 4). The rationale regarding the dropout cutoff in the
Methods section was that we considered it unreasonable to keep

encouraging daily self-reporting of symptoms by those who
respond on average almost weekly or less. From the cumulative
dropout probability curve, we predicted that 10%, 20%, and
21% of participants would drop out at days 28, 56, and 84,
respectively (Figure 4).

Limitations
The limitations of this study include the enrollment only of
Korean women with breast cancer at a single urban tertiary
cancer center. Other populations may exhibit different
self-reporting characteristics in terms of compliance and should
be independently evaluated. In addition, these findings should
be generalized only after taking into account that this study was
conducted under special circumstances in South Korea in which
there is easy and ubiquitous access to wireless networks and
the penetration of smartphones is the second highest in the
world, after the United Arab Emirates (Multimedia Appendix
1). The study design meant that only patients possessing a
smartphone with app avidity were included. Of the total
population of patients who were approached regarding
participation in this study, 13% (9/67) were excluded by this
criterion. Therefore, the results of the present study should be
interpreted with caution: the compliance rates in this population
may have been overestimated. Nonetheless, this feasibility study
provides an initial understanding of the opportunities for
successful smartphone-based collection of real-time,
self-reporting data, and valuable insights into the development
of more practicable interventions with smartphones in the real
cancer care setting.

Conclusions
In conclusion, the findings of this study suggest that 90-day,
longitudinal collection of daily self-reporting sleep-disturbance
data via a smartphone app is feasible. Further research is needed
to determine how to sustain the compliance with a self-reporting
program over a longer period of time and to select
subpopulations with higher compliance rates for mobile health
care.
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ePROs: electronic PROs
EQ-5D-3L: EuroQol Five Dimensional Questionnaire
HRQOL: health-related quality of life
ICT: information and communication technology
mHealth: mobile health
OS: operating system
PRO: patient-reported outcome
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Abstract

Background: Twitter is an interactive, real-time media that could prove useful in health care. Tweets from cancer patients could
offer insight into the needs of cancer patients.

Objective: The objective of this study was to understand cancer patients’ social media usage and gain insight into patient needs.

Methods: A search was conducted of every publicly available user profile on Twitter in Japan for references to the following:
breast cancer, leukemia, colon cancer, rectal cancer, colorectal cancer, uterine cancer, cervical cancer, stomach cancer, lung
cancer, and ovarian cancer. We then used an application programming interface and a data mining method to conduct a detailed
analysis of the tweets from cancer patients.

Results: Twitter user profiles included references to breast cancer (n=313), leukemia (n=158), uterine or cervical cancer (n=134),
lung cancer (n=87), colon cancer (n=64), and stomach cancer (n=44). A co-occurrence network is seen for all of these cancers,
and each cancer has a unique network conformation. Keywords included words about diagnosis, symptoms, and treatments for
almost all cancers. Words related to social activities were extracted for breast cancer. Words related to vaccination and support
from public insurance were extracted for uterine or cervical cancer.

Conclusions: This study demonstrates that cancer patients share information about their underlying disease, including diagnosis,
symptoms, and treatments, via Twitter. This information could prove useful to health care providers.

(J Med Internet Res 2014;16(5):e137)   doi:10.2196/jmir.3298

KEYWORDS

communication; co-occurrence; Internet; leukemia; Web 2.0

Introduction

Twitter: A Novel Social Media
Twitter is a free social networking and micro-blogging service
that enables its millions of users to send and read each other’s
“tweets”, or short messages limited to 140 characters. The users
themselves determine whether their tweets can be read by the

general public or should be restricted to preselected “followers”.
As of March 2012, the service had more than 200 million
registered users and processed about 400 million tweets per day
[1,2].

A recent analysis of the “Twitter stream” revealed that a
substantial proportion of tweets contain general chatter, that is,
user-to-user conversations that are of interest only to the parties
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involved, links to interesting pieces of news, or spam and
self-promotion [1]. Despite the high level of noise, the Twitter
stream does contain useful information. Recently, we and other
researchers demonstrated that Twitter is emerging as an
important channel for communicating about cancer [3-7]. Many
recent news events or scientific issues have been documented
and discussed via Twitter directly from users on the site in real
time [8]. Although the information that one tweet includes is
limited, Twitter can convey more immediacy with interactivity
than website homepages or blogs [1,9-12], such as the
Association of Cancer Online Resources [9]. Thus, Twitter has
the potential to play a different role in sharing medical
information among patients.

Twitter in Cancer Patients
In a recent case study, we demonstrated that Twitter networks
of cancer patients centered on active users and that these
networks could provide psychological support for cancer patients
[4]. Because of certain restrictions of the search tool, the study
was not able to conduct a large-scale comprehensive qualitative
analysis. Therefore, in the present study, we examine cancer
patients’ social media usage by analyzing the data with a text
mining method using an application programming interface
(API) [2]. Thus, we were able to comprehensively analyze the
Twitter data of cancer patients on a large scale.

Methods

Search for Twitter Accounts of Cancer Patients
A search was conducted of every publicly available user profile
on Twitter in Japan. We examined the number of user accounts
in which the names of cancers are described in the profile. The
search terms included breast cancer, leukemia, colon cancer,
rectal cancer, colorectal cancer, uterine cancer, cervical cancer,
stomach cancer, lung cancer, and ovarian cancer. These names
were alternatively searched using “cancer” in the Japanese
hiragana and katakana writing system and in Chinese characters.
The site used for the profile search was “16 (one-six) Profile
Search β Version for Twitter” [13], which enabled us to search,
in addition to profiles, the number of follows, followers, tweets,
lists, registered dates, and last posted dates. The search was
conducted on August 18, 2013. This study was approved by the
Institutional Review Board at Yamagata University Faculty of
Medicine (H24-133).

Content Analysis of Tweets
Using Twitter API, the latest tweets (maximum 200 tweets)
from each account, found after the above search, were gathered.
Twitter API is a function officially provided by the organization
that operates Twitter to Twitter application developers in order
to provide useful and convenient functions to Twitter users. By
incorporating Twitter API into an application, the application
developer can add Twitter functions such as Twitter search
results or obtaining tweets from Twitter accounts [14].

First, tweets obtained from each account through Twitter API
were separated onto different lines with a period “.”.
Subsequently, these were broken down into morphemes
(“words”) using the Japanese language morpheme analysis
software ChaSen (from the Nara Institute of Science and

Technology, Japan). Here, the words were represented in their
original forms. Nouns were then extracted from these words
and were listed on separate lines. These nouns (“noun group”)
listed in separate lines were then grouped together by account.
Occasionally, verbs and adjectives are also extracted with text
mining. However, in the present study, we did not extract verbs
and adjectives for the following reasons: (1) difficulties in
dealing with negative sentences, and (2) low percentage of the
part of speech of the extracted word. In addition, nouns obtained
that were synonyms were integrated into one noun. Synonyms
were determined by the authors by referring to WordNet Web
search services [15]. Dictionaries that contained words obtained
from the descriptions on websites were used as the default for
ChaSen (“cancer information services” [16] and “good health
care” [17]).

Tweets were obtained during the following dates and times:
0:39–2:52 on August 19, 2012, for stomach cancer, colon and
colorectal cancer, and leukemia tweets; 14:40–17:24 on August
20, 2012, for uterine cancer, breast cancer, and lung cancer
tweets.

Generation of Co-Occurrence Networks
The procedure of generating the co-occurrence network is shown
in Figure 1. Co-occurrence is the relation between the keywords
that appear together in each tweet; thus, co-occurrence means
a close relationship between words. In this study, we
demonstrate the features of tweets by cancer patients by
analyzing the co-occurrence of keywords.

To accomplish this, we created co-occurrence networks using
the following procedure: (1) the tweets from the cancer-related
accounts were broken down into words using ChaSen, (2) from
the noun groups that were combinations of two words, we
counted the number of accounts where the words co-occurred
at least once on the same line of a tweet, and (3) from the word
combinations that co-occurred on the same line of a tweet, the
top 100 most frequent combinations (the top 100 in number of
accounts) were illustrated as a network with words depicted as
nodes and combinations as links. Network analysis software
Cytoscape [18] was used for the illustration. We first used the
spring model as a node placement rule and subsequently made
adjustments such that each word and each link overlapped as
little as possible. The spring model is a method that can illustrate
networks from the perspective of evenness of side length as
well as uniformity and symmetry of node distribution. It regards
each side as a spring that follows Hooke’s law and each node
as an electrically charged particle that follows Coulomb’s law,
and the layout is established by determining the equilibrium
state [19].

In the method we used to create co-occurrence networks in this
study, as a way to handle the high frequency of extremely
specialized tweets, the co-occurrence frequency of co-occurrence
networks was defined as the number of accounts where words
co-occurred in tweets, rather than the number of co-occurrences
of words, which is typically done when creating co-occurrence
networks. This then prevented extremely specialized words
completely unrelated to cancer from appearing in the
co-occurrence networks.
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Figure 1. Procedure for generating the co-occurrence network.

Results

The accounts we searched included references to breast cancer
(n=313), leukemia (n=158), uterine and cervical cancer (n=134),
lung cancer (n=87), colon cancer (n=64), and stomach cancer

(n=44). The co-occurrence networks of those cancers are shown
in Figure 2-7. Table 1 summarizes the keywords from tweets
related to different types of cancer. Each cancer has a unique
network conformation. The keywords included words about
diagnosis, symptoms, and treatments for almost all cancers.

Table 1. Summary of keywords in tweets according to cancer type.

OthersTreatmentsSymptomsDiagnosis

Not availableAnti-cancer drug, TS-1, adminis-
tration of iron

Lumbago, TS-1, side effectsCTa, MRIb, tumor
marker

Stomach cancer

Nursing careChemotherapy, dietELPLAT, side effectsCT, PETcColon and col-
orectal cancer

Educational activity, screening,
not covered by health insurance,
vaccination, official support

Not availableLymphedemaNot availableCancer of uterus
and cervical can-
cer

Palliative careAnti-cancer drug, Iressa, TarcevaMetastasis, shoulder pain, back pain,
Iressa, side effects

CTLung cancer

Palliative care, the pink ribbonChemotherapy, hormonal treat-
ment

Metastasis, lymphedemaSelf-diagnosisBreast cancer

AMLe, hematopoietic stem cell
transplantation

Chemotherapy, steroid treatment,
transfusion of red blood cells,
platelet transfusion

Liver function test, foot pain, immuno-

suppression, GVHDd
Liver function testLeukemia

aCT: computed tomography.
bMRI: magnetic resonance imaging.
cPET: positron emission tomography.
dGVHD: graft-versus-host disease.
eAML: acute myeloid leukemia.
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Figure 2. Co-occurrence network of cancers: breast cancer.

Figure 3. Co-occurrence network of cancers: leukemia.
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Figure 4. Co-occurrence network of cancers: uterine and cervical cancer.

Figure 5. Co-occurrence network of cancers: lung cancer.
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Figure 6. Co-occurrence network of cancers: stomach cancer.

Figure 7. Co-occurrence network of cancers: colon and colorectal cancer.

Discussion

Comprehensive Analysis of Tweets
In this study, we used an information technology procedure to
comprehensively analyze the content of cancer patients’ tweets.

In previous studies, researchers verified each individual tweet,
but this method restricted the range of Twitter information that
could be obtained [4]. Moreover, a notable point of this analysis
method was that we were able to exclude tweets unrelated to
the diseases of interest. Using our method, information on tweets
related to specific diseases can now be collected efficiently.
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Although we used this method to evaluate tweets from cancer
patients, in the future, we plan to apply this method to the study
of other diseases, for example, lifestyle-related diseases.

Twitter data can be obtained from a variety of sources. In this
study, we used Twitter API because it uses an automated
approach to data retrieval and is free of charge. However, the
number of tweets retrieved through Twitter API is capped at
approximately 1% of all tweets, with no assurance of a random
or representative sample [2]. Thus, retrieving Twitter’s full data
stream through automated dashboard vendors or a Twitter data
reseller may provide further findings.

Tweets Related to the Cancers
This study found that information related to cancer, such as
treatment, diagnosis, and symptoms, is shared among cancer
patients on Twitter (Table 1). Furthermore, the extracted
keywords were considered to be medically important for that
specific disease, reflecting the fact that cancer patients use
Twitter as a tool for sharing medical information. Additionally,
depending on the type of cancer, it was clear that there were
specific characteristics to the tweet content. For example, in
uterine or cervical cancer and breast cancer, there were keywords

not related to immediate medical care, for example, “cervical
cancer vaccine” for uterine or cervical cancer and “pink ribbon”
for breast cancer. These most likely indicate that patients are
also affected by the heightened social interest in a cervical
cancer vaccine [20] and the social excitement of the pink ribbon
movement. These topics were also covered by regular news
media, such as TV or newspaper. This indicates that the content
of tweets can be affected by those media.

Conclusions and Future Directions
We indicated in a previous study [4] that Twitter is useful for
cancer patients to exchange ordinary information. As industries
obtain and utilize tweet information from Twitter as marketing
tools, health care will be able to retrieve, study, and make use
of tweet information. In this study, we comprehensively and
efficiently collected tweet information related to diseases,
demonstrating that information about cancer patients can be
collected on social media. Effective use of this information will
be helpful in developing cancer care that better suits the patients’
needs. For example, health care providers can more effectively
give information or medical services to patients, resulting in an
increase in patient satisfaction.
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Abstract

Background: Cognitive training has been playing an increasing role in the treatment of patients with cognitive deficits. This
type of intervention, namely its intensity, can be optimized by incorporating information technology-based systems.

Objective: The intent of the study was to determine the treatment intensity and patient adherence to home-based cognitive
training strategies (Web-based cognitive training).

Methods: A cohort of 45 patients with neurologic and psychiatric diseases attending an outpatient memory clinic (average age
50.7 years, SD 17.0; average education 7.8 years, SD 4.9) was followed over 18 months. Participants were challenged to use a
Web-based cognitive training system, “COGWEB”, on a daily basis, and fulfilled at least four weeks of training supervised
remotely. Additionally, 11 patients attended face-to-face sessions.

Results: The average duration of continuous cognitive training was 18.8 weeks (SD 18.9). Each patient performed on average
363.5 minutes/week (SD 136.6). At 6-month follow-up, 82.8% complied with their treatment plan. The average proportion of
complete weeks was 0.75 (SD 0.22). Patients with dementia trained more intensively (444.6 minutes/week), followed by patients
with static brain lesion (414.5 minutes/week; P=.01). The group that held face-to-face sessions performed more training overall
(481.4 vs 366.9 minutes/week), achieving a stronger expression and statistical significance in the last week of training (652.6
versus 354.9 minutes/week, P=.027).

Conclusions: Overall, the weekly training intensity was high. Patients with dementia and static lesions performed more cognitive
training. Face-to-face sessions were associated with higher intensities. The combination of classical methods with information
technology systems seems to ensure greater training intensity.

(J Med Internet Res 2014;16(5):e122)   doi:10.2196/jmir.3377

KEYWORDS

cognitive training; neurorehabilitation; Web-based training; eHealth systems; training intensity; adherence; memory clinic

Introduction

Cognitive deficits are a common expression of highly prevalent
neurological and psychiatric conditions that may affect

individuals of all ages and usually have a long-lasting course
[1]. This group of diseases includes Alzheimer’s and vascular
dementias, stroke, Parkinson’s disease, traumatic brain injury,
multiple sclerosis, bipolar disease, schizophrenia, attention
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deficit hyperactivity disorder, and all sorts of developmental
delays [1-4].

Health systems in general are developing more targeted
approaches to these conditions, like adult memory clinics,
developmental clinics, comprehensive rehabilitation centers,
and community-based approaches, directed at either the older
population with neurodegenerative diseases [5] or school-age
children with learning disabilities [3,6]. All these strategies aim
to improve care, mainly through a combination of prompt
detection of cognitive deficits in populations at risk and early
reference and therapeutic interventions. In spite of the huge
efforts to organize and improve care, both for patients and their
caregivers, most of these conditions share some ominous
characteristics. They are chronic and to date have no substantial
pharmacological treatments [7,8].

In this context, cognitive training has been playing an
ever-increasing role in the treatment of patients with cognitive
deficits. More and more studies have reported some beneficial
effects of cognitive training in ageing [9], mild to moderate
Alzheimer’s disease and vascular dementia [10], Parkinson’s
disease [11], stroke and brain injury [12], multiple sclerosis
[13,14], depression, or schizophrenia [15]. In addition, some
data gathered also support the idea that improvements attributed
to training may generalize beyond task-specific skills [16-18],
but this remains controversial due to the lack of randomized
trials with appropriate controls [10,19,20]. Mostly due to
methodological issues, the evidence gathered is far from
providing a clear demonstration of the benefits of cognitive
training and much effort is warranted to improve the design of
future interventions and trials [10,21-24].

In addition, scientific discussion in the field has been raising
some additional questions: (1) how to deliver this type of
treatment efficiently to larger numbers of patients in need of it,
(2) how to monitor and control its effects over long periods of
time in real-life clinical settings, and (3) how to accommodate
the increasing knowledge of neuroplastic properties of the brain
and future neuro-pharmacological tools [21,25,26].

Since the number of patients that could be eligible for this type
of treatment is ever increasing, it is essential to develop and
validate new strategies that may improve access without
elevating the costs to deliver such care [6,27]. The incorporation
of computers and information technology-based systems in our
current practice may optimize cognitive interventions, namely
their intensity, patient adherence, and quality of professional
monitoring [28-31].

We have been working on a previously described Web-based
cognitive training system, “COGWEB”, since 2005. Over the
years, its characteristics were tailored to address major needs
identified in a memory clinic setting [32-34]. This clinic
organizes and delivers care to a population of 400,000, and is
based in a hospital institution with clinical and research
activities.

With the present study, we aimed to analyze aspects of the
quality of the cognitive training delivered, specifically,
adherence and continued use of the training program in the most
important subgroups of diseases attending an ordinary memory

clinic setting. This was a follow-up study, focused on the
investigation of the intensity of cognitive training achieved and
patient adherence to treatment, using COGWEB to deliver
home-based cognitive training over long periods of time.

Methods

Clinical Setting and Patient Selection
The study was based in a memory clinic that provides care to
neurologic and psychiatric patients of all ages (adult and
pediatric) with cognitive impairment, irrespective of their
baseline disease. The resident staff members include
neurologists and neuropsychologists, who collaborate with other
departments in a tertiary hospital. Patients are referred to this
clinic by other neurologists, neurosurgeons, psychiatrists,
rehabilitation medicine physicians, pediatricians, internists, or
general practitioners. From this outpatient memory clinic,
consecutive patients that fulfilled all of the following inclusion
criteria were selected: (1) medical diagnosis of a neurologic or
psychiatric condition known to produce cognitive impairment,
(2) cognitive deficits confirmed by comprehensive
neuropsychological evaluation using tests validated for the
Portuguese population, covering domains such as attention,
memory, language, executive functions, and constructional
ability and selected on the basis of pathology and patient
characteristics (scores were reviewed by two senior
neuropsychologists and each patient was classified as having
or not having a deficit in each cognitive domain), (3) at least
four years of formal education completed and ability to use
personal computers and information technology applications,
(4) favorable opinion of the attending physician and
neuropsychologist toward enrollment in cognitive training
activities, (5) no sensory or physical deficiency that could
prevent the independent use of personal computers and
information technology applications (eg, blindness, hemiplegia,
or amputation), and (6) informed consent from both the patient
and relative.

There were no limits of age for inclusion. Patients were first
proposed by their attending physician for enrollment in cognitive
rehabilitation strategies between July and December 2011. For
data analysis, only the patients that had started their treatment
at least four weeks before the end of the study (18 months after
study beginning) were considered. This was done to guarantee
a minimum follow-up time for the within-subjects adherence
analysis. During the enrollment period, 240 patients were
assessed at the clinic for the first time, of which 30 were
classified as not having cognitive impairment. Of those
remaining, 80 did not fulfill the required level of education or
ability to use personal computers. Additionally, patients were
deemed ineligible due to the severity of their disease or
comorbidities (n=48), sensory or physical deficiency
complicating stroke, diabetes, or cataracts (n=7), and no
available relative to sign the informed consent (n=3).

Due to the heterogeneity of the conditions at this memory clinic
[32], and to facilitate the analysis of data, patients were grouped
according to their baseline pathology into four groups: (1)
neurodegenerative diseases (eg, mild stages of Alzheimer’s
disease, frontotemporal dementia, or Parkinson’s disease), (2)
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memory complaints with depressive symptoms, (3) static brain
lesions (eg, stroke, traumatic brain injury, or encephalitis), and
(4) other diseases (eg, epilepsy, inflammatory diseases,
schizophrenia, or attention deficit hyperactive disorder).

Ethical Issues
All patients and caregivers understood the purpose of the study
and provided written informed consent. Approvals from the
referring neurologists were also obtained to guarantee that the
expectations of patients and caregivers were properly managed.
This study was approved by the hospital review board and ethics
commission (Hospital São Sebastião, Centro Hospitalar de Entre
o Douro e Vouga, Santa Maria da Feira, Portugal).

Cognitive Intervention

Main Characteristics of COGWEB
The COGWEB system allows for the implementation of
personalized cognitive training programs remotely, in the
patient’s living environment, under continuous supervision by
experienced neuropsychologists [32]. The version used for this
study was composed of 27 independent exercises in a
computerized game format, developed to train various degrees
of cognitive defects from mild to more severe impairments.
Each exercise is organized primarily around a specific cognitive
function, such as attention, executive functions, memory,
language, praxis, gnosis, and calculus. Exercise progression is
automatic through several levels of difficulty that change in
accordance with the patient’s performance and are coupled with
support messages in real-time. The different degrees of difficulty
are obtained through the manipulation of some features such as
the number and type of items per level, their intrinsic
complexity, or the interval between stimuli. All exercises use
random, non-sequential stimuli to prevent memorization and
maintain motivation between sessions. There are also several
progress graphs (eg, right answers vs wrong answers, levels
completed, global training time, or accesses) that are used to
motivate patients after revision by the professional in charge
[32,34].

Cognitive Training Design and Methods Used
The activities concerning cognitive training plans were all
supervised by the resident neuropsychologist, who also
conducted comprehensive neuropsychological assessments
according to the patient medical diagnosis and using tests
validated for the Portuguese population. All patients performed
Web-based cognitive training, using the COGWEB system
[32,34]. The training sessions were performed outside the
hospital, predominantly at patients’homes or other comfortable
family or social settings. The neuropsychologist tailored the
cognitive training plan to the patients’ medical conditions and
cognitive deficits, thus contents of the training sessions varied
during the course of the rehabilitation program. Sessions could
include exposure to different combinations and proportions of
exercises focused either on memory, executive functioning,
attention, language, calculation, or constructive ability. The
personalization of the cognitive training plans included the
following possibilities (COGWEB system features): (1)
recommended duration of each daily session, (2) number of

sessions per week, (3) time of the day where most training
should take place (morning or afternoon), (4) type, number,
initial level of difficulty, and duration of each exercise (from a
pool of 27) that composed the sessions, (5) frequency of
adjustments to the exercises prescribed, and (6) frequency of
progress reports from the neuropsychologist to the
patient/caregiver. Patients were instructed to complete a
minimum number of sessions per week (7 sessions, minimum
of 30 minutes each). These could be performed at the patient
and caregiver’s convenience, at any time of the day in
consecutive days or up to 4 sessions per day. Anything below
this limit was considered non-adherence. There were no
restrictions or indications of a maximum time of treatment per
week.

Based on the clinical judgment of the neuropsychologists and
attending physicians, some patients had their training programs
based primarily on weekly face-to-face sessions with a
neuropsychologist, either individualized or group sessions with
an average duration of 60 minutes. Their internal organizations
were defined by the neuropsychologists, according to each
patient’s baseline assessment and ongoing Web-based cognitive
training activities. In the specific setting of the memory clinic
where the study was based, face-to-face sessions are used
primarily in the rehabilitation programs of younger patients
with not only static brain lesions, which are usually more severe,
but also with a higher potential for socioprofessional
reintegration. Older patients with stroke and early dementia
may also receive this type of treatment but mainly in group
sessions.

Study Flow
In total, 72 patients fulfilled the inclusion criteria during the
recruitment period. From these, 63 patients met all conditions
that allowed them to start using the COGWEB system as part
of their training program. Nonetheless, 8 patients (12.7%) did
not actually start and 10 (15.6%) had used the system for a
period of less than four weeks at the time of the analysis (Figure
1).

The analysis was conducted on a final sample of 45 patients
with a mean age of 50.7 years (SD 17.0, range 11.0-84.0), mean
years of formal education of 7.8 (SD 4.9, range 4.0-17.0), and
16 (35.6%) were female. According to their baseline pathology,
of the 45 patients, 9 (20.0%) had definite neurodegenerative
diseases, 14 (31.1%) had memory complaints with depressive
symptoms, 15 (33.3%) had static brain lesions, and 7 (15.6%)
had other diseases (Table 1). Patients that interrupted their
treatment plan due to technical problems with the Internet at
home or by their own decision were considered as non-adherent
with treatment plan (Figure 1).

The 18 patients excluded from the analysis after agreeing to use
COGWEB had a mean age of 49.0 (SD 17.4, range 19.0-78.0),
mean years of formal education of 10.6 (SD 4.6, range 4.0-17.0),
and 42% were female. Their baseline pathologies were: 22.2%
(4/18) neurodegenerative diseases, 22.2% (4/18) memory
complaints with depressive symptoms, 38.9% (7/18) static brain
lesions, and 16.7% (3/18) other diseases.
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Figure 1. Study flowchart.

Table 1. Demographic characteristics of all groups.

Other dis-
eases, (n=7)

Static brain le-
sions, (n=15)

Memory com-
plaints/ depres-
sion, (n=14)

Neuro-degenera-
tive diseases,
(n=9)

Characteristics

44.6 (19.5)44.2 (19.5)54.8 (13.8)61.8 (5.7)Age (years), mean (SD)

4 (57.1)11 (73.3)6 (42.8)8 (88.9)Gender, n (%) male

9.9 (6.7)9.2 (4.3)6.1 (4.1)6.5 (4.6)Formal education (years), mean (SD)

Baseline cognitive performance, n (%) with deficit

4 (57.1)13 (86.7)12 (85.7)9 (100.0)Attention

9 (100.0)14 (93.3)7 (50.0)8 (88.9)Memory

1 (14.3)3 (20.0)0 (0.0)4 (44.4)Language

5 (71.4)12 (80.0)3 (21.4)9 (100.0)Executive functioning

1 (14.3)2 (13.3)0 (0.0)4 (44.4)Constructional ability

1 (14.3)7 (46.7)0 (0.0)3 (33.3)Face-to-face sessions, n (%) exposed
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Outcome Definition
The COGWEB system allowed for the continuous monitoring
of the following outcomes: (1) expected time of training
(minutes)—summation of the duration of all prescribed sessions
of training during the follow-up period of each patient, (2) time
spent training (minutes)—summation of the duration of all
sessions actually performed by the patient, (3) cumulative time
of training in the first and last week of follow-up
(minutes/week)—time of training in the first and last weeks,
(4) assiduity—difference between the minimum number of
sessions prescribed and the number of sessions actually
performed, expressed as the proportion of complete weeks, and
(5) follow-up period (weeks)—duration of consecutive time in
training for each patient, with interruptions of more than one
week duration being considered as study termination and the
end of the follow-up period for a particular patient. This was
further categorized as withdrawal due to non-adherence or
termination according to treatment plan. The first two outcomes
were used to measure the intensity of cognitive training obtained
and the last three to measure motivation and adherence to
treatment. Cognitive training plans were also classified as
exclusively Web-based if all treatment activities occurred
through the COGWEB, or combined when there was weekly
face-to-face cognitive training work complemented with
Web-based cognitive training activities.

Statistical Analysis
The SPSS Statistics version 21.0.0 software was used [35]. In
order to characterize the global sample, mean values and
standard deviations were used to describe outcomes, and
parametric tests for statistical analysis were: ANOVA (analysis
of variance), Student’s t test for independent groups, and paired
t test for within-subject comparison of cumulative time of
training in the first and last week. For subgroup description, the
median and interquartile ranges (IQR) were used as they are
more suitable to the size and type of distribution within each
group sample. To analyze the differences in outcomes between

subgroups, the Kruskal-Wallis independent samples median
test was used, adjusting for multiple comparisons. The related
samples Wilcoxon signed-rank test was used to compare the
first and the last weeks of training within each subgroup. The
independent samples Mann-Whitney U test was used to compare
the main demographic characteristics and the outcome
differences between the group with exclusive Web-based
training and the group with face-to-face sessions complemented
with Web-based training. Fisher’s exact test and chi-square
were used to compare baseline characteristics such as gender,
distribution of groups of diseases, and cognitive domains
impaired, between subgroups. The effect of face-to-face sessions
within subgroups of diseases was not analyzed due to the
reduced sample size. Finally, an analysis of the probability to
comply with the Web-based cognitive training was conducted
using the Kaplan-Meier survival method in order to model the
duration time of the treatment up to its interruption. Patients
completing the treatment plan or undergoing training at the time
of the follow-up were censored.

Results

Intensity of Treatment Obtained
For the duration of the entire follow-up period, patients
performed on average 363.5 minutes/week (SD 136.6, range
84.7-652.6) of cognitive training activities through the
COGWEB system. This was 1.7 times higher than the minimum
requirement.

The analysis of the mean time training per week between groups
of diseases revealed significant differences (Figure 2 and Table
2), with neurodegenerative diseases and static brain lesions
dedicating more time to training (H3=11.41, P=.01). There was
no association of mean time training per week with potential
confounders like age (F1,41=0.86, P=.36), gender (t42=−1.64,
P=.11) or education (F1,41= 0.70, P=.41).

Figure 2. Time spent training (average in minutes/week) per disease group.
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Table 2. Indicators of intensity and adherence to treatment per major group of diseases.

Other diseases,

median (interquartile range)

Static brain lesions,

median (interquartile range)

Memory complaints/ depres-
sion,

median (interquartile range)

Neurodegenerative diseases,

median (interquartile range)

11 (7.0-18.0)8 (5.0-25.0)22.5 (7.8-33.5)26 (7.8-29.8)Follow-up duration (weeks)

295.6 (203.7-366.9)423.6 (362-458)295.3 (187.3-404.0)479.0 (257.6-567.7)Time training per week
(minutes)

173.3 (99.7-491.8)501.9 (442.9-656.3)308.3 (143.2-579.8)555.9 (159.0-806.0)Time training, first week
(minutes)

379.5 (254.3-443.2)376.0 (279.8-804.8)282.5 (73.3-576.2)394.6 (201.0-639.4)Time training, last week
(minutes)

0.63 (0.53-0.83)0.80 (0.75-1.0)0.73 (0.55-0.84)0.89 (0.53-0.96)Assiduity (proportion of
complete weeks)

Adherence to Treatment
The average duration of continuous cognitive training was 18.8
weeks (SD 18.9, range 4.0-55.0), and there were no statistically
significant differences among groups (H3=3.40, P=.33) (Table
2). During the first week, the average time training was 428.7
minutes (SD 264.8, range 21.0-891.0). In the final week, this
value was 414.5 minutes (SD 268.1, range 21.1-969.0). These
values were not statistically different (t43=0.27, P=.79). There
were no differences of mean time training between first and last
week attributable to any of the major group of diseases
(Z=22.00, P=.58 for neurodegenerative diseases; Z=53.00,

P=.98 for memory complaints with depression; Z=63.00, P=.87
for static brain lesions; Z=14.00, P=1.00 for other diseases)
(Table 2).

The average proportion of complete weeks of training (measure
of assiduity) was 0.75 (SD 0.22, range 0.18-1.0) and there were
no difference between groups (H3=4.04, P=.26) (Table 2).

The application of the Kaplan-Meier method estimated an
average duration of continuous Web-based cognitive treatment
of 46.9 weeks (SD 3.03), with 95% confidence intervals of 41.3
and 52.8 weeks. At 6-month follow-up (24 weeks), 82.8% of
patients complied with their treatment plan (Figure 3).

Figure 3. Probability of continuing with treatment over time (Kaplan-Meier survival function) for the first 60 weeks. There were no treatment interruptions
after this period. Patients completing the treatment plan or undergoing training at time of follow-up were censored.

Impact of Face-to-Face Sessions
During the follow-up period, 11/45 patients (24.4%) received
weekly face-to-face sessions complemented with Web-based
training (63.6%, 7/11 static brain lesions, 27.3%, 3/11
neurodegenerative, and 9.1%, 1/11 other diseases). Patients
with memory complaints and depressive symptoms were

excluded from this analysis since none in this subgroup was
exposed to face-to-face sessions (Table 1). The baseline
characteristics of the two groups are depicted in Table 3. There
were no significant differences regarding age (U28=123.0,
P=.425), formal education (U28=286.5, P=.718), gender

(χ2
1=0.6, P=.42), and distribution of the groups of diseases
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(χ2
2=1.8, P=.42) between the two groups. The distribution of cognitive impairment by domain was also similar (Table 3).

Table 3. Demographic characteristics of the groups used for analysis of the impact of face-to-face sessions.

Face-to-face sessions com-
plemented with Web-based
training (n=11)

Exclusively Web-based
training (n=20)

Characteristics

47.2 (15.6)50.0 (19.9)Age (years), mean (SD)

9 (81.8)13 (65.0)Gender, n (%) male

8.9 (5.1)8.5 (5.2)Formal education (years), mean (SD)

Major groups of diseases, n (%)

3 (27.3)6 (30.0)NDa

7 (63.6)8 (40.0)SBLb

1 (9.1)6 (30.0)ODc

Baseline cognitive performance, n (%) with deficit

9 (81.8)17 (85.0)Attention

11 (100.0)18 (90.0)Memory

3 (27.3)5 (25.0)Language

10 (90.9)16 (80.0)Executive functioning

3 (27.3)4 (20.0)Constructional ability

aND: neurodegenerative diseases
bSBL: static brain lesions
cOD: other diseases

The median duration of the follow-up was higher in the group
with face-to-face sessions: 26.0 weeks (IQR=7.0−43.0; min.
4.0, max. 55.0) vs 11.0 weeks (IQR=6.0−18.0; min. 4.0, max.
40.0) in the group with exclusively Web-based training.
However, there was no statistical significance (U28=70.5,
P=.145) (Table 4). The overall median time training per week
in the group with face-to-face sessions was 481.4 minutes
(IQR=398.4−577.3; min. 180.4, max. 652.6), while in the group
with exclusively Web-based sessions it was 366.9 minutes
(IQR=281.3−452.5; min. 191.3, max. 583.0). This difference

had no statistical significance (U28=62.0, P=.07). In the last
week of the cognitive intervention, significant differences were
verified in the median time training between the two groups
with 652.6 minutes (IQR=379.5−817.4; min. 279.8, max. 969.0)
when there were face-to-face sessions vs 354.9 minutes
(IQR=138.5–577.3; min. 21.1, max. 857.0) when exclusively
Web-based (U28= 53.0, P=.027). These differences were not
present in the first week of training (U28=106.0, P=.949) (Table
4). The overall assiduity was not different between these two
groups during the study (U28=82.0, P=.33).

Table 4. Indicators of intensity and adherence to treatment per major type of treatment strategy.

Face-to-face sessions complemented with
Web-based training (n=11),

median (interquartile range)

Exclusively Web-based training (n=20),

median (interquartile range)

26.0 (7.0-43.0)11.0 (6.0-18.0)Follow-up duration (weeks)

481.4 (398.4-577.3)366.9 (281.3-452.5)Time training per week (minutes)

490.7 (173.3-655.2)489.3 (145.9-662.9)Time training, first week (minutes)

652.6 (379.5-817.4)354.9 (138.5-577.3)Time training, last week (minutes)

0.83 (0.4-1.0)0.75 (0.3-1.0)Assiduity (proportion of complete weeks)

Discussion

Principal Findings
This study provided data on the characteristics of cognitive
training treatments using a Web-based approach in an ordinary
memory clinic setting. The overall intensities of training
obtained were very high, averaging 6 hours per week and

exceeding 1.7 times of what was set as minimum. Furthermore,
the characteristics of the system used (COGWEB) permitted
uninterrupted training activities over long periods of time, with
82.8% of patients complying with treatment at 6 months. The
combination of high intensity and long duration of treatment is
very important to stimulate neuroplasticity in the brain [21],
more so, if we consider the design of future randomized clinical

J Med Internet Res 2014 | vol. 16 | iss. 5 |e122 | p.116http://www.jmir.org/2014/5/e122/
(page number not for citation purposes)

Tedim Cruz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


trials to assess the impact of cognitive training on functional
outcomes in several important diseases [21,23,36].

Significant differences were found in the mean intensity of
treatment obtained between groups, with neurodegenerative
diseases and static brain injury performing around 7 hours of
training per week, while people with memory complaints and
depressive symptoms trained close to 5 hours per week. It is
important to point out that all groups performed above the
minimum requirements of 30 minutes of training per day (same
for all). Engaging psychiatric or neurologic patients in training
or interesting leisure activities is very difficult [37]. As an
example of the current state of the art, even in inpatient mental
health services of developed countries, the level of activities,
other than sleep, eating, or watching TV, is less than 17 minutes
per day [37]. This is in high contrast with what was obtained
in this study for the several groups of diseases analyzed.

During the follow-up period of the 45 patients included, and
specifically comparing the first and the last week of training,
the intensity of treatment did not decay and there were no
important effects attributable to the major disease groups.
Furthermore, follow-up duration between major groups of
diseases did not differ. Although neurodegenerative disease
patients had a tendency to have longer follow-up periods (around
7 months), this could be explained only by clinical reasons, with
static brain lesions being prescribed shorter periods of training.
These latter findings may be due to the reduced sample size for
subgroup analysis.

An interesting finding of this study was the effect of weekly
face-to-face sessions on the overall intensities of Web-based
cognitive training activities. The group exposed to face-to-face
sessions performed, on average, 2 additional hours of training
per week during the entire duration of the follow-up period.
This difference was not present in the first week of training, but
was built over time and achieved a value of 4 hours and
statistical significance in the last week of training. There was
a trend for longer follow-up periods in the group with
face-to-face sessions, but not achieving statistical significance.
These findings are in accordance with some critical analysis of
the impact of computerized cognitive training activities and the
need to prevent excessive isolation of patients during treatment
[38-42]. In future studies, if the intensity of treatment and
adherence are to be maximized, the inclusion of some kind of
periodic face-to-face individual or group session is warranted.
Nonetheless, to clarify the impact of different methods of
face-to-face sessions (eg, individual, group, weekly, monthly)
and whether they are reproducible between groups of diseases,
further studies are necessary.

Limitations
The limitations of this study are mainly inherent to the
uncontrolled nature and single center design, which impose
some restrictions on the generalizability of the findings. In this
respect, it is important to note that from the 240 patients initially
assessed, 80 (33.3%) did not fulfil the required levels of literacy

or ability to use personal computers and information technology
applications. Furthermore, among the patients that fulfilled
inclusion criteria, 9 out of 72 did not participate due to personal
computer or Internet unavailability and 8 out of 63 did not start
after agreeing to participate. These values may reflect the low
literacy levels and barriers in patient access to information
technology at home, in this segment of the Portuguese
population [43]. Although the trends are changing [44], these
aspects are still significant in the population aged over 50 and
must be taken into consideration in the implementation of this
type of cognitive intervention in clinical practice or future
research.

In addition, the focus of this work was on obtaining data on the
intensity and adherence to treatment and for that reason blinded
information on cognitive baseline or outcome measures was
not collected. The patient’s diagnosis only conveys indirect
information on patient deficits and level of impairment, with
baseline cognitive performance data provided only partially
addressing this limitation. Despite the inclusion criteria defined,
the enrollment of patients in the study was based upon a referral
by their attending physician and neuropsychologist’s judgment.
They decided whether the patient would comply with treatment
and also if the deficits and background literacy or cognitive
reserve were suitable. Face-to-face sessions were also decided
on clinical indication and not randomized. The role of the
professionals in patient selection in both these situations may
have biased the results in a direction consistent with the findings.
Furthermore, differences between first and last week intensities
may also be due to selection biases attributable to the
professional intervention. The heterogeneity of diagnoses was
also a potential weakness and should not be maintained in trials
evaluating clinical efficacy.

Future studies must analyze the impact of up to 7 hours of
cognitive training per week on global motor activities,
sedentarism indexes [45], and also possible negative mental
effects of uncontrolled cognitive training activities [46]. These
latter aspects are similar to the risks associated with
unsupervised “of-the-shelf” home rehabilitation activities and
learned non-use models during aphasia or motor rehabilitation
after stroke [47-49]. They may only be avoided through control
of several aspects of training like activities preformed,
cumulative dose of training in each cognitive domain, and
specific cognitive outcomes along time.

Conclusions
Overall, the training intensity achieved per week was high. The
groups of patients with dementia and static lesions performed
more cognitive training. Patients with additional face-to-face
sessions achieved a higher intensity workout. The combination
of classical methods with information technology-based systems
like COGWEB seems to be the option that ensures greater
training intensity. This method should be further explored in
multicenter randomized controlled trials targeted at the most
prevalent diseases like dementia, stroke, schizophrenia, or
multiple sclerosis.
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Abstract

Background: Reformulating opioid analgesics to deter abuse is one approach toward improving their benefit-risk balance. To
assess sentiment and attempts to defeat these products among difficult-to-reach populations of prescription drug abusers, evaluation
of posts on Internet forums regarding reformulated products may be useful. A reformulated version of OxyContin (extended-release
oxycodone) with physicochemical properties to deter abuse presented an opportunity to evaluate posts about the reformulation
in online discussions.

Objective: The objective of this study was to use messages on Internet forums to evaluate reactions to the introduction of
reformulated OxyContin and to identify methods aimed to defeat the abuse-deterrent properties of the product.

Methods: Posts collected from 7 forums between January 1, 2008 and September 30, 2013 were evaluated before and after the
introduction of reformulated OxyContin on August 9, 2010. A quantitative evaluation of discussion levels across the study period
and a qualitative coding of post content for OxyContin and 2 comparators for the 26 month period before and after OxyContin
reformulation were conducted. Product endorsement was estimated for each product before and after reformulation as the ratio
of endorsing-to-discouraging posts (ERo). Post-to-preintroduction period changes in ERos (ie, ratio of ERos) for each product
were also calculated. Additionally, post content related to recipes for defeating reformulated OxyContin were evaluated from
August 9, 2010 through September 2013.

Results: Over the study period, 45,936 posts related to OxyContin, 18,685 to Vicodin (hydrocodone), and 23,863 to Dilaudid
(hydromorphone) were identified. The proportion of OxyContin-related posts fluctuated between 6.35 and 8.25 posts per 1000
posts before the reformulation, increased to 10.76 in Q3 2010 when reformulated OxyContin was introduced, and decreased from
9.14 in Q4 2010 to 3.46 in Q3 2013 in the period following the reformulation. The sentiment profile for OxyContin changed
following reformulation; the post-to-preintroduction change in the ERo indicated reformulated OxyContin was discouraged
significantly more than the original formulation (ratio of ERos=0.43, P<.001). A total of 37 recipes for circumventing the
abuse-deterrent characteristics of reformulated OxyContin were observed; 32 were deemed feasible (ie, able to abuse). The
frequency of posts reporting abuse of reformulated OxyContin via these recipes was low and decreased over time. Among the
5677 posts mentioning reformulated OxyContin, 825 posts discussed recipes and 498 reported abuse of reformulated OxyContin
by such recipes (41 reported injecting and 128 reported snorting).

Conclusions: After introduction of physicochemical properties to deter abuse, changes in discussion of OxyContin on forums
occurred reflected by a reduction in discussion levels and endorsing content. Despite discussion of recipes, there is a relatively
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small proportion of reported abuse of reformulated OxyContin via recipes, particularly by injecting or snorting routes. Analysis
of Internet discussion is a valuable tool for monitoring the impact of abuse-deterrent formulations.

(J Med Internet Res 2014;16(5):e119)   doi:10.2196/jmir.3397
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Internet; opioid analgesic; drug abuse; prescription drug; OxyContin; epidemiology; surveillance; social media; qualitative research

Introduction

Prescription opioid analgesics are an important component of
pain management. Misuse and abuse of these medications,
however, have created a serious and growing public health
problem [1]. The balance between providing access to and
prescribing these medications for patients with chronic pain
while minimizing their diversion and abuse remains a significant
challenge for all stakeholders, including prescribers,
pharmaceutical manufacturers, and the Food and Drug
Administration [2,3]. One important step toward the goal of
creating safer opioid analgesics has been the development of
opioid formulations designed to deter abuse [4-6]. These
formulations are commonly referred to as abuse-deterrent
formulations (ADFs) [7] or tamper-resistant formulations
(TRFs). The science of deterring abuse via these formulations
is new, and both the formulation technologies and the analytical,
clinical, epidemiological, and statistical methodology for
evaluating those technologies are rapidly evolving.

Most abuse-deterrent technologies developed to date are
designed to make product manipulation more difficult or to
make abuse of the manipulated product less attractive or
rewarding. Although in vitro and clinical studies indicate the
efficacy of these technologies, postmarketing data are needed
to evaluate their effectiveness. One of the early formulations
intended to reduce abuse was a reformulated version of
extended-release oxycodone (reformulated OxyContin, Purdue
Pharma, Stamford, CT, USA), which was introduced to the
market in August 2010. This product has physicochemical
resistance to crushing and dissolution intended to present
obstacles to abuse by nonoral routes of administration (ROA)
(eg, injecting, snorting). The launch of reformulated OxyContin
provided a nationwide experiment to evaluate the impact of a
product intended to reduce tampering in the real world [8,9].
To date, evidence from individuals evaluated for treatment triage
suggests that reformulated OxyContin results in lower rates of
abuse through nonoral abuse and abuse via any ROA [8]
compared to historical rates for the original formulation of
OxyContin. These findings, as well as others [10,11] that suggest
reformulated OxyContin inhibits manipulation and abuse, are
based on reports by abusers to some authority (eg, researcher,
treatment provider, poison control center). The question arises
as to the reaction to reformulated OxyContin of individuals who
abuse prescription opioids and are not reporting abuse to
researchers or other authorities. It is of further interest to monitor
and describe the extent to which individuals are engaging in
efforts to defeat the tamper-resistant properties of reformulated
OxyContin and whether such efforts were deemed feasible.

Introduction of reformulated OxyContin presents an opportunity
to determine the utility of monitoring Internet data to evaluate

reactions to this formulation among a difficult-to-reach
population of prescription drug abusers who are not generally
in contact with some authority [12]. Because these Internet data
reflect uninhibited peer-to-peer communications, they may be
a useful source for monitoring and tracking efforts to defeat the
abuse-deterrent properties of the product for illicit use. It is
generally believed that these efforts will take the form of
“recipes” that will be disseminated via the Internet [13-15].
Furthermore, it is anticipated that the feasibility and utility of
a recipe will be evaluated by abusers online and that practical
tampering methods will be disseminated and perpetuated through
postings on websites dedicated to recreational abuse of drugs
[15]. Based on this scenario, public health stakeholders are
increasingly concerned about monitoring discussions around
extraction techniques that emerge on the Internet and tracking
the dissemination of these methods [2].

Although public Internet forums can be monitored unobtrusively
and might reveal ways in which prescription drugs are being
misused [16], there has been little published to date on how to
collect, analyze, and understand the messages within the large
volume of posts available from online recreational drug abuse
communities. Early studies [17,18] that examined the feasibility
of systematic Internet surveillance of discussion of prescription
opioid products indicated that Internet posts can be reliably
coded for sentiment (eg, endorsing vs discouraging abuse) and
that both the amount of discussion and sentiment differentiated
products [18]. In subsequent work, McNaughton et al [12]
developed a metric, referred to as the endorsement ratio (ERo),
to evaluate and quantify the overall sentiment expressed by a
large number of opioid abusers who post online about
prescription opioid products.

In the present work, we sought to understand how drug abusers
reacted to the introduction of an intended tamper-resistant
prescription opioid product to the market. We examined data
from abusers who participated in Internet message boards to
evaluate discussion of OxyContin before and after introduction
of the reformulation. Specifically, we investigated these
questions: (1) did the level of Internet discussion related to
OxyContin change quantitatively over time following
introduction of the reformulated version of the product, (2)
within the OxyContin-specific discussion that did occur, was
there a shift in the sentiment expressed by abusers who posted
on these websites following the introduction of reformulated
OxyContin, and (3) given concerns about efforts to generate
and disseminate tampering methods intended to defeat the
properties of reformulated OxyContin for use by unintended
ROAs, could Internet discussion of such recipes be defined,
identified, and monitored?
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Methods

Study Overview
The study aimed to evaluate the potential effect the introduction
of the reformulation of OxyContin had on discussion within
Internet-based recreational drug abuse message boards. Over
the pre-post reformulated OxyContin timeframe, we conducted
(1) a quantitative evaluation of message board discussion for
OxyContin and comparators to capture the relative levels of
discussion and any changes during the pre-post time period, (2)
a qualitative coding of Internet post content and estimation of
endorsement for OxyContin and comparators to determine any
changes in the sentiment in favor of each medication for abuse
purposes from pre to post OxyContin reformulation, and (3) in
the period following the introduction of OxyContin, an
evaluation of Internet post content related to tampering methods
for defeating the abuse-deterrent properties of reformulated
OxyContin. All research activities conducted for this study were
exempt from Institutional Review Board review as determined
by the New England Institutional Review Board.

For the quantitative evaluation of discussion levels and content
analysis/estimation of endorsement, Vicodin (hydrocodone)
and Dilaudid (hydromorphone) were selected as comparators.
These comparators represented a widely available and highly
abused prescription opioid (Vicodin) and a high-potency opioid
analgesic that is highly desirable for abuse (Dilaudid) [19]. In
order to make appropriate comparison to the target product
(OxyContin), qualitative coding and analysis was restricted to
discussion of the proprietary products Vicodin and Dilaudid
only and did not include generic references to hydrocodone,
hydromorphone, and other proprietary products within the opioid
compounds (eg, Lortab for hydrocodone and Exalgo for
hydromorphone).

Data Source
The study sample consisted of Internet posts (ie, messages)
copied from 7 publically accessible message boards that
represent a population of drug abusers and their online
communications regarding both illicit and prescription drugs.
The websites were chosen based upon predefined criteria as
described in McNaughton et al [12]. All posts written between
January 1, 2008 and September 30, 2013 (N=6,891,514) were
archived in a database for further sampling and analysis. No
personal identifiable information related to the author was
retained.

Quantitative Evaluation of Message Board Discussion
From the database of saved Internet posts, all messages related
to OxyContin (both original and reformulated versions of the
product), Vicodin, and Dilaudid written between January 1,
2008 and September 30, 2013 (ie, Q1 2008 through Q3 2013)
were identified through the use of standardized queries. These
queries contained text-matching criteria that included common
misspellings, slang, and wildcard characters as well as exclusion
criteria to capture as many relevant posts as possible while
minimizing the number of false positives (ie, posts returned by
the query that are not actually related to the target product)
selected. It should be noted, however, that false positives could

not be completely eliminated from the text-matching query
results without manual review, which was not conducted for
this analysis because of the magnitude of posts involved. The
rate of discussion related to each product was then calculated
as the number of product-specific posts identified per 1000 posts
saved within the database per quarter.

Formal Content Analysis and Estimation of
Endorsement
A formal content analysis was conducted on random samples
of Internet posts related to OxyContin, Vicodin, and Dilaudid
during the 26-month period before (preintroduction period=June
1, 2008 through July 30, 2010) and the 26-month period after
the introduction of reformulated OxyContin (postintroduction
period=August 1, 2010 through September 30, 2012) and
identified through the use of the standardized queries. For this
analysis, posts retained for coding in the preintroduction period
pertained to the original formulation of OxyContin, whereas
posts sampled and retained in the postintroduction period related
specifically to reformulated OxyContin. Because the design
involved comparison of discussion of original OxyContin in
the preintroduction period and reformulated OxyContin in the
postintroduction period, discussion of original OxyContin in
the postintroduction period was not examined for this study.
Using systematic query searches, product-specific Internet posts
were randomly sampled from the archive. All coding was
conducted as part of a larger dynamic postmarketing surveillance
program, involving rolling sampling and content analysis of
posts (ie, multiple waves of sampling throughout the study
period). Power analyses to determine the sample size needed
to detect changes were calculated periodically throughout
surveillance and changed over time resulting in somewhat
different sample sizes in the preintroduction and postintroduction
periods for this evaluation.

The coding procedure and assessment of intercoder agreement
used in this study is described in detail in McNaughton et al
[12]. Briefly, posts were reviewed by trained coders and
categorized as either abuse-related or non-abuse-related, and
false positives were removed and replaced. A false positive is
a query-selected post that upon manual review did not pertain
to the specified prescription opioid product. Within the sample
of abuse-related posts, product-specific content was further
coded as endorsing, discouraging, mixed, or unclear (ie, the
sentiment was assigned) (Figure 1). When there was
disagreement between coders, the post content was discussed
and reviewed by an independent lead coder for a final rating
and to achieve a final set of codes for analysis. To assess
reliability of the coding, 20% of all posts were coded by 2 coders
who were blinded to which posts were coded by both coders
and which were coded independently. Interrater agreement
(kappa) was then calculated on the 20% overlapping sample to
determine if an acceptable level of coder reliability was achieved
[20].

A mixed effects multinomial logistic regression was employed
to model the probability of observing each of the 4 types of
abuse-related Internet posts (endorsing, discouraging, mixed,
and unclear) per product. The fixed effects included a product
indicator (1=product A, 2=product B, etc), time indicator
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(1=preintroduction period, 2=postintroduction period) and
product×time interaction. An author random effect was
incorporated in the model to account for correlation among
messages posted by the same author. The GLIMMIX procedure
in SAS 9.3 (SAS Institute, Inc, Cary, NC, USA) was used to fit
the model, producing the following statistics of interest:

1. Probability of observing each type of abuse-related post
(endorsing, discouraging, mixed, and unclear) per product
in the period before and after the introduction of
reformulated OxyContin.

2. Endorsement ratio (ERo) for each product in the period
before and after the reformulation of OxyContin. The ERo
provides a relative estimate of the extent to which a product

was being endorsed during each time period by calculating
a ratio of probabilities (eg, probability of endorsing product
A in the postintroduction period divided by probability of
discouraging product A in the postintroduction period),
commonly referred to as a relative risk [12].

3. Post-to-preintroduction change in the ERo was estimated
by calculating the ratio of ERos (eg, ERo of product A in
the postintroduction period divided by ERo of product A
in the preintroduction period), commonly referred to as a
relative risk ratio.

4. Within-author correlation as estimated by intraclass
correlation coefficients derived from the variance
components [21].

Figure 1. Abuse-related sentiment categories in formal content analysis.

Evaluation of Recipes
Of particular interest with respect to any purported ADF product
is whether tampering methods, or recipes, are developed that
allow individuals to readily defeat the abuse-deterrent properties
of a new formulation. To evaluate this possibility, a review of
recipe-related content was performed on Internet posts pertaining
to reformulated OxyContin during the approximately 3-year

period following the product’s launch (August 9, 2010 through
September 30, 2013). For this evaluation, a recipe was defined
as a process (physical, chemical, or potentiation) that enabled
use of the product in a way other than intended (ie, swallowing
a tablet whole) because ADFs are not formulated to prevent
abuse by swallowing multiple tablets whole at one time [4,5].
While variation existed with respect to (1) the format in which
a recipe was communicated (eg, step-by-step instruction guide
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vs narrative experience report), (2) the words used to describe
a recipe, and (3) the devices used by an individual for a
particular recipe; recipes were classified into profiles that
represented the fundamental or basic steps used when
manipulating a product. For example, 2 posts, one that
references “crushing a tablet with a knife before putting in
water” and a second that notes “(1) pound product with a
hammer, (2) add water” would be classified as the same recipe
profile (ie, crush and dissolve) despite differences in the format,
words, and devices communicated.

All posts that referenced OxyContin during the approximately
3-year period were reviewed by a trained coder for recipe
content related to the reformulated version of OxyContin. For
each post that mentioned a recipe related to reformulated
OxyContin, the coder assigned 3 codes: (1) the recipe profile,
(2) the ROA mentioned in relation to the recipe profile, and (3)
whether the author described the recipe as “feasible.” Feasibility
was defined as being able to manipulate reformulated OxyContin
for abuse via an unintended ROA (ie, use of the product other
than swallowing the tablet whole). Utilizing the coded
information, the total number of recipe-related posts, recipe
profiles, and the frequency in which recipe profiles were first
observed are presented. In addition, the ROAs mentioned in
relation to feasible recipes are provided.

Results

Quantitative Evaluation of Message Board Discussion
Between January 1, 2008 and September 30, 2013 (ie, Q1 2008
through Q3 2013), 45,936 posts related to OxyContin (original

formulation in the preintroduction period and both original and
reformulated versions of the product in the postintroduction
period) were identified in the database of 6,891,514 saved posts.
Because the brand name of OxyContin did not change following
the introduction of the reformulation, it was not possible to
disambiguate references to original versus reformulated
OxyContin in the postintroduction period without review of
each post, which was not conducted for this analysis. In addition,
18,685 posts related to Vicodin, and 23,863 posts related to
Dilaudid were identified. When evaluated by quarter, the
proportion of OxyContin-related posts fluctuated between 6.35
and 8.25 posts per 1000 posts during the period before the
release of reformulated OxyContin (Q1 2008 through Q2 2010)
before increasing to an observed 10.76 posts per 1000 posts in
Q3 2010 with the launch of reformulated OxyContin on August
9, 2010 (Figure 2). Following the release of reformulated
OxyContin, the proportion of OxyContin posts remained
elevated at 9.15 posts per 1000 posts in Q4 2010 before
decreasing in Q1 2011 (6.23 posts per 1000). From Q1 2011
through Q3 2013, the proportion of OxyContin-related posts
decreased over time, from 6.23 posts per 1000 posts in Q1 2011
to 3.46 posts per 1000 posts in Q3 2013 and remained
consistently lower than the quarterly proportions observed before
the release of the reformulation (Q2 2008 through Q2 2010).
Changes in the proportion of OxyContin-related posts before
and following release of the reformulated version of the product,
however, contrast with the comparatively consistent pattern of
discussion observed for both Vicodin (range 1.87-3.30 posts
per 1000 posts) and Dilaudid (range 2.64-4.16 posts per 1000
posts) during the same time period (Figure 2).

Figure 2. Proportion of OxyContin-, Vicodin-, and Dilaudid-related posts from Q1 2008 to Q3 2013.
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Formal Content Analysis and Estimation of
Endorsement

Coding Results
Of the 16,588 posts sampled, 5365 (32.40%) were identified as
false positives and removed from the final sample (Table 1).
The high false positive rate for the entire sample was primarily
attributable to the number of false positive posts associated with

reformulated OxyContin in the postintroduction period. Using
the rolling sampling procedures, a total of 11,223 posts were
retained for analysis: 3741 posts for each product. For the 20%
overlapping sample (ie, posts coded by both reviewers), kappa
was calculated on (1) whether a post was abuse-related and, if
abuse-related, (2) whether the content was endorsing,
discouraging, mixed, or unclear (ie, the sentiment). Kappa
statistics were calculated by product and period as well as across
all compounds. All kappas were satisfactory (Table 1) [20].

Table 1. Content analysis: number of posts sampled and retained, false positive rate, and interrater agreement kappa statistics.

KappaFinal sample, nFalse positives, n (%)Total posts sampled, nProduct and perioda

SentimentAbuse-related

OxyContin b

.68.821969287 (12.72)2256Pre

.77.8717723978 (69.18)c5750Post

Vicodin

.64.781969257 (11.55)2226Pre

.63.781772281 (13.69)2053Post

Dilaudid

.68.831969264 (11.82)2233Pre

.65.751772298 (14.40)2070Post

.72.8711,2235365 (32.40)16,558Total

aPreintroduction period: the period before the reformulation of OxyContin (June 1, 2008 through July 31, 2010); postintroduction period: the period
following the reformulation of OxyContin (August 1, 2010 through September 30, 2012).
bPreintroduction period represents content related to the original formulation of OxyContin. Postintroduction period represents content related to the
reformulated version of OxyContin.
cThe high false positive rate observed for reformulated OxyContin during the postintroduction period was related to the slang term “OP” (ie, the indicia
on the reformulated tablet) which is also an acronym commonly used on message boards to refer to the “original poster” or the first author to write a
post in a thread. Furthermore, the standardized queries sometimes yielded posts in which the discussion could not clearly be identified as pertaining to
the reformulated version of OxyContin specifically, which resulted in a high degree of false positives.

Estimation of Endorsement
The probability of observing endorsing, discouraging, mixed,
or unclear abuse-related sentiments for OxyContin, Vicodin,
and Dilaudid in the periods before (preintroduction period) and
following (postintroduction period) the introduction of
reformulated OxyContin is presented in Table 2. Overall, the
probability of observing content related to each sentiment
category varied by product and period. For OxyContin
specifically, the probability of observing posts with endorsing
sentiment was greater for the original formulation
(preintroduction period: probability=0.43) than for the
reformulated version (postintroduction period: probability=0.22).
Conversely, the probability of observing a discouraging post
was lower for the original formulation in the preintroduction
period (probability=0.22) than for the reformulated version in

the postintroduction period (probability=0.27). When evaluated
as an ERo [12] as a means of estimating the extent to which the
product was endorsed, in the period before the release of
reformulated OxyContin, the probability of observing posts that
endorsed the use of the original formulation of OxyContin was
approximately 1.91 times greater than the probability of
discouraging the product (Table 3). In the postintroduction
period, however, reformulated OxyContin was 1.23 times more
likely to be discouraged than endorsed (ERo=0.81). Taken
together, the change in the ERo estimates before and after the
introduction of reformulated OxyContin indicate that the ERo
for the original formulation of OxyContin in the preintroduction
period was 2.33 times greater than the ERo estimate for the
reformulated version of OxyContin in the postintroduction
period (ratio of ERos=0.43, P<.001) (Table 3).
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Table 2. Abuse-related sentiment category probabilities.

UnclearMixedDiscouragingEndorsingProduct and perioda

95% CIProb95% CIProb95% CIProb95% CIProb

OxyContin b

0.14-0.180.160.16-0.200.180.20-0.250.220.40-0.450.43Pre

0.25-0.310.280.21-0.250.230.24-0.300.270.20-0.240.22Post

Vicodin

0.12-0.150.130.20-0.240.220.26-0.310.290.33-0.380.36Pre

0.18-0.220.200.26-0.300.280.15-0.190.170.32-0.370.35Post

Dilaudid

0.08-0.110.090.23-0.280.250.17-0.220.190.43-0.490.46Pre

0.11-0.150.130.28-0.330.310.08-0.110.090.44-0.490.47Post

aPreintroduction period: the period before the reformulation of OxyContin (June 1, 2008 through July 31, 2010); postintroduction period: the period
following the reformulation of OxyContin (August 1, 2010 through September 30, 2012).
bPreintroduction period represents content related to the original formulation of OxyContin. Postintroduction period represents content related to the
reformulated version of OxyContin.

Table 3. Endorsement ratios (ERo) and post-to-preintroduction period ratios of Eros.

P95% CIRatio of ERosc95% CIERobProduct and perioda

<.0010.35-0.520.43OxyContin d

1.66-2.201.91Pre

0.69-0.950.81Post

<.0011.36-2.041.66Vicodin

1.08-1.421.24Pre

1.76-2.432.06Post

<.0011.68-2.632.11Dilaudid

2.05-2.772.38Pre

4.15-6.055.01Post

aPreintroduction period: the period before the reformulation of OxyContin (June 1, 2008 through July 31, 2010); postintroduction period: the period
following the reformulation of OxyContin (August 1, 2010 through September 30, 2012).
bThe ERo is a ratio of probabilities (eg, probability of endorsing product A in the postintroduction period divided by probability of discouraging product
A in the postintroduction period), which is commonly referred to as a relative risk.
cThe post-to-preintroduction ratio of ERos is an estimate of the change the ERo before and after the introduction of reformulated OxyContin (eg, ERo
of product A in the postintroduction period divided by ERo of product A preintroduction period), which is commonly referred to as a relative risk ratio.
dPreintroduction period represents content related to the original formulation of OxyContin. Postintroduction period represents content related to the
reformulated version of OxyContin.

Changes in the sentiment profiles of Vicodin and Dilaudid were
also observed before and after the introduction of the
reformulated version of OxyContin. In relation to Vicodin, the
ERo was 1.66 times greater in the postintroduction period than
in the preintroduction period (P<.001) indicating that the ratio
of encouraging-to-discouraging discussion for Vicodin in the
period following the introduction of reformulated OxyContin
was significantly greater than in the period before the
reformulation (Table 3). Likewise, the ERo for Dilaudid was
2.11 times greater (P<.001) in the postintroduction period than
in the preintroduction period. These changes in the ERo estimate
for Vicodin and Dilaudid, however, appear to be because of a
reduction in posts coded as discouraging rather than an increase

in encouraging posts. In relation to the post-to-preintroduction
period ratio of the ERos for Vicodin and Dilaudid compared to
OxyContin, however, the magnitude of the change for Vicodin
and Dilaudid was 3.91 times greater (P<.001) and 4.95 times
greater (P<.001) than OxyContin, respectively. The
post-to-preintroduction period ratio of the ERo estimates for
Vicodin compared to Dilaudid was not statistically different
(P=.12). These results suggest that the endorsing and
discouraging sentiment profile for OxyContin before and after
the introduction of the reformulation changed significantly more
than the endorsing and discouraging sentiment profile of Vicodin
and Dilaudid.
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Evaluation of Recipes
During the approximate 3-year period following the launch of
reformulated OxyContin (August 9, 2010 through September
30, 2013), 19,659 posts related to OxyContin (both original and
reformulated versions of the product) were identified and
reviewed by trained coders (Figure 3). Of these, 5677 posts
were identified as referring specifically to the reformulated
version of OxyContin. Within this reformulated
OxyContin-specific discussion, recipes related to reformulated
OxyContin were mentioned 1052 times within 825 posts (14.5%
of reformulated OxyContin-related discussion) and evidence of
feasible manipulation of reformulated OxyContin (ie, use of
the product other than swallowing the tablet whole) was
observed 576 times within 498 posts (8.8% of reformulated
OxyContin-related discussion) across the approximately 3-year
period. As Figure 4 illustrates, the frequency of
OxyContin-related posts peaked with the introduction of
reformulated OxyContin and then declined steadily. Figure 4
also shows a general decrease over the approximately 3-year
period in the number of posts specifically referencing a
reformulated OxyContin recipe as well as posts that specifically
mentioned a feasible recipe. An exception to this general
decrease was a slight increase in Q1 2012, which is likely related
to discussion associated with the launch of a reformulated
version of extended-release oxymorphone. Specifically, authors
discussed their experience with reformulated OxyContin recipes
and whether or not those methods could be used with the
reformulated version of extended-release oxymorphone.

In total, 37 unique recipe profiles were identified during the
approximately 3-year period, 32 of which were denoted as

feasible at least once (Table 4). Within the reformulated
OxyContin recipe-related posts, most referenced 12 of the 37
profiles, whereas the remaining 25 were mentioned fewer than
10 times each during the approximately 3-year period. The
frequency with which new recipe profiles emerged decreased
following the first quarter after the launch of reformulated
OxyContin (from 24 in Q3 2010 [ie, August 9, 2010 to
September 30, 2010] to 3 in Q4 2010), and few new recipe
profiles were identified in subsequent quarters (Figure 5).
Likewise, the number of new feasible reformulated OxyContin
recipe profiles observed over time followed a similar pattern.

When considering the 498 reformulated OxyContin-related
posts that referenced a feasible recipe profile, various ROAs
were mentioned in relation to use of the manipulated product
(Figure 3). Oral use of reformulated OxyContin following
feasible use of a recipe (eg, drinking in solution, chewing,
parachuting) was mentioned in 4.58% (260/5677) of all
reformulated OxyContin-related discussion, followed by
snorting in 2.25% (128/5677) of reformulated-related discussion,
and injection in 0.72% (41/5677) of reformulated
OxyContin-related discussion. Smoking or rectal administration
of reformulated OxyContin following feasible manipulation
were observed 7 and 6 times, respectively, during the
approximately 3-year period following the introduction of the
reformulated version of OxyContin. It should be noted that an
author could reference more than 1 recipe profile as well as
more than 1 ROA in relation to a recipe profile within the same
post; therefore, the ROA categories within the 498 posts that
mentioned feasible recipe profiles are not mutually exclusive.
Furthermore, some authors did not indicate use of a specific
ROA (99/5677, 1.74%) following feasible manipulation.
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Table 4. Frequency of reformulated OxyContin recipe profiles.

Posts that mentioned recipe profile was
feasible, n

Posts that mentioned recipe profile, nRecipe profile

152277Crush/shave

58130Dissolve/soak

81114Chew

7289Crush/shave, heat, and freeze

3971Crush/shave and dissolve/soak

3550Crisp

2640Crush/shave and heat

1725Crush/shave, heat, and dissolve/soak

1324Crush/shave, add chemicals, and evaporate

1923Take with acidic foods or beverages

619Heat

610Take with alcohol

49Dissolve/soak and heat

28Heat and freeze

77Crush/shave, heat, freeze, and dissolve/soak

57Crush/shave and freeze (or vice versa)

45Crush/shave, add chemicals, dissolve, and filter

45Take with a fatty meal

34Crush/shave, heat, cool, dissolve/soak, and filter

34Crush/shave, heat, dissolve/soak, and evaporate

14Dissolve/soak and filter

34Add soda, heat, and take with acidic beverage

14Crisp, dissolve/soak, and filter

03Dissolve/soak and freeze

03Crush/shave, heat, dissolve/soak in chemical

02Crush/shave, dissolve/soak, and evaporate

22Crush/shave, heat, dissolve/soak, and filter

32Heat, cool, crush/shave, dissolve/soak, and heat

32Freeze, crush/shave, heat, and crush/shave

12Crisp, heat, and freeze

12Crush/shave, add chemicals, evaporate, and heat

01Crush/shave, dissolve/soak, and cool/freeze

11Heat, crush/shave, heat, and freeze

11Crush/shave, add chemicals, evaporate, and cool

01Dissolve/soak, heat, and filter

11Crush/shave, heat, freeze, crisp, and filter

11Crush/shave, dissolve/soak, add chemical

498a825aTotal

aAn author could reference more than 1 recipe profile within the same post; therefore, the total number of recipe-related posts does not equal the sum
of the counts across the 37 recipe profiles.
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Figure 3. Evaluation of recipes: coding results. Feasibility was defined as being able to manipulate reformulated OxyContin for abuse via an unintended
route of administration (ie, use of product other than swallowing the tablet whole).

Figure 4. Frequencies of OxyContin-, reformulated OxyContin recipe-, and feasible reformulated OxyContin recipe-related posts from Q3 2009 to Q3
2013. For the reformulated OxyContin recipe and feasible OxyContin recipe categories, Q3 2010 includes data from August 9, 2010 to September 30,
2010.
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Figure 5. Frequency of new reformulated OxyContin recipe profiles and new feasible reformulated OxyContin recipe profiles.

Discussion

Principal Findings
Novel methodologies for evaluating the impact of prescription
opioid products with abuse-deterrent properties on abuse-related
behaviors are needed. This study presents an Internet-focused
approach to examine discussion on recreational drug abuse
Internet forums regarding reformulated OxyContin, the first
widely available reformulated opioid product on the market.
Systematic monitoring and review of content from online
message boards before and after the introduction of reformulated
OxyContin allowed for evaluation of (1) discussion about
OxyContin and 2 comparators, (2) relative endorsement of
OxyContin and comparators, and (3) discussions around
manipulation of reformulated OxyContin through recipes.

Overall, the findings presented here suggest that the introduction
of reformulated OxyContin had an impact on discussion of
OxyContin on message boards frequented by prescription drug
abusers. Quantitative analysis indicated that the volume of
discussion related to OxyContin increased in the quarters leading
up to the launch of the reformulated version of the product and
subsequently decreased to levels lower than those observed in
the period before the reformulation. In contrast, the level of
discussion associated with the selected comparators (Vicodin,
a widely available and highly abused prescription opioid, and
Dilaudid, a high-potency opioid analgesic that is highly desirable
for abuse [19]) remained consistent across the
pre-postintroduction period. Content analyses revealed that
sentiment related to OxyContin on the message boards changed
after the introduction of the reformulation as reflected by a

significant decline in the ERo for OxyContin following the
reformulation of the product. That is, the online consensus
regarding the desirability of OxyContin for abuse appears to
have shifted from a positive sentiment to a relatively and
significantly more negative view. Individuals who participated
on the message boards reviewed during the study period
expressed preference for the original version of OxyContin over
the reformulated product as evidenced by both the shift in the
sentiment profile and the overall decrease in the level of
discussion associated with OxyContin over time during the
postintroduction period.

The analyses of sentiment built upon prior work [12] by
applying the endorsement ratio methodology; that is, using the
ERo to quantify change in sentiment expressed by recreational
drug abusers about a product with tamper-resistant properties
(reformulated OxyContin) compared with sentiment expressed
for the parent product (original formulation OxyContin). Our
observations are also consistent with findings from other studies
[8-11], including one of a sentinel surveillance sample of
individuals assessed for substance use problems in the first 20
months after the introduction of reformulated OxyContin that
found that the reformulation impacted abuse patterns of
OxyContin [8].

Prior to the launch of any reformulated product, like
reformulated OxyContin, concern existed that the product would
be greeted with numerous attempts by abusers to defeat the
product’s tamper-resistant mechanism. A particular concern
was that any truly successful recipe would be widely and rapidly
disseminated online [15]. Results of the systematic examination
presented here suggest that abusers who posted online responded
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to the introduction of the reformulation with discussion related
to recipes for manipulating reformulated OxyContin for abuse
during the first few quarters following the product’s launch.
However, rather than an increasing level of discussion, we
observed a small number of posts related to and mentions of
such recipes and a decrease to even smaller numbers over time.

Strengths and Limitations
Findings from this study should be considered in light of its
limitations. Querying Internet posts based on selected keywords
is incomplete and does not identify all discussion potentially
related to a particular topic. Although the methodology described
here has the advantage of providing a systematic and consistent
approach over time, it is possible that some discussion associated
with OxyContin was missed in this analysis. For example,
discussion containing references to the product via terms such
as “it,” “that drug,” or “what Joe is using,” in which an
individual is making an inference or reference within a
conversation may have been missed. This may have introduced
selection bias in the sample of posts used. However, it seems
unlikely that such bias would result in having completely missed
or underestimated significant discussion or topics related to the
introduction of reformulated OxyContin and the potential change
in OxyContin-related discussion over time.

For the formal content analysis and estimation of endorsement,
a high false positive rate was observed for reformulated
OxyContin during the postintroduction period (ie, the period
following the product’s reformulation), which was primarily
attributable to 2 issues. The slang term “OP” (ie, the indicia on
the reformulated OxyContin tablet) is also an acronym
commonly used on message boards to refer to the “original
poster” or the first author to write a post in a thread.
Furthermore, because the brand name of the product did not
change following reformulation, the search-string queries often
yielded posts that, even with human review (which was
conducted for this analysis), could not be clearly identified as
pertaining specifically to reformulated OxyContin. Although
both of these factors contributed to the high degree of false
positives, removal of the non–OxyContin-related content as
well as ambiguous references to OxyContin that could not be
verified as related to the reformulated version of the product
ensured that the sample of posts included for analysis in the
postintroduction period reflected the target product (ie, the
reformulated version) and would, therefore, minimize the effect
of misclassification on the results.

It should be noted that references to feasible recipes in this study
refer to an author reporting that he/she was able to manipulate
reformulated OxyContin and then use it for recreational
purposes. Such reports cannot be verified (ie, someone claiming
to have tried a recipe may not be telling the truth). However,
individuals who participate in the examined forums represent
stable communities of drug users and are self-policing so that
posted information that is inconsistent with others’ experience
tends to be “corrected” by the online community. Additionally,
reports of feasible recipe use do not necessarily indicate that
the desired effect was achieved as a result of the manipulation.
Claims of having abused a manipulated product, whether by an
oral or a nonoral route (eg, snorting, injecting), does not mean
that the effects were equivalent to, better than, or worse than
use of the original product. Although one might expect that the
overall poorer sentiment observed for reformulated OxyContin
suggests dissatisfaction, the present study did not directly
examine satisfaction with results of tampering.

Strengths of this study should be highlighted and include (1)
the duration of the study period allowed for a large sample size
and examination of trends over time, (2) systematic coding of
posts with acceptable interrater reliability, (3) the use of
operational definitions of recipe profiles that established a
standardized methodology for evaluation of Internet content,
(4) the ongoing archiving and storage of Internet posts over
time allowed the retrospective evaluation of data and avoided
bias introduced by forum moderators deleting older posts for
reasons of their own (eg, storage space), and (5) the integration
of quantitative (number of Internet posts), content (sentiment
of individuals), and qualitative analyses (manipulation recipes)
provided a comprehensive approach to understanding the
reactions of recreational abusers to the introduction of a
tamper-resistant product.

Conclusions
This study illustrates the value of analyzing Internet discussion
on recreational drug use forums to evaluate the impact of
introducing a possible tamper-resistant opioid formulation.
Introduction of reformulated OxyContin into the marketplace
correlated with changes in discussion of abuse-related behavior
among recreational abusers as reflected by changes in online
conversation levels, reversal of sentiment about the product,
and emergence of manipulation-attempt recipes, consistent with
findings from other studies showing reductions in abuse and
diversion [8-11]. These findings suggest a possible
abuse-deterrent effect of the reformulated product relative to
the original formulation that was not observed in comparators.
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Abstract

Background: A national agreement on human papillomavirus (HPV) vaccination was achieved relatively quickly in Japan as
compared to the United States and India.

Objective: The objective was to identify the role of print and online media references, including references to celebrities or
other informants, as factors potentially responsible for the relatively rapid national acceptance of HPV vaccination in Japan.

Methods: A method of text mining was performed to select keywords, representing the context of the target documents, from
articles relevant to the promotion of HPV vaccination appearing in major Japanese newspapers and Web pages between January
2009 and July 2010. The selected keywords were classified as positive, negative, or neutral, and the transition of the frequency
of their appearance was analyzed.

Results: The number of positive and neutral keywords appearing in newspaper articles increased sharply in early 2010 while
the number of negative keywords remained low. The numbers of positive, neutral, and negative keywords appearing in Web
pages increased gradually and did not significantly differ by category. Neutral keywords, such as “vaccine” and “prevention,”
appeared more frequently in newspaper articles, whereas negative keywords, such as “infertility” and “side effect,” appeared
more frequently in Web pages. The extraction of the positive keyword “signature campaign” suggests that vaccine beneficiaries
cooperated with providers in promoting HPV vaccination.

Conclusions: The rapid development of a national agreement regarding HPV vaccination in Japan may be primarily attributed
to the advocacy of vaccine beneficiaries, supported by advocacy by celebrities and positive reporting by print and online media.

(J Med Internet Res 2014;16(5):e129)   doi:10.2196/jmir.2846

KEYWORDS

cervical cancer; health policy; human papillomavirus; public health; vaccination

Introduction

As of October 2010, 29 countries had issued formal
recommendations or developed financing plans for the
quadrivalent vaccine (Gardasil; Merck) and/or the bivalent
vaccine (Cervarix; GlaxoSmithKline) to prevent human

papillomavirus (HPV) infection [1]. Many stakeholders likely
contributed to the establishment of this national agreement
regarding HPV vaccination, including legislators, professional
and advocacy organizations, pharmaceutical companies, print
and online media, researchers, and informal networks. Of these
sources, online media play an increasingly important role in the
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sharing of medical information [2]. Popular celebrities’
experiences have a tremendous role in raising the public
awareness about this disease. In the United Kingdom, cervical
cancer screenings increased after a popular TV star, Jade Goody,
died from cervical cancer. This is the so-called “Jade Goody
effect” [3].

Japan legally supports routine childhood immunization against
only 8 diseases [4], a policy that can be primarily attributed to
law suits during the 1980s and 1990s [5], and the budget deficit.
Nevertheless, unlike in the United States [6] and India [7],
national agreement on HPV vaccination was reached relatively
smoothly in Japan. After the 2006 licensure of Merck’s HPV
vaccine in the United States, bills to make HPV vaccination
compulsory were introduced in 24 states. However,
policymakers changed their mind and as of February 2010, only
2 states had enacted mandates [6]. In India, the government
suspended the HPV vaccine trials responding to demands from
advocacy groups. In contrast, in Japan, after the licensing of a
bivalent HPV vaccine in October 2009, 294 local governments

corresponding to 16.4% of the total local governments decided
to offer subsidies by October 26, 2010. On August 5, 2010, the
Minister of Health, Labor and Welfare proclaimed that they
would budget for the national vaccination for the next fiscal
year. These actions by the government imply that a national
agreement for HPV vaccination was reached. The objective of
this study is to identify the role of print and online media
references, including references to celebrities or other
informants, as factors potentially responsible for the relatively
rapid development of the national agreement on HPV
vaccination in Japan.

Methods

Overview
An overview of the process and the analysis method used in
this paper is shown in Figure 1. We will describe the details of
each step in the process, corresponding to each frame in Figure
1, subsequently.

Figure 1. Overview of the process to analyze media review reports on HPV in Japan.
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Media Review
After review of articles related to cervical cancer using
keywords, a total of 5 newspapers covering approximately 60%
of total circulation were selected from among all registered
newspapers in Nikkei Telecom 21, the major newspaper
database in Japan. Using the Google search engine, we selected
Web pages by keywords and the names of 5 Japanese celebrities
who survived cervical cancer before 2010; most of these
celebrities were involved in activities to promote HPV
vaccination or had shared their stories via books or mass media.
The monthly change in the number of instances in which each
category of keywords appeared in newspaper articles and Web
pages was determined and analyzed. We collected Web pages
updated for specified periods via Google’s search engine. The
dates of publication for news articles were listed in the database.
All articles and almost all the Web pages were in Japanese
because we searched using Japanese keywords (the keywords
shown subsequently are translated into English). As we
described the situation in Japan, the language was constrainted
to Japanese.

Keyword Selection and Classification
Keywords were selected using KeyGraph [8-13] (see Multimedia
Appendix 1 for details) and were manually classified into
positive, negative, or neutral expressions so that their frequency
in newspaper articles and Web pages between January 2009
and July 2010 could be compared.

We used the keyword graphs in Figures 2 and 3 obtained by
KeyGraph applied to the review of the reporting of HPV
vaccination during the study period. Referring to Multimedia
Appendix 1, the number of nodes (element of the document)
were set as N_blacknodes=30, N_black links =20, and N_red
nodes=10 (the default values for setting these parameters). The
black node, red node, and black link are defined as a high
frequency word, an important word not shown with high
frequency in the document, and a connection in the document,
respectively.

From the keywords presented by KeyGraph, 2 domain experts,
who are researchers of medical sociology (HN and MK),
independently selected words representing already existing
concepts relevant to the promotion of HPV vaccine and
classified the keywords as positive, neutral, or negative (Table
1), based on discussion with specialists in vaccination policy
in Japan. If there was discordance between them, HN made a
final decision. The kappa statistic was used to assess the level
of agreement among the researchers. The definition of positive,
negative, and neutral were “promotion of HPV vaccination,”
“objection or barrier to HPV vaccination,” and “activities against
cervical cancer,” respectively. For example, “public expense”
was positive because HPV vaccination was supported by public
funding. An attorney’s name was negative because the attorney
actively developed a campaign against HPV vaccination.

Table 1. Classification of keywords associated with human papillomavirus (HPV) in Japan.

KeywordsCategory

Public expense, subsidy, signature campaign, recruitmentPositive

Vaccine, screening, Cervarix, prevention, vaccinationNeutral

Side effect, infertility, danger, [an attorney’s name]Negative

Figure 2. Keyword map (KeyGraph) showing the primary stakeholders in HPV vaccination in 2009. The most frequent words are shown with black
nodespairs of these frequent words co-occurring the most get linked via black lines. “GAN” is a Japanese word meaning cancer.
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Figure 3. Keyword map (KeyGraph) showing the primary stakeholders in HPV vaccination in 2010. The most frequent words are shown with black
nodespairs of these frequent words co-occurring the most get linked via black lines. “GAN” is a Japanese word meaning cancer.

Results

Media Analysis
The total number of newspaper articles and Web pages
containing information regarding cervical cancer was 624 and
15,792,600, respectively, for the study period. An increase in
the number of newspaper articles coincided with an increase in
Web pages in early 2010 (Figures 4 and 5). The numbers of
positive and neutral keywords in the newspaper articles
increased sharply in early 2010 and peaked in June 2010,
whereas the number of negative keywords remained low

throughout the study period (Figure 4). In contrast, the numbers
of positive, neutral, and negative keywords in Web pages
increased gradually over the study period and did not
significantly differ by category (Figure 5). Although the number
of Web pages containing the names of relevant Japanese
celebrities had increased to 19,200 by May 2010 (Figure 4),
few newspaper articles reported on these celebrities during the
study period (Figure 5). The neutral keywords “vaccine” and
“prevention” appeared more frequently in newspapers, whereas
the negative keywords “infertility” and “vaccine” appeared
more frequently on Web pages.
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Figure 4. Serial changes in the number of newspaper articles containing positive, negative, and neutral keywords related to cervical cancer and the
names of relevant Japanese celebrities.

Figure 5. Serial changes in the number of Web pages containing positive, negative, and neutral keywords related to cervical cancer and the names of
relevant Japanese celebrities.

Keyword Analysis
The assessment of the agreement on the keyword labeling
revealed no significant differences between the 2 researchers
(κ=.884). The number of Web pages containing the 3 positive
keywords increased gradually over the study period, whereas

the number of newspaper articles containing the positive
keywords “subsidy” and “public expense” peaked in June 2010.
The neutral keywords “vaccine” and “prevention” co-occurred
frequently in newspaper articles throughout the study period,
with the number containing “prevention” peaking in June 2010.
Although the number of Web pages containing the negative
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keywords “side effect” and “infertility” increased gradually
over the study period, the number of newspaper articles
containing “side effect” peaked in June 2010.

Discussion

Principal Findings
Text mining using KeyGraph led to extraction of the keywords
“public expense,” “subsidy,” and “signature campaign,” but not
“pharmaceutical company” (a main stakeholder in the promotion
of HPV vaccination [14-16]) as a positive keyword. The
extraction of these words—particularly “signature campaign,”
a type of campaign conducted by vaccine
beneficiaries—suggests that vaccine beneficiaries cooperated
with providers in promoting HPV vaccination in Japan. Because
previous studies on HPV vaccination failed to find evidence of
such cooperation [17], these findings were unexpected but
noteworthy in discussing latent social trends affecting the
prevalence of HPV vaccination.

Analysis of the results suggested that the most influential
stakeholders had changed from vaccine providers, including
medical specialists and pharmaceutical companies, to vaccine
beneficiaries during the nationwide discussion on HPV
vaccination between 2009 and 2010 (Figures 2 and 3). After
comparing Figures 2 and 3, we defined stakeholders as people
or groups who might have some impact or influence on the HPV
vaccination situation in Japan. The words describing HPV,
features of cervical cancer, vaccine, or the name of the
pharmaceutical company appeared with high frequency (Figure
2). The media primarily reported the development or licensure
of HPV vaccine in 2009, implying that the main stakeholders
were vaccine providers. In contrast, the keywords “public
expense,” “subsidy,” “signature campaign,” and an attorney’s
name appeared in Figure 3. These keywords were closely related
to lay people’s activities or financial issues related to individual
vaccination. The increase in the appearance of the keywords
implies that the stakeholders in 2010 were lay people who
generally benefit from vaccine.

The nature of the discussion regarding HPV vaccination varied
widely between newspaper articles and Web pages. We found
2 major tendencies: (1) the number of newspaper articles
containing positive and neutral keywords increased
exponentially before peaking in June 2010, but the number
containing negative keywords remained stable (Figure 4), and
(2) the number of Web pages containing all 3 categories of
keywords increased gradually over the study period (Figure 5).
One possible explanation for this difference is timing. When
the Japanese government initiates budgetary compilations,
typically in May or June, it allows press clubs—including the
major newspaper and television providers, but not online media
sources—a high level of access to its proceedings [18]. Thus,
the nature of reporting by print and online sources may differ
during these periods. Another possible factor is bias.
Newspapers are often financially dependent on their sponsors,
which may include pharmaceutical companies [19]; thus, they
may be reluctant to report information opposing their sponsors’
interests. Another possible factor may be that print media have
strict space and time restrictions. Because of these restrictions,

newspaper media sometimes report only one aspect of the
events.

In contrast, anyone can provide online content, and many of
these authors have no conflicts of interest with sponsors. Web
content writers, especially amateur writers, can provide their
opinions freely on Web. Moreover, because Web content
remains almost permanently, they are gradually accumulated.

This discussion does not prove causality, but proposes
hypotheses consistent with the observed trends. Another
possibility is that, for example, regardless of superficial
differences regarding words and causations, the 2 tendencies
are interrelated. Their coupling effect can be suggested as a
hypothesis, according to the following analysis. The curve in
Figure 4 for newspaper articles, in which positive expressions
correspond to persuasive messages may superficially look
different from the curve in Figure 5, in which negative
expressions (ie, criticisms and counter opinions to HPV
vaccination) persistently increased on the Web. However, we
found a significant covariation between the 2 tendencies. We
calculated the values from the equations displayed in Figure 6
to see correlation between the 2 tendencies.

For example, growth of positive news (May 2010) is equal to
30/17, because the value of count positive news (May
2010)—the number of articles with positive words in May 2010,
equal to 47 as shown in Figure 3—is larger than 17 by 30, which
is the average of count of positive news for the 4 months from
January to April 2010. We used 4 months as the denominator
in both equations to omit noise that appeared as small variations
over periods of 4 months. Then, we extinguished the outlying
period January 2010, where growth of positive news (January
2010) was 4.09. This value was exceptionally large in
comparison with other periods, where the second largest growth
of positive news was 2.4 (SD 1.18). As a result, as in Figure 7,
the sequences of growth of positive news (t) and growth of
negative Web (t-dt) are correlated significantly for dt=0, where
dt means the length of staggered time in evaluating the temporal
correlation between the sequences. That is, the strong correlation
(R=.79) for dt=0 means the coincidence of changes in the
frequencies  of  words in each category
(positive/neutral/negative), between the 2 sequences for exactly
same periods (May 2009 to June 2010). Thus, the negative
reaction of the Web can be considered to be linked significantly
with the positive in the mass media represented by newspapers.

One of the potential explanations for the tendencies is the
2-sided presentation, although its causal relation to the national
agreement about HPV vaccination in Japan is difficult to prove
until we observe sufficient variation of situations (ie, whether
each piece of candidate causal information was shown or not
for each change of national agreement—this point is addressed
in future work mentioned subsequently). This effect, established
by Hovland et al [20], was that a 2-sided message—a message
presenting not only the negative side but also the positive side
of a controversial issue (such as an advertised product)—is more
persuasive than a 1-sided message to educate an audience
expected to have basic knowledge about the issue discussed or
to those who were not initially positive to be persuaded by a
message. This difference between the effects of 1- and 2-sided
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messages is explained in terms of perception of bias in Belch
[21]. That is, a 1-sided message would be regarded as biased
by those who are aware of opposing arguments or of arguments
on both sides of the issue. Taking this position, the analysis
result presented here corresponds to this effect in that the

positive information provided by newspapers and the negative
information on the Web composed 2-sided messages and were
casted before and with the social movement toward the
promotion of vaccination.

Figure 6. Equations for each month (t) where growth x(t) denotes the increase in the counted number, countx(t) of articles or Web pages corresponding
to x at time t, in comparison with the average of the 4 preceding months.

Figure 7. Pearson correlation coefficient between the 2 sequences corresponding to positive keywords in news and negative keywords on the Web,
with staggering the sequences by sliding time dt.

Limitations
We have tried to present a plausible explanation for the media
trends and national agreement on HPV vaccination. We should
consider 2 limitations faced by this study that may limit the
generalizability of the findings. First, certain types of media,
including magazines, television, and social media (ie, Twitter
and Facebook)—the last of which have become increasingly
important sources of information transmission between doctors
and patients as well as among medical researchers
[19,22]—were not included in the analysis because of their lack
of inclusion in major databases. Because we do not have a
well-established database of social media content, we focused
on newspapers and Web pages in this study. Further

investigation of social media will be necessary in our next study.
Second, pharmaceutical companies might have indirectly
influenced the national agreement by promoting HPV
vaccination through donations to patient advocacy groups or
nonprofit organizations. Because no database was available
about advertisements in newspapers and on Web media in Japan,
it is difficult to evaluate its influences on the public opinion.
Nagata and colleagues [23] reported the effects of
advertisements in weekly magazines. According to the study,
6 weekly magazines provided 696 articles and 340
advertisements relating to cancer, 30.4% of which reported
dubious folk medicine and immunotherapeutic treatments
without supporting evidence. The contents in the weekly
magazines could prejudice the public against cancer therapies.
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Pharmaceutical companies may intend to influence public
opinion via mass media. Both the first and the second limitations
are addressed in our future work identifying the role of
references to information as factors responsible for the
development of national agreement on HPV vaccination. We
expect this will present plausible explanations for the positive

social trend and support professions in the future who would
contribute to prevailing useful medical technologies.

Conclusion
The rapid development of a national agreement regarding HPV
vaccination in Japan may be primarily attributed to advocacy
by vaccine beneficiaries supported by celebrity advocacy and
positive reporting by print and online media.
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Abstract

Background: Health risk calculators are widely available on the Internet, including cardiovascular disease (CVD) risk calculators
that estimate the probability of a heart attack, stroke, or death over a 5- or 10-year period. Some calculators convert this probability
to “heart age”, where a heart age older than current age indicates modifiable risk factors. These calculators may impact patient
decision making about CVD risk management with or without clinician involvement, but little is known about how patients use
them. Previous studies have not investigated patient understanding of heart age compared to 5-year percentage risk, or the best
way to present heart age.

Objective: This study aimed to investigate patient experiences and understanding of online heart age calculators that use different
verbal, numerical, and graphical formats, based on 5- and 10-year Framingham risk equations used in clinical practice guidelines
around the world.

Methods: General practitioners in New South Wales, Australia, recruited 26 patients with CVD/lifestyle risk factors who were
not taking cholesterol or blood pressure-lowering medication in 2012. Participants were asked to “think aloud” while using two
heart age calculators in random order, with semi-structured interviews before and after. Transcribed audio recordings were coded
and a framework analysis method was used.

Results: Risk factor questions were often misinterpreted, reducing the accuracy of the calculators. Participants perceived older
heart age as confronting and younger heart age as positive but unrealistic. Unexpected or contradictory results (eg, low percentage
risk but older heart age) led participants to question the credibility of the calculators. Reasons to discredit the results included the
absence of relevant lifestyle questions and impact of corporate sponsorship. However, the calculators prompted participants to
consider lifestyle changes irrespective of whether they received younger, same, or older heart age results.

Conclusions: Online heart age calculators can be misunderstood and disregarded if they produce unexpected or contradictory
results, but they may still motivate lifestyle changes. Future research should investigate both the benefits and harms of
communicating risk in this way, and how to increase the reliability and credibility of online health risk calculators.

(J Med Internet Res 2014;16(5):e120)   doi:10.2196/jmir.3190
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Introduction

Health risk calculators are widely available on the Internet, with
outcomes ranging from overall mortality to specific diseases
such as cancer, diabetes, and cardiovascular disease (CVD) [1].
In the context of CVD, risk calculators use a mix of clinical and
lifestyle risk factors to estimate the probability of a heart attack,
stroke, or death over a specific period of time [2]. This may be
communicated as a percentage or the alternative risk format of
“heart age”, where heart age older than current age indicates
modifiable risk factors [3,4]. These calculators may impact
patient decision making about CVD risk management with or
without clinician involvement, but little is known about how
patients use and understand such risk calculators. Previous
research on diabetes and cancer risk calculators suggests that
people may disregard results that do not match their prior risk
perception [1,5], and the presented numerical format may affect
perceived credibility of the results [6].

Clinical guidelines around the world advocate CVD risk
assessment based on “absolute risk”—the percentage risk of a
cardiovascular event over a 5- or 10-year timeframe [7]. The
Framingham model is commonly used and accounts for the
effect of non-modifiable risk factors, including age and gender,
as well as modifiable risk factors, such as smoking, blood
pressure, and cholesterol [8,9]. However, research has
established that percentages are poorly understood by both
clinicians and patients [10,11]. Clinicians also report situations
in which communicating absolute risk to patients is unhelpful
[12,13]. In particular, patients with lifestyle risk factors (eg,
smoking or obesity) can have low percentage risk (eg, younger
patients and women are likely to have low 5-year absolute
risk<10%), which may reduce motivation to change lifestyle
before it leads to CVD and other chronic illnesses [12]. Such
communication issues may discourage GPs from using absolute
risk assessment, contributing to the suboptimal use of absolute
risk guidelines around the world [14,15].

Preliminary research suggests that converting percentage risk
into an individual’s heart age may be a useful alternative for
communicating CVD risk. A focus group study using
hypothetical risk found that patients preferred heart age over
other CVD risk formats, but there were concerns it may frighten
people if older than their current age [16]. A randomized
controlled trial found that giving patients a CVD risk profile,
including heart age, improved cholesterol levels compared to

usual care over the first year of cholesterol medication treatment,
especially for higher risk patients [17]. The similar concept of
“lung age” was found to motivate smokers to quit regardless of
the result: normal lung age acted as an incentive to stop smoking
and abnormal lung age sent a message that quitting could slow
deterioration [18]. However, heart age and lung age were not
specifically compared to percentage risk in these studies [17,18].
An experimental study found that heart age improved
understanding of risk compared to 10-year percentage risk and
had more emotional impact for younger people at higher risk
[19]. A study on a New Zealand heart age tool suggests it may
increase clinician understanding and confidence in assessing
absolute CVD risk, but patient outcomes were not assessed [3].

To the authors’ knowledge, there have been no studies
investigating patient understanding of heart age compared to
5-year percentage risk, which is currently used in Australian
guidelines and online tools. Nor have there been any studies
investigating the best way to present heart age. This study aimed
to investigate patient experiences and understanding of online
heart age calculators that use different verbal, numerical, and
graphical formats, based on 5- and 10-year Framingham risk
equations [8,9], which are used in clinical practice guidelines
in many countries around the world [3,7,20,21].

Methods

Ethical Approval
Ethical approval for the study was obtained through the Human
Research Ethics Committee of the Sydney Local Health District
(Protocol No. X11-0200). Each participant gave written consent
before participating in the interview.

Recruitment
General practitioners (GPs) in New South Wales, Australia,
recruited 26 patients between 40-70 years of age, with at least
one CVD or lifestyle risk factor, who were not currently taking
medication, targeting low (5-year absolute risk<10%) to
moderate (10-15%) risk patients who may be less motivated by
their percentage risk result [20,21]. Purposive sampling was
used to recruit participants with a range of ages, gender,
knowledge of risk factors, and risk calculator results (see Table
1). This was done by modifying the eligibility criteria given to
recruiting GPs throughout the study. Analyses based on 26
participants suggested saturation of key themes (see Figure 1),
so no further recruitment was conducted [22].
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Table 1. Participant characteristics in order of absolute risk result, by gender.

Knew

Cholf
Knew

SBPeHA vs ageHA: New ZealanddHAb: UnilevercAgeGenderARaID

YYyounger<484648Woman1%102

NYyounger<524652Woman1%109

NYyounger<544954Woman1%112

NNolder645140Woman2%99

NNmixed615151Woman2%118

YYmixed594357Woman3%68

YYolder646157Woman4%87

YYmixed696263Woman4%115

NYmixed686267Woman4%108

NNsame393939Woman6%103

YYyounger<575357Woman6%71

YYolder727458Woman6%70

YYolder605949Woman8%107

NNolder707959Woman8%119

YNolder738060Woman9%116

NNolder>757266Woman10%106

NYolder525145Man3%84

NNolder585248Man3%91

NYolder576050Man4%111

NNolder665755Man5%63

YYolder626358Man5%96

NYolder464341Man6%113

YYmixed635862Man7%110

NYolder697460Man8%94

NNolder706058Man11%95

YNolder666055Man12%65

aAR: initial 5-year absolute risk estimate on New Zealand calculator (<10% indicates low risk; 10-15% indicates moderate risk)
bHA: heart age result on each website
cUnilever: website developed by Unilever [23]
dNew Zealand: website developed by New Zealand Heart Foundation [24]
eSBP: systolic blood pressure, Y=yes, N=no
fChol: cholesterol, Y=yes, N=no
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Figure 1. Process of using risk calculators: red arrows indicate low credibility pathways, green arrows indicate high credibility pathways, solid lines
indicate main pathways identified, dashed lines indicate alternative pathways identified.

Participants
Participants were 16 women and 10 men, between 40 and 67
years of age, with a range of highest educational attainment: 4
had not completed high school, 6 had completed high school,
7 had a technical qualification, and 9 had completed a university
degree. Five-year absolute risk results ranged from 1-12%, with
23 at low risk (<10%) and 3 at moderate risk (10-15%) of a
CVD event. Compared to current age, the heart age results were:
16 older, 4 younger, 1 same as current age, and 5 mixed results
for the two calculators.

Process
Two heart age calculators based on Framingham risk equations
were publicly available at the time of the study in 2012 (see
Table 2 and Figure 2) [23,24]. A protocol including think aloud
and semi-structured interview methods was developed based
on past research showing that a concurrent think aloud protocol
elicits more information, but additional insights can be gained
retrospectively (see Multimedia Appendix 1 for protocol) [25].
The interviewer (CB) was a researcher trained in public health
qualitative methods, who piloted the protocol with a convenience
sample of 4 participants who met the study eligibility criteria.
Pilot participant feedback was discussed with the research team

and the think aloud instructions were clarified before
commencing the study. Participants were asked to think aloud
as they used each website in random order, with minimal input
from the interviewer unless they had difficulty using the website.
No interpretation of the results was provided until the end of
the interview and the interviewer clarified that the researchers
were not connected to the websites if this issue arose. In order
to practice thinking aloud consistently, participants completed
a simple “spot the difference” task in which they described what
they were doing. Upon successful completion of this practice
task, participants began using the heart age calculators. A “keep
talking” sign was placed above the computer, which the
interviewer would point to if the participant was silent for more
than 10 seconds. The entire session was audio-recorded and use
of the websites was video-recorded using SMRecorder screen
capture software [26]. All interviews were audio-recorded, but
technical problems prevented the use of screen capture software
in some interviews: 3 participants had no video data because
of computer or software issues and 5 participants had only one
calculator video-recorded (3 due to computer or software issues
and 2 due to the Unilever website being taken down, who
completed the study over the phone when the website became
temporarily available again).

J Med Internet Res 2014 | vol. 16 | iss. 5 |e120 | p.147http://www.jmir.org/2014/5/e120/
(page number not for citation purposes)

Bonner et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 2. Example of heart age calculator results for ID91: male, age 48, BP and cholesterol unknown. A: New Zealand, initial absolute risk result 3%
but estimate increased to 5%; B: heart age 58; C: Unilever result, heart age 52.
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Table 2. Main differences between the two heart age calculators.

Unilever [23]New Zealand Heart Foundation [24]Variable

10-year risk based on cholesterol or body mass index
Framingham risk equation [8].

5-year risk based on cholesterol Framingham risk equation [9].Timeframe

Heart age result can be younger than current age.“Lower than” current age. Current age is the lowest value
shown.

Minimum heart age

No – heart age only.Yes – % and risk level (mild, moderate, high, very high).Include % risk

No – text only.Yes – trajectory over age with colors indicating risk level.Graphical display

Age, gender, family history, smoking, diabetes, sys-
tolic/diastolic blood pressure, total/HDL cholesterol,
height, weight, waist.

Age, gender, family history, smoking, diabetes, systolic blood
pressure, cholesterol ratio, ethnicity.

Risk factors asked about

Blood pressure, cholesterol, smoking, body mass index.Blood pressure, cholesterol, smoking, diabetes (if not already
diagnosed).

Modifiable risk factors at
final results page

If blood pressure and/or cholesterol values were not
known, alternative Framingham-based algorithms includ-
ing body mass index were used to calculate heart age
[8].

If blood pressure and/or cholesterol values were not known,
two values were given: a population average based on demo-
graphics, and a higher than average value that “1 in 4 people
like you” would have. These estimates were used to calculate
two absolute risk results (see Table 1 for initial result based on
the average). The higher than average value was used to calcu-
late heart age.

Missing data

Analysis
A framework analysis method was used to analyze the interview
transcripts, which involved five steps [27]. The first step was
familiarization with the data: CB read through all 26 transcripts,
recorded the calculator input/output for each participant from
videos if available or from transcripts and field notes if
unavailable, and discussed this and 2 transcript excerpts with
all authors, covering younger and older heart age results. The
second step was to create a thematic framework: CB, JJ, and
KM read a sample of 5 transcripts covering younger,
same/mixed, and older heart age results, and developed the
initial framework. Third was indexing: CB, JJ, and HD each
watched a video to ensure understanding of the process and
coded the remaining transcripts according to the framework,
with new themes and revisions to the framework discussed (see
Multimedia Appendix 2 for final framework). Ten transcripts
were double-coded independently by two researchers. The fourth
step in the analysis was charting: CB, JJ, and HD summarized
themes and supporting quotes from each transcript in the
framework (a matrix with participants as rows and themes as
columns), with transcripts reread and discussed to resolve any
disagreement about the best way to represent the data. The fifth
step was mapping and interpretation: CB and JJ examined the
framework within and across themes and participants to identify
overarching themes and relationships, independently
summarized the process of using and interpreting the two risk
calculators in a diagram, and differences between the 2 process
diagrams were discussed with KM and HD. The order in which
the calculators were viewed was taken into account, based on
separate coding of the two websites, but this did not appear to
influence the overall process. Then JJ, HD, and KM each read
2 additional transcripts to check the findings and the final
process diagram was created (see Figure 1). The final results
were discussed with all authors. Rigor was addressed by:
repeated coding of transcripts by different team members to
ensure a comprehensive themes list and framework was

achieved; an iterative process of constant comparison between
the existing framework and new data; detailed documentation
of the analysis process; and discussion of emerging and final
themes with all authors [28].

Results

Reliability
The reliability of the risk calculator results was affected by
several factors. Misinterpretation of risk factor questions was
common, with 9/26 participants making at least one error in
their responses to the questions, based on inconsistencies
between the data entered in the two calculators and their thought
process while entering the data. Many participants couldn’t
remember their exact blood pressure or cholesterol levels but
were aware that these risk factors were low or normal based on
past assessment, and this did not match the estimates provided
by the calculator.

I guess if I’d known my blood pressure and
cholesterol level, it might have been lower but that's
all right…automatically went to the default position,
the higher setting… I think I’d be lower than that in
reality. [ID95, older heart age]

The two calculators gave different heart age results for all but
one participant due to these input errors and the different
assumptions built into the calculators: the use of different
absolute risk models (5- vs 10-year risk; use of body mass index
if cholesterol was unknown), the estimates used when blood
pressure was unknown, and the “ideal” that participants were
compared to when calculating the heart age.

Risk Formats
In the New Zealand calculator, the explanation of the percentage
risk information was often overlooked, with 12/26 participants
skipping through at least one part of the explanation. Even when
the percentage information was seen, it was often forgotten by
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the end, with participants generally more focused on the graph
and heart age results. When specifically asked, many participants
were unsure what the percentage referred to, even though the
graph title clearly stated it was the percentage risk of a heart
attack or stroke in the next 5 years.

Well, that I have a 2%, so I have 2. Well, what does
it mean? Does it mean that I, 2 days out of 100, I’m
at risk of a heart attack. I don't know what that means.
I have a 2% chance, I have a…well, it sounds low but
what does it mean? I mean I don't know…No, I think
the heart age was good. [ID118, mixed heart age
results]

The graph in the New Zealand calculator was sometimes
confusing, particularly the first few screens where many
different numbers were used in the explanation of the results
(see Figure 2A). However, other participants liked the graph
and demonstrated a clear understanding of how risk would
increase with age when viewing it.

Yeah, I think the graph is not so great…it is more the
older generation I guess you’d be looking at as well,
not people who are really computer savvy and they
can read 100 things on the screen at one time and
take it all in. [ID107, older heart age]

The risk is going to go up anyway and even if I stay
doing what I’m doing now, it’s still going to rise, and
to keep it at the lowest risk I need to do more…being
vigilant on the blood pressure and the cholesterol
and just being probably a bit more active. [ID115,
mixed heart age results]

The heart age format in both calculators was much more salient,
meaningful, and elicited more emotional reactions in
participants. Younger heart age was seen as very positive and
participants often preferred the calculator that gave them a lower
heart age, although some felt it was unrealistic and could
discourage people from improving their lifestyle. Older heart
age was confronting and participants’ first reaction was often
disbelief, particularly if they felt they had a good lifestyle. Heart
age had a more immediate meaning to participants than
percentage risk, indicating a healthy lifestyle if younger, and
the need to change if older.

Oh, younger than me—that’s good news
(laughter)…The fact that it’s younger. I mean I
already feel that I am probably healthy-ish for my
age, healthy. So I’m not assuming that yes, ok, my
heart is 6 years younger than my body but I’m, to me
that says, yeah, you’re ok. [ID109, younger heart age]

Your heart age is 52? Get out of town…How does
that work? Your current risk right now is there. But
my heart age is 52…No cholesterol.
Normotensive…Don’t believe it…not smoking, eating
a healthy diet…I’m grumpy with this website already.
Because it’s asking me to do things that it didn’t
actually question me about before, like being active
or eating. [ID84, older heart age]

The multiple formats presented in the New Zealand calculator
were sometimes perceived as contradictory, particularly low

percentage risk in the green mild category compared to an older
heart age result. The use of consistent colors was also
important—green indicated a mild risk level in the basic graph,
but a green line was also used to show how risk would increase
if the participant started smoking or developed diabetes.

Well, off the basis of one number, you're saying I’m
middle in the mild, yet you've automatically put me
at 5 years older than my heart. So those two things
are probably contradictory in a way…by clicking on
the start smoking you strangely get a green line, which
would indicate a good thing which is probably not
right. Ah…it should be a black line. [ID113, older
heart age]

The ability to modify different risk factors to see what effect
they had on the results also had mixed responses from
participants: some weren’t interested in using it or didn’t
understand it, while others spent some time playing around with
the factors to reduce their heart age result or make the estimated
risk factors more realistic. However, the message this conveyed
depended on how the participant used it—for example, the
following participant concluded that blood pressure was more
important than cholesterol because she happened to move blood
pressure to a higher level.

What about if you get diabetes and you smoke? You
are dead by 55. Wow…Oh, so the cholesterol isn’t
too bad. It’s, gauging from this, it’s when the blood
pressure goes up and if you have diabetes. That’s
what I’m getting from this. [ID103, same heart age
as current age]

Participants tended to focus on the risk factors that were most
relevant to them; for example, the effect of smoking was of
more interest to current/ex-smokers and several participants
wanted to see the effect of alcohol.

Your projected risk if no changes are made…ok, so
I go from a mild to a high if I don’t change anything
that I do. All right…If I quit smoking long term…that
decreases it…so I’m only in the moderate range then
if I do that, ok…It's something that I have actually
been thinking of for quite a while. [ID99, older heart
age]

What about drinking, where is the drinking? That
would be more interesting to me…you would have to
put drinking in there as we get older. [ID70, older
heart age]

Process of Using Risk Calculators
The process of using the risk calculators involved several stages:
expectations of CVD risk based on prior knowledge, experience
of using the calculator, evaluation of the credibility of the
results, and actions considered as a result of this process. This
is illustrated in Figure 1, with examples in Tables 3 and 4.
Participants’ expectations, experience, evaluation, and actions
sometimes changed between the two calculators, but the order
in which they were viewed did not appear to affect the overall
process. The process diagram therefore describes the range of
pathways that participants followed regardless of the order in
which the calculators were used, with solid lines indicating the
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two main pathways, and dashed lines indicating alternative
pathways.

The high credibility pathway tended to occur when participants
had little prior knowledge of their own risk of CVD. Their
general knowledge of CVD risk factors was consistent with the
information in the calculators, and so they tended to accept the
results and have a more positive reaction to them. Those who
received a younger heart age result usually had a positive
reaction. In these situations the credibility of the results was not
closely questioned and led to various actions: participants
considered changing their lifestyle to lower risk even further or
maintain younger heart age, thought of higher risk family or
friends who could benefit from using the calculator, and
sometimes perceived increased understanding or changed risk
perception.

Alternatively, those with more specific knowledge evaluated
the calculator as having high credibility if they had a positive
reaction to the calculator, such as getting lower heart age than
current age or all the information matched what they knew about
their CVD risk. Seeing a similar result for the second calculator
also increased credibility.

The low credibility pathway tended to occur when participants
had more specific knowledge of their own risk of CVD, but
could not necessarily remember their exact blood pressure and

cholesterol levels. These participants were more likely to
encounter unexpected information in the calculators, and reacted
negatively to receiving an unexpected heart age result. In these
situations, the credibility of the results was questioned and
participants re-evaluated their prior expectations (eg, that they
already had a good diet) and experience of using the calculator
(eg, that they weren’t asked any questions about diet) to make
sense of the result. Common reasons used to discredit the results
were the lack of relevant lifestyle questions in the New Zealand
calculator and the influence of corporate sponsorship in the
Unilever calculator. However, even when the results were
rejected, participants still considered lifestyle change and felt
that the calculators would be useful for others. Some decided
they should get their blood pressure or cholesterol checked again
to increase the accuracy of the risk assessment.

Alternatively, those with little prior knowledge evaluated the
calculator as having low credibility if they had a very negative
reaction to the results or specific components (eg, some men
believed that body mass index was inaccurate for them).
However, they still considered lifestyle change and getting a
more accurate assessment.

In summary, using the heart age calculators appeared to lead
participants to consider lifestyle changes regardless of the
pathway they described and regardless of their heart age result.
This is illustrated by the quotes in Tables 3 and 4.

Table 3. Examples of main pathways for low vs high credibility.

Example: quotes from ID119 (woman aged 59, higher
heart age, 5-year absolute risk 8%)

Main pathway for
high credibility

Example: quotes from ID70 (woman aged 58,
higher heart age, 5-year absolute risk 6%)

Main pathway for low
credibility

I like to think that I am low (risk) but I don’t know. My
mum did have some issues with her heart when, when
she was young, I mean probably, oh, late 60s, early
70s. So, if it is something to do with genetics or what-
ever, well I’m getting into that age, so I don't know. I
would say I’m in low. I would like to believe that.

Expectations: Having
only general knowl-
edge about CVD is
more likely to match
experience of using
calculator

Do you know your blood pressure – yes. Oh,
well…I can't really remember but I’ll just put
in I think it was 138 over 81…Do you know
your cholesterol – can't remember. Oh, hang
on a sec, 3 to 4…high, I think it was high…She
said it was sort of middle – 5.

Expectations: Specific
knowledge of own
risk factors is less
likely to match experi-
ence of using calcula-
tor

You will be near this point, this is a mild risk, oh good
(laughter)….I’m glad about that, happy, happy, hap-
py…this risk will be your risk as you get older, ok. So
I have to be careful what I do…Your ideal risk based
on non-smoker, your heart age is 70 years old, oh wow
(laughter)… You can reduce your risk of heart attack
or a stroke by not smoking – I don't, eating a healthy
diet – ok, by being active for at least 30 mins on most,
on most days of the week – ok, I need to do that.

Experience: If infor-
mation makes sense
and matches expecta-
tions, and/or elicits a
positive reaction,
credibility is not ques-
tioned

Current risk this is a mild – yeah…I agree with
that...Your heart age is what, rubbish. I don't
believe that…no way…What…I better start
changing this, hadn’t I…Too in your face, I
don't want to know that. I don’t want to know
my heart age…72 years of age. Too frank…
Terrible, 72...It sounds like I’m going to have
a heart attack very soon...I’m on the way.

Experience: Negative
emotional reaction
when calculator
doesn’t match expecta-
tions, leading partici-
pants to question
credibility

Wow, this is very good…it’s an eye opener to, you
know, I think that I didn't have, to be honest, I didn't
have much problem with my heart…Oh yeah, I’m
overweight and this and that but never thinking that
it’s, it (would) have such an effect on my heart and
that, yeah, I’m like anybody else. You know I can have
a heart attack and I can have problems with my heart,
scary…So the cholesterol level and the blood pressure
is something that…I need to be very much aware and
try to you know make sure that I check it all the time
with the Doctor.

Evaluation: High
credibility leads partic-
ipants to consider sev-
eral possible actions
without re-evaluating
expectations and expe-
rience

Terrible, again it's terrible. I hate this 74 and
72, that’s not real…The only one that can say
my heart age would be the, my cardiologist
when he goes in and has a look at my heart
age…A lot of things on the Internet really
aren’t sort of factual...I reckon other people
my age would probably be on a higher…two
of my school chums would be definitely be-
cause they're overweight, they’re on the tablets.

Evaluation: Low cred-
ibility leads partici-
pants to re-evaluate

expectations and expe-
rience

My husband should do this…it’s telling me that I need
to do something. That I have to take action…I don’t
know if, if the heart can get back to, to match my
age...that is something I need to talk to my Doctor
about.

Action: Lifestyle
change and usefulness
for others considered

Yes, I think it is a wakeup call. Yes, I am
watching my diet. Yes, I am not exercising
enough yet but I will (laughter)… I think I
might put Mum on here and give her a go.

Action: Lifestyle
change and usefulness
for others considered
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Table 4. Examples of participants considering lifestyle change by heart age result.

Quote illustrating consideration of lifestyle changeHeart age result

Ok, so this is interesting...if I reduce my BMI...so weight is a clear factor here…This is quite good, this tool here, because
it actually gives me some targets for my BMI and what sort of weight I should be. So it’s, man, I’m going to have to
lose a lot of weight (laughter)...This is quite good because I think it, it clearly shows that my weight is something I
need to work on. And I think the fact it’s red, it takes you straight to that and I do like that. [ID65, older heart age]

Older heart age than current
age

With that graph specifically, that it’s a general rise anyway without taking into account, you know it’s not going to
be stable. It's automatically going up so you have to work a bit harder at it…that’s made an impression on me and
that’s the biggest thing I’ve picked up that, yeah, you’ve still got to keep working at it. It doesn’t matter what you’re
doing now that sort of just yeah maintain or get more, just to try and yeah reduce the risk, keep going to reduce it…just
being aware of it and, and I think it, I’m pleased that it’s at the lower level but also you’ve got to be vigilant. [ID115,
mixed results]

Mixed results (younger then
older heart age result)

When I went on the Heart Foundation one and I changed my cholesterol and it increased my risk of heart disease...that’s
something that’s important to me, because it happens in my family, so, yeah. This sort of thing that I have sitting out
here (biscuits) will not be happening. Well, it still will, but not to the extent that it does in this household...I would
probably, you know, take out maybe one load of biscuits and put some carrots in. [ID103, same heart age as current
age]

Same heart age as current age

So if I move the cholesterol down to 4 and…that reduces me down to 48. So I think I better get myself cracking and...get
my cholesterol down... I think it means I’m probably tracking ok, I’d prefer if it was lower so then you know that my
cholesterol can get reduced. So I know how to do that it’s just that I haven’t done it...I like the idea of it being, I like
the idea of it being 48 better than 53. [ID71 , younger heart age]

Younger heart age than cur-
rent age

Discussion

Findings and Implications
Our findings suggest that online heart age calculators prompt
people to consider improving their lifestyle regardless of the
accuracy and perceived credibility of the results, or the result
they received. This is consistent with the findings of the “lung
age” study, where both positive and negative results prompted
smokers to consider quitting [18]. As found in previous studies
on diabetes and cancer risk calculators, participants often
disregarded unexpected or negative information [1,5], and
actively sought reasons to discredit the results. However,
participants in this study considered lifestyle change and felt
the calculators would be useful for other people, even when
they claimed to disbelieve the calculator result. The value of
such tools is therefore dependent on their goal—if it is to prompt
people to think about improving their lifestyle regardless of the
level of risk [4], they appear to be achieving this; if it is to
provide accurate information and understanding of risk, then
they could be improved [1]. However, thinking about lifestyle
changes does not necessarily translate into actual behavior
change. Previous research has found that personalized risk
calculators have limited impact on behavior [29], but they may
prompt people to seek further information and support as an
interim step before behavior change [30].

The ultimate goal of risk calculator websites will vary depending
on the motivation and target audience of the organization that
created it. Our findings show wide variation in the way that
people use and understand features of personalized risk
calculators, with implications for designers of such tools.
Patients in our study misinterpreted risk factor questions, entered
data inconsistently between different risk calculators, skipped
information that may have prevented these issues, and did not
use all features of the tools. Some of these issues may be
improved by simple design alterations, such as larger font, easier
navigation, and clearer instructions for how to use the risk factor

modification tools. Alternatively, simpler, less interactive
information formats may be more effective in terms of
information processing and understanding of risk [31,32].

This study is consistent with previous findings that heart age
elicits more emotional reactions and is more meaningful to
patients than percentages [16,19]. All participants demonstrated
good understanding of the effect of risk factors on heart age and
its link to lifestyle, but the percentage information was
interpreted in many different ways and often overlooked. This
supports the large body of research showing that percentages
are often misunderstood [10,11]. The downside of heart age
was that it was very confronting for participants to receive a
much older heart age than their current age and some explicitly
said they would prefer not to know.

The presentation of multiple formats was problematic because
low percentage risk and older heart age were perceived as
contradictory, suggesting that the focus should be on explaining
one or the other, not both. Although the New Zealand calculator
was developed with a step-wise structure that attempts to fully
explain how the results were calculated [33], the large amount
of information with multiple numbers was confusing for many
participants, and the simplified Unilever format was often
preferred even though corporate sponsorship reduced its
credibility. The graph used in the New Zealand calculator with
color-coded risk categories and projected risk over age (see
Figure 2) appeared to be useful additional information for many
but not all participants. Since preferences for and understanding
of different CVD risk formats were variable in our study,
quantitative research is needed to test the effect of presenting
heart age in different formats and identify the best way to present
such information to different groups of people. Future research
should include measurement of benefits like understanding and
motivation to improve lifestyle, but also the potential harms of
conveying such emotive information, including worry and
seeking unnecessary tests for low risk.
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Future research on online health risk calculators could also
investigate how to increase their reliability and credibility. One
option is to involve clinicians in explaining the results, which
could improve perceived credibility and the accuracy of the risk
factor data, and may prevent misunderstandings. However, since
health consumers use online risk calculators outside of clinical
consultations [1], it would be beneficial to improve the format
of online health information so that unexpected or absent
information is fully explained. This should include an
explanation of why different risk calculators may produce
different results, to increase awareness of accurate data entry
for risk factors, and understanding of the assumptions behind
the calculation [2]. Our findings suggest that people expect to
be asked about broader aspects of their lifestyle and history than
those included in the CVD risk models; consequently, the face
validity is reduced by exclusion of these questions. The link
between lifestyle advice and the risk factor questions also needs
to be clear to avoid a negative reaction to the calculator.
However, the aim of risk calculator tools will vary depending
on the goals of the organization that develops them and the
audience they are targeting, so our findings may have different
implications for different designers.

Strengths and Limitations
The strengths of this study include a novel topic and rigorous
qualitative methods, including purposive sampling to achieve
a heterogeneous patient sample, theme saturation, a trained

interviewer, use of both semi-structured interview and think
aloud data, and a framework analysis process that used multiple
analysts and an iterative process to arrive at final themes. The
external validity of the study is strengthened by the use of
existing online risk calculators, self-reported risk factors, and
widely used, validated Framingham risk equations. The
limitations include missing video data for some participants and
the possibility that the interview questions and presence of the
interviewer may have influenced reactions to the websites.
However, audio recordings were obtained for all participants,
most users of such websites would have a prior interest in CVD,
and the interviewer took care to avoid giving any interpretation
of the results or reactions to the websites. The results may not
reflect how consumers use risk calculators in a more realistic
setting, and as typical with qualitative research, the sample was
not designed to be representative of the general population but
rather present a range of perspectives.

Conclusions
Our findings demonstrate an interesting paradox: online heart
age calculators are easily misunderstood and the results may be
dismissed if the information is unexpected or negative, but the
process of using such calculators may motivate lifestyle change
regardless of the outcome. Future research should investigate
both the benefits and harms of communicating risk in this way
and how to increase the reliability and credibility of online
health risk calculators.
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Abstract

Background: There is growing interest in telehealth—the use of technology to support the remote delivery of health care and
promote self-management—as a potential alternative to face-to-face care for patients with chronic diseases. However, little is
known about what precipitates interest in the use of telehealth among these patients.

Objective: This survey forms part of a research program to develop and evaluate a telehealth intervention for patients with two
exemplar chronic diseases: depression and raised cardiovascular disease (CVD) risk. The survey was designed to explore the key
factors that influence interest in using telehealth in these patient groups.

Methods: Thirty-four general practices were recruited from two different regions within England. Practice records were searched
for patients with (1) depression (aged 18+ years) or (2) 10-year risk of CVD ≥20% and at least one modifiable risk factor (aged
40-74 years). Within each general practice, 54 patients in each chronic disease group were randomly selected to receive a postal
questionnaire. Questions assessed five key constructs: sociodemographics, health needs, difficulties accessing health care,
technology-related factors (availability, confidence using technology, perceived benefits and drawbacks of telehealth), and
satisfaction with prior use of telehealth. Respondents also rated their interest in using different technologies for telehealth (phone,
email and Internet, or social media). Relationships between the key constructs and interest in using the three mediums of telehealth
were examined using multivariable regression models.

Results: Of the 3329 patients who were sent a study questionnaire, 44.40% completed it (872/1740, 50.11% CVD risk; 606/1589,
38.14% depression). Overall, there was moderate interest in using phone-based (854/1423, 60.01%) and email/Internet-based
(816/1425, 57.26%) telehealth, but very little interest in social media (243/1430, 16.99%). After adjusting for health needs, access
difficulties, technology-related factors, and prior use of telehealth, interest in telehealth had largely no association with
sociodemographic variables. For both patient groups and for each of the three technology mediums, the most important constructs
related to interest in telehealth were having the confidence to use the associated technology, as well as perceiving greater advantages
and fewer disadvantages from using telehealth. To illustrate, greater confidence using phone technologies (b=.16, 95% CI
0.002-0.33), while also perceiving more benefits (b=.31, 95% CI 0.21-0.40) and fewer drawbacks (b=-.23, 95% CI -0.28 to -0.17)
to using telehealth were associated with more interest in using phone-based telehealth technologies for patients with depression.

Conclusions: There is widespread interest in using phone-based and email/Internet-based telehealth among patients with chronic
diseases, regardless of their health status, access difficulties, age, or many other sociodemographic factors. This interest could
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be increased by helping patients gain confidence using technologies and through highlighting benefits and addressing concerns
about telehealth. While the same pattern exists for social media telehealth, interest in using these technologies is minimal.

(J Med Internet Res 2014;16(5):e123)   doi:10.2196/jmir.3257

KEYWORDS

telehealth; Internet; technology; cardiovascular diseases; depression; mental health; chronic disease; survey methodology; patient
acceptance of health care

Introduction

Health care systems globally are likely to struggle to cope with
the ever-increasing number of people with chronic diseases,
and the United Kingdom is no exception [1,2]. For example,
nearly a third of the population has a chronic disease, and this
figure is projected to rise by 23% within 25 years [3].
Furthermore, health service use is high among this group of
patients. Patients with chronic diseases use a large portion of
general practitioner (52%) and outpatient (65%) appointments,
and an estimated 69% of the primary and acute care budget is
spent supporting patients with chronic diseases [3]. Therefore,
exploring alternative ways of delivering care, supporting
patients, and managing chronic diseases is needed, particularly
in light of the financial pressures currently facing health care
systems.

There is considerable international interest in telehealth as a
possible alternative to face-to-face care for people with chronic
diseases [2,4]. Similar to the World Health Organization [5],
we define telehealth as the use of technology to support the
remote delivery of health care and promote self-management.
Both cost-effectiveness and clinical effectiveness should be
demonstrated before telehealth becomes a mainstay in the health
care system. Although some pilot studies have suggested large
potential cost savings [6], a recent large randomized controlled
trial of telehealth and telecare suggested that it was unlikely to
be cost-effective [7]. The results from this Whole System
Demonstrator trial did, however, suggest reduced mortality and
emergency admission rates [8]. While this latter result is
promising, some reviews conclude that the evidence for the
clinical effectiveness of telehealth is, in fact, mixed [9]. It may
be that some forms of telehealth can lead to improvements in
patients with certain chronic diseases, such as cardiovascular
disease (CVD) [10] and depression [11], since there is evidence
for the effectiveness of some specific telehealth interventions
in these conditions. For example, blood pressure self-monitoring,
combined with self-titration of antihypertensive medication
resulted in significant reductions in systolic blood pressure
compared to usual care [12], while a therapist-delivered online
cognitive behavioral therapy program led to greater recovery
from depression than usual care [13].

Equity, as well as cost-effectiveness, is an important
consideration for health care systems. Telehealth has the
potential to improve care for patients with difficulty accessing
traditional services, such as those who are housebound or live
in rural areas [14]. These patients are also likely to be those
who have the greatest health needs [15]. Additionally, since
telehealth can enable a patient to monitor their own vital signs

at home (eg, blood pressure), it may be more convenient and
comfortable, enhance independence, and empower patients [16].

To realize the benefits of telehealth, patients must engage with
and make use of it [17]. Some previous studies have suggested
limited engagement with telehealth interventions in patients
with chronic diseases [18], and a refusal rate of up to 75% from
those invited to join telehealth trials [19]. If telehealth is to make
an important contribution to the health care system for managing
chronic diseases, it is imperative to identify, and then
appropriately target, the factors that influence interest in
telehealth, because people must be interested if they are going
to make use of it. A systematic review of 52 studies on patient
acceptance of computer-based health information technologies
concluded that the majority of literature to date has focused on
patient factors, such as sociodemographic variables [20]. For
example, some previous research has suggested that interest in
telehealth is highest in younger, educated, and affluent patients
[21,22], but these characteristics are inversely associated with
the prevalence of chronic diseases [3]. A recent review
commissioned by the National Health Service (NHS) in England
[22] identified five categories of barriers and facilitators to
telehealth services: user characteristics, technological aspects,
characteristics of services, social aspects of use, and telehealth
services in use. However, both this and the aforementioned
review [20] were not limited to patients with chronic diseases,
nor did they aim to quantitatively assess the relative importance
of factors influencing interest in telehealth. Nonetheless, in line
with some of the findings from these reviews, we reasoned that
both structural and evaluative factors would be key influences
of interest in telehealth; namely, whether these patients have
the technology readily available to use, their confidence in using
technology, and their attitude towards telehealth. Moreover, if
those with the greatest health needs and greatest difficulties in
accessing health care are indeed interested in using telehealth,
a large gap in unmet need could be filled.

We carried out a study to investigate the factors that influence
interest in telehealth among patients with chronic diseases. This
work was conducted as part of a larger research program
exploring the potential role of an existing health service in
England, NHS Direct, in providing support for chronic diseases
via the telephone and Internet. For this reason, we did not name
specific or existing telehealth services but asked a large number
of respondents about their interest in using several types of
technology that could be used for telehealth. The aim of the
current study was to determine whether interest in telehealth
among patients with chronic diseases is related to health needs,
difficulties in accessing health care, or technology-related
factors, including availability and attitudes to technology, while
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also considering the role of sociodemographic factors and taking
into account prior experience using NHS Direct.

Methods

Design
We used a cross-sectional postal survey for this study.

Choice of Chronic Diseases
This study focused on two exemplar chronic diseases. The first
was risk of a cardiovascular event (heart attack or stroke) ≥20%
over the next 10 years. This approach recognizes that
hypertension, obesity, and hyperlipidemia are risk factors for
CVD, rather than conditions, and it is more appropriate to
consider raised CVD risk as a chronic disease [23]. The second
exemplar chronic disease was depression. These two conditions
were chosen to represent different types of chronic diseases,
both of which are common, in which there is considerable unmet
need, and where there is some evidence that particular forms
of telehealth may be of clinical benefit [10-13].

Sampling and Recruitment
General practices in two geographical areas of the United
Kingdom, the south west and the north east, were invited to
take part in the study. General practices were intentionally
selected to represent a wide mix of socioeconomic
characteristics of patients. Between August 2010 and May 2011,
a query was run on practice records to identify patients with
either depression (aged ≥18 years, had consulted their doctor
about a mental health issue, and were prescribed an
antidepressant medication within the last year) or raised risk of
CVD (aged 40-74 years, QRISK2 [24] or Framingham [25]
10-year risk ≥20%, and at least one modifiable risk factor,
including hypertension, obesity, or smoking). We calculated
QRISK2 to assess CVD risk where possible, but since this score
was not available through all general practice computer systems,
we used Framingham risk scores in some practices. Patients
were excluded if they were terminally ill, had cognitive
impairment, or had a severe mental health condition, such as
psychosis.

Fifty-four patients per practice from each of the two groups of
eligible patients were selected using stratified random sampling.
We sampled females and males in proportion to the number of
eligible patients in each general practice. The CVD risk group
was further stratified by age, such that equal proportions of
young (aged 40-59 years) and older (60-74 years) participants
were selected. This was because CVD risk ≥20% is more
prevalent among older individuals, while access to technology
is inversely associated with age [21]. Prior to invitation, general
practitioners (GPs) reviewed the patient lists and excluded any
patients for whom it would be inappropriate to send a
questionnaire (eg, due to recent bereavement). The remaining
patients were then mailed a letter by their general practice
inviting them to take part in a study looking at new ways the
NHS could help people to improve their health, as well as a
participant information pamphlet and a questionnaire. Patients
were asked to return a blank questionnaire if they did not want
to take part. Those who did not respond were sent up to two
postal reminders at approximately 2-week intervals. All

correspondence was sent by staff at the patient’s general
practice, and the researchers did not have access to patient
identifiable data at any point. Ethical approval was granted by
the Southmead Research Ethics Committee.

Sample Size
Assuming an approximate 60% response rate, inviting 54
patients from each of 32 practices would provide around 960
respondents for each chronic disease group. This would provide
80% power to detect an absolute difference of ≤9.2% points in
interest in using telehealth (binary outcome, equivalent odds
ratio ≤1.45), with two-sided 5% alpha.

Measures
The questionnaire included questions about the key constructs
that we hypothesized would predict interest in telehealth;
namely, sociodemographics, health needs, difficulties accessing
health care, availability and attitudes to technology, and prior
use of telehealth. In order to ensure the coherence of the
questions included to assess these constructs and to reduce the
questionnaire items to a smaller number of factors for data
analysis, principal components analyses (PCA) with orthogonal
(varimax) rotation were carried out using STATA on constructed
items. Decisions regarding the number of factors to extract were
based on Kaiser’s criterion (eigenvalues >1.0), by examining
the scree plot and the subjective coherence of the factors. For
each factor, items with an association ≥.3 were retained [26].
Next, the reliability of each factor was examined with Cronbach
alpha, whereby coefficients above .70 indicate adequate
reliability. Finally, mean summary scores for each reliable factor
were calculated for individuals providing ratings for ≥50% of
the relevant items. We treated each factor as a scale and labeled
it according to the questions it comprised.

Outcome Variable
Interest in telehealth was assessed using questions about the
participant’s interest in using a range of technologies. The item
reduction techniques described above resulted in three summary
scores for interest in telehealth, which relate to interest in three
types of technology: Phone (alpha=.82; landline or mobile
phone), Email/Internet (alpha=.94; using email or doing searches
on the Internet), and Social Media (alpha=.85; using chat rooms
and social networking sites). These “interest” summary scores
were equal to the averaged sum of responses to three question
items each (range: 1-3), such that each corresponding summary
score ranged from 1.0 (“Not at all interested”/“I don’t know
what this is”) to 3.0 (“Very interested”), with scores of 2.0 equal
to “Fairly interested”.

Explanatory Variables
Questions about sociodemographic characteristics of the
respondents included sex, ethnicity [27], age group, employment
status [28], educational qualifications [29], and home ownership
[30]. These questions were based on those used in previous
validated surveys where possible.

Health needs were assessed using the Short-Form (SF-12v2)
Health Survey, version 2 [31]. Physical Component Summary
(PCS) and Mental Component Summary (MCS) scores were
derived from the 12 items using proprietary scoring software
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(QualityMetric, Incorporated). These indexes of physical and
mental health functioning are standardized with a mean of 50
and standard deviation of 10, such that lower scores indicate
poorer health or greater needs.

The remainder of the questionnaire contained items constructed
for the purposes of this research, although guided and informed
by relevant literature, and piloted with service users in advance.
These are described below, while the specific questions that
comprise each scale are located in Multimedia Appendix 1.

Difficulty accessing health care was assessed using a series of
questions that were based on themes identified through previous
research [32,33]. Two “access difficulty” summary scores
resulted: Service Delivery difficulties (7 items, alpha=.87)
included questions about the convenience of accessing health
care, as well as the nature or quality of the care itself (eg, getting
the right amount of care), and Physical Access difficulties (4
items, alpha=.78) included questions about trouble getting to
appointments due to physical, psychological, and transport
problems, including cost. These summary scores ranged between
1.0 (“No difficulty”) and 3.0 (“Lots of difficulty”).

Technology-related factors included questions about availability
of technologies and attitudes towards telehealth. Technology
availability was assessed by asking respondents which of a
range of technologies were easily available for them to use.
Phone Availability (2 items: landline, mobile) and Email/Internet
Availability (2 items: have email address, Internet access) scores
were formed by summing tallies (0=Absent, 1=Present) for
these technologies.

Questions about attitudes towards telehealth were based on the
theory of planned behavior [34]. This theory suggests that
perceived behavioral control—a concept capturing the extent
to which one believes one is able to perform a
behavior—directly influences one’s intention to carry out a
behavior and may predict behavior itself. Beliefs about one’s
capability, which should be reflected in confidence levels, affect
perceived behavioral control. Therefore, questions about
confidence using different types of technology were devised.
After item reduction, there were three clusters representing
confidence in using Phone-based technologies (3 items,
alpha=.74), Email/Internet-based technologies (3 items,
alpha=.96), and Social Media-based technologies (3 items,
alpha=.88). Again, larger scores indicate greater technology
confidence [range: 1.0 (“Not at all confident”/“I have never
tried this”/“I don’t know what this is”) to 3.0 (“Extremely
confident”)].

The theory of planned behavior also states that positive or
negative attitudes towards a behavior predict one’s intention to
perform that behavior and are influenced by beliefs about the
advantages and disadvantages of that behavior [34]. Hence,

items about the potential advantages and disadvantages of
telehealth were generated based on previous qualitative research
[35]. Summary scores for telehealth Advantages (7 items,
alpha=.87) and Disadvantages (7 items, alpha=.90) were
similarly formed (range: 1.0 (“Strongly disagree”) to 5.0
(“Strongly agree”); higher scores reflect greater perceived
advantages and disadvantages.

Finally, satisfaction with prior use of telehealth that was
delivered by NHS Direct was evaluated by a single item.
Respondents rated how satisfied they were with previous use
of NHS Direct services on a scale from 1 (“Not at all”) to 5
(“Extremely”). NHS Direct is a service freely available
throughout England that provides health assessments,
information, and advice. It currently provides telehealth via
telephone and its interactive website, but NHS Direct and other
similar services could act as a provider of a wider range of
telehealth services.

Statistical Analysis
The primary analysis investigated the extent to which interest
in the use of telehealth was related to five key constructs:
sociodemographic factors, health needs (including physical and
mental health), access difficulties (including service delivery
and physical access), technology-related factors (availability of
technology and attitudes towards telehealth), and satisfaction
with prior use of telehealth. We first used appropriate descriptive
statistics (mean and SD, or n and %) to summarize the
sociodemographic characteristics of respondents, and their
needs, access difficulties, technology factors, and interest in
using telehealth. This included an exploration of how needs,
access, and technology factors varied by age and chronic disease
group. We then used multivariable regression models to examine
associations between these variables and interest in telehealth,
adjusting for the other variables in the model, and taking into
account the stratified survey design.

Results

Response Rate
Thirty-four general practices took part in the survey. GPs
excluded 5.23% of the CVD risk group (96/1836) and 11.23%
of patients with depression (201/1790) prior to mailing
questionnaires. Of the 3329 patients who were sent a study
questionnaire, 1478 (44.40%) returned it. The response rate was
higher for patients with CVD risk (872/1740, 50.11%) than for
depression (606/1589, 38.14%). Separate logistic regression
analyses for the two patient groups revealed that response rates
for both CVD risk and depression were higher in older people,
whereas the likelihood of responding did not differ by
respondent sex or location (Table 1).
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Table 1. Demographic differences between responders and non-responders by patient group.

Patient group: depression (n=1497)Patient group: CVD risk (n=1635)Characteristics

No response
(n=914)

Responded
(n=583)

No response
(n=807)

Responded
(n=828)

n (%)n (%)OR (95% CI)n (%)n (%)OR (95% CI)

Age (years)

218 (23.9)64 (11.0)Referent−−−18-29

311 (34.0)166 (28.5)2.0 (1.4-2.8)39 (4.8)18 (2.2)Referenta30-44

232 (25.4)197 (33.8)3.5 (2.5-5.0)391 (48.5)290 (35.0)1.6 (0.6-3.9)45-59

90 (9.8)112 (19.2)4.4 (3.0-6.4)377 (46.7)514 (62.1)3.0 (1.2-7.2)60-74

63 (6.9)44 (7.5)2.8 (1.6-5.0)0 (0.0)6 (0.7)−75+

1.4 (0.9-1.9)1.3 (0.9-1.7)Sex b

295 (32.3)148 (25.4)621 (77.0)620 (74.9)Male

619 (67.7)435 (74.6)186 (23.0)208 (25.1)Female

1.0 (0.8-1.4)0.8 (0.6-1.0)Location c

472 (51.6)282 (48.4)386 (47.8)438 (52.9)Bristol

442 (48.4)301 (51.6)421 (52.2)390 (47.1)Sheffield

aReferent age group is 40-44 years.
bSex (0=Male, 1=Female).
cLocation (0=Bristol, 1=Sheffield).

Sample Characteristics
Patients with CVD risk (mean 61.9 years, SD 7.8) were older
than those with depression (mean 49.1 years, SD 15.9),
reflecting the inclusion criteria. Three-quarters of the CVD risk
group were male (654/872, 75.0%), while three-quarters of the
depression group were female (452/606, 74.6%). Both patient
groups were predominantly Caucasian (CVD 825/851, 96.9%;
depression 575/594, 96.8%), most were not currently employed
(unemployed, studying, retired, etc) (CVD 498/861, 57.8%;
depression 317/597, 53.1%), only a minority had higher
education (CVD 212/872, 24.3%; depression 222/606, 36.6%),
while the majority were home owners (CVD 647/859, 75.3%;
depression 410/595, 68.9%).

Overview of Health Needs, Access Difficulties, and
Technology-Related Factors
As expected, patients with CVD risk reported poorer physical
than mental health, whereas the reverse was true of patients
with depression (Table 2). While the reported physical health
of patients with CVD risk was half a standard deviation below
that of the national average (UK mean 50.9, SD 9.4), the
reported mental health of patients with depression was more
than 1.5 standard deviations below this average (UK mean 50.9,
SD 9.4) [36].

Few patients reported access difficulties, with all summary
scores approximating the “No difficulty” response category
(Table 2). Despite these low mean summary scores, an important
minority of participants indicated some difficulty in accessing
health care, and both patient groups were more likely to report
having service delivery than physical access difficulties. For
example, 27.86% (399/1432) of patients reported difficulties
getting care when they need it most (service delivery), while
14.23% (206/1448) reported difficulties traveling to
appointments due to physical health (physical access).

Technology availability was high across both patient groups
(Table 2). Phone technologies were more prevalent than
computer-based technologies and markedly so for the patients
with CVD risk. In fact, nearly all patients had access to phone
technologies. Across patient groups, age was associated only
with availability of the computer-based technologies: 90.0%
(115/128) of the two youngest age groups (18-44 years), 78.1%
(400/512) of those aged 45-59 years, and 60.5% (393/650) of
those aged 60-74 years reported that they have these
technologies readily available to use. It is among only the oldest,
and proportionally smallest, age group (n=49) that less than half
the respondents (13, 26.5%) report easy access to computer
technologies.
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Table 2. Health needs, access difficulties, technology-related factors, and satisfaction with prior telehealth use by patient group.

Patient group: depressionPatient group: CVD riskCharacteristics

Health needs, mean (SD), n

47.3 (13.8), 54745.3 (11.8), 777PCS

37.7 (12.9), 54749.8 (10.5), 777MCS

Access difficulties, mean (SD), n a

1.5 (0.5), 5951.3 (0.4), 848Service delivery difficulties

1.2 (0.4), 5941.1 (0.3), 854Physical access difficulties

Technology-related factors

99.3 (595/599)98.4 (855/869)Phone availability, % (n)b

80.3 (481/599)67.2 (584/869)Email/Internet availability, % (n)b

2.5 (0.6), 5962.5 (0.6), 861Phone confidence, mean (SD), nc

2.3 (0.8), 5952.0 (0.9), 851Email/Internet confidence, mean (SD), nc

1.6 (0.8), 5941.3 (0.6), 847Social media confidence, mean (SD), nc

3.7 (0.7), 5883.6 (0.8), 853Telehealth advantages, mean (SD), nd

3.3 (0.9), 5933.5 (0.9), 860Telehealth disadvantages, mean (SD), nd

Satisfaction with prior telehealth use, mean (SD), n e

3.4 (1.2), 3363.4 (1.2), 247NHS Direct satisfaction

aRange: 1.0-3.0, where higher scores indicate greater access difficulties. Service delivery difficulties included questions about the convenience of
accessing health care, as well as the nature or quality of the care itself, eg, getting the right amount of care. Physical access difficulties included questions
about trouble getting to appointments due to physical, psychological, and transport problems, including cost, as detailed in the Methods section.
bTechnology availability includes having one or more forms of relevant technology.
cRange: 1.0-3.0, where higher scores indicate greater technology confidence.
dRange: 1.0-5.0, where higher scores indicate greater perceived advantages and disadvantages of telehealth.
eRange: 1.0-5.0, where higher scores indicate greater satisfaction with past NHS Direct use.

Technology confidence ratings were similar between patient
groups, but they varied somewhat across the technology types
(Table 2) and age groups (Figure 1). In general, patients reported
greatest confidence using phone technologies, with mean
summary scores approaching the “Extremely confident”
response category, and least confidence using the social media
technologies, with mean summary scores close to “Not at all
confident”. Respondents were “Quite confident” with the
email-based and Internet-based technology category.

Figure 1 shows the proportion of depression respondents
reporting they were “Extremely confident” or “Quite confident”
using the various technologies across the different age groups.
The pattern of findings was similar among the CVD risk group
(data not shown). Least associated with age were the phone
technologies, which received high confidence ratings by all age
groups. The one exception was low confidence in text messaging
by the oldest age group. Although confidence using

email/Internet and social media technologies consistently
decreased with age, more than half of the respondents in all age
groups (except the over-75s) reported confidence using
email/Internet technologies. Conversely, confidence using social
media technologies was strongly related to age, with only the
younger age groups expressing confidence.

Summary scores indicate similar levels of perceived advantages
and disadvantages of using telehealth across patient groups
(Table 2). The most highly endorsed advantages were
convenience and ability of telehealth to be delivered when and
where one desires (Table 3). Dislike of non–face-to-face care
and concerns over security issues emerged as the top
disadvantages of telehealth (Table 3).

Of those respondents that had ever used NHS Direct (Table 2),
the majority were satisfied with that experience: 26.9%
(157/583) were “Moderately”, 33.1% (193/583) were “Quite a
bit”, and 18.9% (110/583) were “Extremely” satisfied.
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Table 3. Proportion of respondents agreeingawith each of the potential advantages and disadvantages of using telehealth by patient group.

Patient group: depression,
% (n)

Patient group: CVD risk,
% (n)

Advantages

87.4 (514/588)81.7 (696/852)I would like being able to choose to get support at times that are best for me.

85.7 (504/588)81.0 (689/851)I would find it reassuring to be able to get support when I feel that I need it most.

71.2 (418/587)67.7 (573/846)I would like being able to get support in my own home.

60.8 (360/592)54.9 (466/849)Getting support with my health by phone or computer would be valuable to me.

51.4 (299/582)50.7 (426/840)I could save money by not having to travel to appointments.

54.2 (318/587)48.8 (413/847)Getting support in this way would help me to feel more independent.

42.5 (247/581)41.9 (354/844)It would make me feel special to be getting ‘extra’ support when I feel that I need it most.

Disadvantages

60.2 (357/593)66.6 (571/858)I would dislike being unable to see the person face-to-face.

60.3 (357/592)63.3 (544/860)I would be concerned about the security of the information that I give.

54.9 (325/592)61.9 (532/859)I would not want to discuss sensitive issues over the phone or using a computer

45.8 (271/592)53.7 (462/860)I would dislike speaking to someone other than a doctor about my health.

42.2 (247/586)52.3 (447/854)I would worry about relying too much on the technology.

37.8 (222/588)45.4 (387/852)I would worry about the possibility of the equipment not working.

26.0 (153/588)33.2 (284/855)Getting support in this way would make me feel anxious about my health.

aA response of either “Strongly agree” or “Agree” on a 5-point scale was considered agreement.

Figure 1. Proportion of depression respondents within each age group reporting confidence using individual technologies.

Overview of Interest in Using Telehealth
Regardless of patient group, there was moderate interest in
phone (CVD risk mean 1.7, SD 0.6; depression mean 1.9, SD
0.7) and email/Internet technologies (CVD risk mean 1.7, SD
0.7; depression mean 1.9, SD 0.7). These mean summary scores
approximate the “Fairly interested” response category. In
contrast, there was very little interest in the social media

technologies (CVD risk mean 1.2, SD 0.4; depression mean
1.3, SD 0.5).

Figure 2 shows which individual technologies respondents were
more or less interested in using, with ratings of interest
dichotomized into some versus no interest for ease of
interpretation. This shows that patients with depression were
more interested than those with CVD risk in nearly every form
of technology for telehealth. There was a clear preference for
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the landline telephone (1072/1428, 75.07% overall), followed
by finding information on the Internet (876/1427, 61.39%
overall). Again, there was hardly any interest in the social media
technologies. Averaging across the technology types and both

patient groups (CVD risk and depression), there was moderate
interest in using phone-based (854/1423, 60.01%) and
email/Internet-based (816/1425, 57.26%) telehealth, but very
little interest in social media (243/1430, 16.99%).

Figure 2. Proportion of respondents interested in individual telehealth technologies by patient group.

What Factors are Associated With Interest in
Telehealth?
To address the main research question, sociodemographics,
health needs, access difficulties, technology-related factors, and
satisfaction with prior telehealth use were simultaneously
regressed on interest for each of the three telehealth
mediums—phone-based, email/Internet-based, and social
media–based telehealth—separately for each patient group
(CVD risk and depression). From these multivariable linear
regression analyses, three variables were reliably related to
interest in telehealth: greater technology confidence, and
perceiving both greater advantages and fewer disadvantages of
telehealth were associated with more interest in using telehealth.
Moreover, these factors were consistently related to interest in
each of the three telehealth mediums for both patient groups
(Tables 4-6). Importantly, however, the technology confidence
finding is modality-specific. This means that greater phone
confidence is associated with greater phone-based telehealth
interest, greater email/Internet confidence is associated with
greater email/Internet-based telehealth interest, while greater
confidence using social media technologies is associated with
greater interest in social media–based telehealth. Therefore,

while confidence using a particular type of technology
discriminated between interest in different modes of telehealth,
perceiving greater benefits of and fewer drawbacks to using
telehealth was uniformly related to greater interest.

Three other consistent findings emerged. First, for patients with
depression but not those with CVD risk, greater difficulties with
getting convenient, high-quality care (service delivery aspects
of access) were related to more interest in phone-based and
email/Internet-based telehealth technologies. Second, as
anticipated, greater satisfaction with previous use of NHS Direct
was associated with heightened interest in future use of
phone-based telehealth, and this was consistent across both
patient groups. Third, there was more interest in
email/Internet-based and social media–based telehealth among
those with CVD risk who were not home owners. Apart from
these findings, the remaining variables in the model were
unimportant to telehealth interest. After adjusting for the other
variables in the model, health needs, access difficulties,
technology availability, and even sociodemographic factors did
not reliably and consistently have an independent effect on
interest in telehealth, either across patient groups or across more
than one telehealth type within a patient group.
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Table 4. Multivariable analysis of factors associated with interest in phone-based telehealtha.

Patient group: depression (n=489)Patient group: CVD risk (n=676)Characteristics

Pb (95% CI)Pb (95% CI)

Sociodemographic factors

Age group (years)

Referent−−18-29

-.054 (-0.187 to 0.079)Referent (40-44 years)30-44

-.016 (-0.201 to 0.168)-.101 (-0.379 to 0.178)45-59

-.028 (-0.178 to 0.122)-.122 (-0.421 to 0.176)60-74

.79b.087 (-0.303 to 0.476).35b.301 (-0.484 to 1.086)75+

.09-.104 (-0.226 to 0.018).72-.018 (-0.122 to 0.086)Sexc

.18.161 (-0.076 to 0.398).63-.061 (-0.312 to 0.191)Ethnicityd

.35.049 (-0.056 to 0.155).02.108 (0.015 to 0.201)Employede

.01-.157 (-0.272 to -0.042).83-.009 (-0.092 to 0.074)Higher educationf

.003-.173 (-0.281 to -0.065).14-.088 (-0.206 to 0.030)Home ownerg

.14-.072 (-0.170 to 0.026).75-.017 (-0.123 to 0.090)Locationh

Health needs

.02.005 (0.001 to 0.009).67.001 (-0.003 to 0.005)PCS

.02.004 (0.001 to 0.008).21-.002 (-0.006 to 0.001)MCS

Access difficulties i

.004.205 (0.069 to 0.340).19-.093 (-0.232 to 0.046)Service delivery

.53-.066 (-0.280 to 0.148).06.185 (-0.010 to 0.379)Physical access

Technology-related factors

.03.203 (0.025 to 0.382).15.107 (-0.039 to 0.254)Phone availabilityj

.05-.089 (-0.178 to 0.0003).82-.012 (-0.118 to 0.095)Email/Internet availabilityj

.048.164 (0.002 to 0.326)<.001.254 (0.151 to 0.358)Phone confidencei

.82-.011 (-0.111 to 0.088).22-.075 (-0.197 to 0.046)Email/Internet confidencei

.56-.025 (-0.110 to 0.060).12.065 (-0.018 to 0.147)Social media confidencei

<.001.308 (0.213 to 0.404)<.001.296 (0.240 to 0.352)Telehealth advantagesi

<.001-.226 (-0.282 to -0.170)<.001-.201 (-0.261 to -0.140)Telehealth disadvantagesi

Past telehealth satisfaction i

.045.046 (0.001 to 0.090).01.088 (0.025 to 0.151)NHS Direct

aThe associations have been adjusted by all other variables in this fully adjusted model, and the stratified survey design has been taken into account in
the analysis. Interest in phone-based telehealth scores range from 1.0-3.0, with higher scores indicating more interest.
bIndicates P value from Wald test.
cSex (0=Male, 1=Female).
dEthnicity (0=Non-Caucasian, 1=Caucasian).
eEmployed (0=Not employed, 1=Employed).
fHigher Education (0=No higher education, 1=Some higher education).
gHome Owner (0=Non-home owner, 1=Home owner).
hLocation (0=Bristol, 1=Sheffield).
iHigher scores indicate greater access difficulties, technology confidence, advantages, disadvantages, and satisfaction.
jTechnology Availability (0=Not available, 1=One form available, 2=Both available).
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Table 5. Multivariable analysis of factors associated with interest in email/Internet-based telehealtha.

Patient group: depression (n=488)Patient group: CVD risk (n=681)Characteristics

Pb (95% CI)Pb (95% CI)

Sociodemographic factors

Age group (years)

Referent−−18-29

-.041 (-0.278 to 0.197)Referent (40-44 years)30-44

.006 (-0.198 to 0.209)-.184 (-0.373 to 0.005)45-59

.045 (-0.160 to 0.250)-.132 (-0.346 to 0.082)60-74

.89b.032 (-0.299 to 0.364).01b.371 (-0.120 to 0.863)75+

.90.008 (-0.114 to 0.130).42-.035 (-0.122 to 0.052)Sexc

.64-.042 (-0.221 to 0.138).48.071 (-0.133 to 0.276)Ethnicityd

.32-.048 (-0.146 to 0.049).08.086 (-0.010 to 0.182)Employede

.52-.037 (-0.155 to 0.080).31.070 (-0.068 to 0.207)Higher educationf

.24-.059 (-0.158 to 0.040).02-.148 (-0.266 to -0.031)Home ownerg

.02-.090 (-0.164 to -0.016).97-.002 (-0.096 to 0.092)Locationh

Health needs

.16.003 (-0.001 to 0.008).44-.002 (-0.007 to 0.003)PCS

.07-.005 (-0.010 to 0.0004).08-.006 (-0.013 to 0.001)MCS

Access difficulties i

.04.087 (0.005 to 0.168).81-.013 (-0.124 to 0.098)Service delivery

.03-.127 (-0.240 to -0.013).90.017 (-0.249 to 0.284)Physical access

Technology-related factors

.32.093 (-0.095 to 0.282).08-.099 (-0.211 to 0.012)Phone availabilityj

.08.101 (-0.013 to 0.215)<.001.158 (0.091 to 0.225)Email/Internet availabilityj

.02-.199 (-0.367 to -0.032).68-.021 (-0.121 to 0.079)Phone confidencei

<.001.403 (0.295 to 0.512)<.001.304 (0.219 to 0.389)Email/Internet confidencei

.95.003 (-0.075 to 0.080).98-.002 (-0.157 to 0.154)Social media confidencei

<.001.237 (0.150 to 0.324)<.001.226 (0.165 to 0.286)Telehealth advantagesi

<.001-.211 (-0.287 to -0.134)<.001-.244 (-0.310 to -0.179)Telehealth disadvantagesi

Past telehealth satisfaction i

.28.040 (-0.034 to 0.115).38.029 (-0.036 to 0.094)NHS Direct

aThe associations have been adjusted by all other variables in this fully adjusted model, and the stratified survey design has been taken into account in
the analysis. Interest in email/Internet-based telehealth scores range from 1.0-3.0, with higher scores indicating more interest.
bIndicates P value from Wald test.
cSex (0=Male, 1=Female).
dEthnicity (0=Non-Caucasian, 1=Caucasian).
eEmployed (0=Not employed, 1=Employed).
fHigher Education (0=No higher education, 1=Some higher education).
gHome Owner (0=Non-home owner, 1=Home owner).
hLocation (0=Bristol, 1=Sheffield).
iHigher scores indicate greater access difficulties, technology confidence, advantages, disadvantages, and satisfaction.
jTechnology Availability (0=Not available, 1=One form available, 2=Both available).
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Table 6. Multivariable analysis of factors associated with interest in social media–based telehealtha.

Patient group: depression (n=489)Patient group: CVD risk (n=680)Characteristics

Pb (95% CI)Pb (95% CI)

Sociodemographic factors

Age group (years)

Referent−−18-29

.146 (-0.087 to 0.379)Referent (40-44 years)30-44

.187 (-0.036 to 0.411)-.092 (-0.301 to 0.117)45-59

.174 (-0.033 to 0.382)-.030 (-0.246 to 0.186)60-74

.31b.061 (-0.163 to 0.285).25b.047 (-0.286 to 0.380)75+

.52.029 (-0.061 to 0.118).36-.025 (-0.080 to 0.030)Sexc

.77.036 (-0.208 to 0.279).66-.046 (-0.255 to 0.164)Ethnicityd

.90-.007 (-0.114 to 0.100).26.040 (-0.031 to 0.110)Employede

.55-.033 (-0.147 to 0.080).63.018 (-0.057 to 0.093)Higher eEducationf

.15-.097 (-0.232 to 0.038).01-.118 (-0.198 to -0.038)Home ownerg

.91-.005 (-0.082 to 0.073).53-.015 (-0.061 to 0.032)Locationh

Health needs

.67-.001 (-0.006 to 0.004).28-.001 (-0.004 to 0.001)PCS

.63-.001 (-0.007 to 0.004).44-.002 (-0.007 to 0.003)MCS

Access difficulties i

.64.029 (-0.098 to 0.156).06-.079 (-0.161 to 0.002)Service delivery

.28-.070 (-0.200 to 0.060).70.029 (-0.118 to 0.176)Physical access

Technology-related factors

.37.077 (-0.096 to 0.250).14-.109 (-0.256 to 0.039)Phone availabilityj

.76.013 (-0.073 to 0.099).48.016 (-0.029 to 0.062)Email/Internet availabilityj

.36-.068 (-0.218 to 0.082).78.012 (-0.071 to 0.095)Phone confidencei

.33-.038 (-0.118 to 0.041).98.001 (-0.056 to 0.057)Email/Internet confidencei

<.001.361 (0.282 to 0.441)<.001.243 (0.132 to 0.355)Social media confidencei

<.001.176 (0.106 to 0.245).001.096 (0.045 to 0.146)Telehealth advantagesi

.001-.123 (-0.191 to -0.054).01-.072 (-0.128 to -0.016)Telehealth disadvantagesi

Past telehealth satisfaction i

.80-.006 (-0.051 to 0.040).10.033 (-0.006 to 0.072)NHS Direct

aThe associations have been adjusted by all other variables in this fully adjusted model, and the stratified survey design has been taken into account in
the analysis. Interest in social media–based telehealth scores range from 1.0-3.0, with higher scores indicating more interest.
bIndicates P value from Wald test.
cSex (0=Male, 1=Female).
dEthnicity (0=Non-Caucasian, 1=Caucasian).
eEmployed (0=Not employed, 1=Employed).
fHigher Education (0=No higher education, 1=Some higher education).
gHome Owner (0=Non-home owner, 1=Home owner).
hLocation (0=Bristol, 1=Sheffield).
iHigher scores indicate greater access difficulties, technology confidence, advantages, disadvantages, and satisfaction.
jTechnology Availability (0=Not available, 1=One form available, 2=Both available).
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Discussion

Principal Findings
Patients with two very different chronic diseases are interested
in using phone-based and email or Internet-based telehealth,
but not in telehealth via social media websites. Interest in all
three forms of telehealth appears to stem from the perceived
advantages and disadvantages of telehealth, as well as
confidence using the relevant technology. This is significant
because beliefs and levels of confidence are far more malleable
than most of the other constructs included in this study, such
as technology availability or socioeconomic status. It is also
noteworthy that these other constructs were not consistently
and independently associated with interest in telehealth. First,
interest in telehealth was not reliably related to health needs.
This suggests that willingness to use telehealth spans across
those with good and poor health. Furthermore, it is not only
those who have difficulty accessing traditional health care who
are motivated to use telehealth—those with and without access
difficulties were interested. Sociodemographic factors were
generally not, in themselves, systematically related to telehealth
interest. Therefore, older people are just as interested as their
younger counterparts, after adjusting for other factors, such as
confidence in using the technology. While availability of
technology was quite high, this factor did not consistently relate
to interest in telehealth either. The ramifications of these
findings are important for policy makers, researchers, health
professionals, and patients alike.

Strengths and Limitations
The main strength of this research is that it is a broad exploration
of patient interest in several general forms of telehealth. The
findings, therefore, are not limited to a specific intervention but
highlight some of the key elements we must pay particular
attention to when designing and implementing future telehealth
initiatives. This is also the only study, to our knowledge, that
has gathered ratings about interest in using a variety of forms
of telehealth from patients that are the most likely recipients of
this type of care in the future—those with chronic diseases. If
telehealth is going to have an important role in effectively
supporting patients with chronic diseases, then knowing what
interests patients in taking up different forms of telehealth is an
important first step.

The primary limitation of this study is the response rate of
44.4%, although it compares favorably with other community
surveys [37]. It is possible that those who did not respond had
different characteristics from those who chose to respond, which
could have implications for the findings. With respect to
telehealth, non-response bias by age is important given the
widely held perception that older people do not like or use
technology much. In this survey, responders were actually older
than non-responders, and yet a fair amount of interest in
telehealth was reported. There was also considerable variation
in patient health and sociodemographics, as well as the other
key variables of interest. These findings, nevertheless, may not
be generalizable to other chronic disease patient groups. A
second limitation is that the telehealth interest ratings are based
on questions about hypothetical and general technologies, rather

than existing or specifically named telehealth services. While
this approach was directly in line with the purpose of the
research—to inquire about future interest in services that could
be delivered by existing health care providers—it is difficult to
know what types of applications respondents were thinking
about when they gauged their interest in telehealth delivered
via social networking websites, for instance. Moreover, it is
likely that there is relationship between how frequently
technology is used and technology confidence [38,39], and this
relationship should be controlled for in future research. Finally,
the large number of variables analyzed raises the possibility of
type 1 error due to multiple comparisons. Therefore, we have
conservatively drawn attention only to findings that were
consistent across several analyses.

Conclusions
We examined whether those with greater health needs or greater
difficulties accessing traditional health care were more interested
in using telehealth but found only weak evidence for this in
patients with depression. Our results revealed an association
between greater service delivery access difficulties (getting the
right amount of care, from the right health professional, at the
right time) and heightened interest in both phone-based and
email/Internet-based telehealth among patients with depression.
This finding aligns well with one aim of telehealth treatments
for depression; namely, overcoming barriers to care. Given the
results of systematic reviews that showed that
telephone-administered psychotherapy [40] attrition rates are
far lower than those of face-to-face care [41], this level of
engagement may suggest that telehealth meets this aim to some
extent. It is important to note, however, that respondents in our
survey reported very few difficulties with health care access
and did not report especially great health needs, except for the
mental health needs of those with depression. Overall, this
restriction in range may have made it difficult to detect an effect
of need or a more widespread effect of access difficulties on
telehealth interest.

Sociodemographic factors were found to be relatively
unimportant after adjusting for attitudes towards telehealth and
availability of technology, which suggests that telehealth appeals
to a broader demographic than young, educated, and affluent
patients. While this runs contrary to some previous literature
[21,22], it might be explained by the fact that more proximal
variables, like technology confidence and beliefs about
telehealth, had not been included in previous research. Indeed,
when similar behavioral or motivational factors are assessed,
other research is consistent with our findings in demonstrating
the integral role [42], or even superiority [39], of these
constructs over demographic variables, albeit in terms of using
the Internet alone. Furthermore, a systematic review concluded
that focusing on patient factors alone, as the majority of research
in this area has done, is probably not comprehensive enough to
understand patient interest in using telehealth [20]. We agree
with this review that future research must cut across a broader
spectrum of factors, especially those at the level of
human-technology interaction, the health care system, and other
social or normative influences.
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Technology confidence is an example of a human-technology
interaction variable, and a key finding of this and other research
[20] is that confidence is consistently associated with interest
in using telehealth. While we asked respondents about
technology confidence, it is interesting to note that other studies
have used negative framing and asked about technology anxiety
[38,43] or difficulty using the Internet [39]. Nonetheless, these
studies also showed the equivalent association between lower
technology anxiety and heightened interest in using telehealth.

There are several interesting implications of the finding that
telehealth interest is most strongly associated with technology
confidence and perceived advantages and disadvantages of
telehealth. First, it suggests that telehealth interest is likely to
increase over time as the population as a whole becomes more
familiar with and comfortable using different forms of
technology. This may be particularly true of social media-based
telehealth [44], the newest type of technology included in the
survey, and also the technology that respondents reported least
confidence and interest in using. Following from this, since our
results revealed that technology confidence was
modality-specific, whereby confidence using one type of
technology was related only to interest in using that same form
of telehealth, this suggests that willingness to use telehealth is
not restricted to patients who are confident using technology in
general. Third, if patients were provided with adequate training

and support in using telehealth equipment, they might be more
interested in using telehealth. Finally, as some of telehealth’s
advantages are realized and other disadvantages are dispelled
through telehealth use, the strength of this effect may increase.
There is good reason to expect such positive experiences of
telehealth, since the majority of telehealth research that asks
about patient satisfaction does report fairly high levels of
satisfaction [45]. Our study is no exception; high levels of
satisfaction with past NHS Direct use—a form of
telehealth—were reported. Positive experiences with telehealth
may stimulate interest in using additional forms of telehealth,
in an upward spiraling effect.

This research suggests that many people with chronic diseases
are interested in using telehealth, regardless of their health status
and age, and they have the technology available to them. This
interest can be increased by helping people gain confidence in
using technologies, highlighting the perceived advantages of
telehealth, and dispelling or addressing concerns about perceived
disadvantages. Based on our findings, future telehealth
interventions would be best received by patients if delivered
via phone or over email and static forms of Internet, rather than
social media. This is because the results show that these forms
of technology are readily available, patients are confident using
them, and patients are most interested in telehealth delivered
via these means.
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Abstract

Background: There are many challenges in recruiting and engaging participants when conducting research, especially with
HIV-positive individuals. Some of these challenges include geographical barriers, insufficient time and financial resources, and
perceived HIV-related stigma.

Objective: This paper describes the methodology of a recruitment approach that capitalized on existing online social media
venues and other Internet resources in an attempt to overcome some of these barriers to research recruitment and retention.

Methods: From May through August 2013, a campaign approach using a combination of online social media, non-financial
incentives, and Web-based survey software was implemented to advertise, recruit, and retain participants, and collect data for a
survey study with a limited budget.

Results: Approximately US $5,000 was spent with a research staff designated at 20% of full-time effort, yielding 2034 survey
clicks, 1404 of which met the inclusion criteria and initiated the survey, for an average cost of US $3.56 per survey initiation. A
total of 1221 individuals completed the survey, yielding 86.97% retention.

Conclusions: These data indicate that online recruitment is a feasible and efficient tool that can be further enhanced by
sophisticated online data collection software and the addition of non-financial incentives.

(J Med Internet Res 2014;16(5):e117)   doi:10.2196/jmir.3229

KEYWORDS

HIV; AIDS; online social media; Facebook; Twitter; recruitment; Internet research; survey retention; online data collection
software; non-financial incentives

Introduction

Recruiting and retaining HIV-positive research participants is
a crucial yet challenging endeavor [1-4]. Numerous studies
indicate several unique challenges that prevent HIV-positive
individuals from participating in research, such as
self-presentation bias [5], access to adequate transportation [6],
low socioeconomic status [7], and mistrust of research [5].
Although offering financial incentives can mitigate some of
these factors, it can also incentivize fraudulent responses and

repeat participation [8], which may diminish scientific validity.
Moreover, HIV-positive individuals experience high levels of
perceived stigma [5,9,10], elevated rates of depression
[5,7,11,12], and increased risk of substance use. When
combined, these issues create a formidable barrier to
participation in research designed to examine these issues and
decrease the generalizability of study findings.

In addition to these HIV-specific challenges, there are major
impediments and compromises associated with research in
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general [13,14]. These include geographical and time
constraints, labor to recruit and retain participants, limited
financial resources, and logistical difficulties associated with
survey administration or intervention conduction [14]. Failure
to recruit and retain a sufficient number of eligible participants
can be costly [15], threatens internal and external validity of
the study [16], and, most importantly, deprives the scientific
community of knowledge and potentially useful interventions
[15,17].

Due to the near ubiquity of the Internet [18], it has become
easier for people to engage in online surveys and research from
the comfort and privacy of their own homes [19]. Specifically,
online social media has been highly successful in capturing
audiences [20]. Chief among these is Facebook, the second most
popular website in the world [21]. With 198 million monthly
active users and 93% of adult Internet users having a Facebook
account, the average user spends approximately 1 out of every
8 minutes online or more than 11 hours per month on Facebook
[22]. Twitter is another popular online social media platform,
with over 49 million monthly active users [20]. These venues
have already been used to successfully recruit research
participants from various groups, such as mothers of advanced
maternal age [23], individuals with Klinefelter’s syndrome [24],
those with active depression [25,26], and smokers [27,28].

Therefore, if perceived stigma, cost of transportation, and
physical distance are potential deterrents for HIV-positive
individuals to participate in research, and time, geographical,
and resource constraints are among the general difficulties of
research, then Internet-based resources may be a logical solution
to overcome many of these barriers. Thus far, the literature has
indicated that online social media is ripe for researchers to use
as a tool for recruitment [29,30]. By accessing online venues
where potentially qualified participants are already spending
time, it is possible to bridge the psychosocial and physical
divides between research participants and researchers to achieve
a successful outcome. Therefore, to capitalize on these existing
resources, we used a novel combination of online social media
along with non-financial incentives and contemporary data
collection software for participant recruitment, retention, and
data collection.

Methods

Study Design and Data Collection
We conducted a cross-sectional survey using online social media
to recruit HIV-positive individuals. The purpose of the parent
study was to examine the barriers to and facilitators of adherence
to antiretroviral therapy and to describe the use of mobile
telephones and other technologies to improve adherence among
HIV-positive individuals living in the United States. Here, we
describe the methods used for participant recruitment using
online social media.

We implemented a campaign approach where participants were
recruited through online social media such as Facebook, Twitter,
and other social media platforms, such as LinkedIn, Craigslist,
and Tumblr, from May 7 to August 31, 2013. The online survey
was programmed using Qualtrics Research Suite (Qualtrics,

Provo, UT), an online survey tool that allows researchers to
build, distribute, and analyze online surveys in real time. The
survey contained 112 items on demographics, HIV clinical
outcomes, and use of technology. The University of California,
San Francisco (UCSF) Committee on Human Research approved
this study in April 2013.

Participant Recruitment
A schedule was devised by the research assistant to regularly
update and maintain these social media sites for a total of 8
hours per week (20% of full-time effort).

Facebook

Overview

We used 4 methods to recruit participants on Facebook: paid
advertisements (ads), fan page, personal messages, and postings
in groups.

Facebook Ads

A Facebook ad was created that ran separately and concurrently
with the rest of the research recruitment campaign to further
broaden exposure to the target population. With the assistance
of a Facebook representative, a daily average budget of US $40
and a total budget of US $5,000 were established to cover the
4-month recruitment period. The average maximum bid per cost
per click (CPC) was set at US $3.50, which was above the
Facebook suggested bid range of US $0.52-$1.09, to outcompete
other advertisements targeting the same groups. These
advertisements were targeted at users with self-reported interests
or “liked” topics in any of the following categories: HIV/AIDS;
lesbian, gay, bisexual, transgender, queer, questioning, intersex,
and asexual (LGBTQQIA); men who have sex with men
(MSM); HIV co-morbidities such as tuberculosis and Hepatitis
C; and unprotected sex.

A wide variety of advertisement pictures were chosen to cater
to the target demographic. Pictures of inanimate or abstract
objects, such as the AIDS red ribbon, were used as well as
pictures of people representing various age ranges, genders, and
sexual identities. Since banner advertisements targeting MSM
of color have been shown to increase the click-through rate [31],
we altered the racial/ethnic composition of the images. All of
these advertisements used the banner title “Living with HIV?”,
accompanied by a brief survey description (Multimedia
Appendix 1). We obtained the rights to use stock photographs
from various Internet sites.

We initiated the Facebook ad campaign with 3 advertisements
but increased the number of advertisements to 5 in order to cater
2 advertisements specifically toward women and youth (18-29
years old). This decision was in response to the Facebook Ad
Reports, which showed low levels of participation by women
and youth. We varied ad pictures on a bi-weekly basis based
on the number of Facebook ad clicks.

Facebook Fan Page

A Facebook fan page was created with the intention of recruiting
participants and raising general awareness of the study. This
was achieved by generating interesting and relevant posts for
people living with HIV, which included news articles, study
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announcements, survey dissemination requests, pictures, videos,
and HIV-related resources. Posted news articles related to HIV,
medication adherence, and the use of technology as it pertained
to HIV and medication adherence. On average, the research
assistant updated the fan page every 3 to 4 days and posted
about 2 new posts per day. A fan page description under the
“About” section of the Facebook page was created to inform
potential participants of the study and provide a link to the
survey. A brief description of the study investigators and the
organization was also included to build rapport and credibility
with the audience. The research assistant interacted with other
Facebook fan pages with similar purpose or interest by “liking”
these organizations’ pages, which were found using keyword
searches for HIV, AIDS, MSM, and health care.

Facebook Messages

The research assistant sent personalized Facebook messages on
behalf of the study to community leaders, major HIV/AIDS
organizations, and other related organizations, especially in
states with low survey response rates. Survey response rates
were estimated by examining Facebook Ad Reports. These
messages contained information about the study, a link to the
survey, and a request to repost the study link on the individual
or organization’s corresponding Facebook page.

Facebook Groups

The research assistant also joined HIV-related Facebook groups
to advertise for recruitment. These groups maintain Facebook
pages based on real-life interests to facilitate discussions of
relevant topics. Once requests to join these groups were granted,
posts were made in the common thread requesting that interested
participants click on the survey link.

Twitter
A Twitter account was created for the purpose of recruiting
participants for the study and to continue building an online
network to advertise for the survey. Through the study’s Twitter
account (ie, “feed”), the research assistant followed any
organization affiliated with topics such as HIV, AIDS, MSM,
or global health care. Individuals were also followed if they
were candid about their HIV seropositive status or being MSM,
an HIV advocate, or a health educator.

Tweets were sent directly to both individuals and organizations
as a request to re-tweet the survey link. Hashtags (#) related to
the Twitter account were used to keep track of the number of
times each message was tweeted and a shorter version of the
study’s URL (ie, “tiny URL”) was generated to fit within the
140-character limit of tweets. The research assistant tweeted
relevant content related to HIV/AIDS or interacted with other
Twitter feeds by re-tweeting interesting and applicable topics
on a weekly basis.

Other Social Media Platforms

LinkedIn

LinkedIn groups that included content related to HIV were
specifically chosen to advertise to potential study participants.
Postings regarding the study were made in groups that were
created for people living with HIV, HIV advocates, community
workers, and other researchers. Additionally, a request was

made with each posting for group members to share the survey
link with other potentially interested groups or individuals.

Craigslist

On a weekly basis, the research assistant posted advertisements
containing the survey link and basic information about the study
on nationwide Craigslist groups pertaining to MSM and health.
Elements from the Touro 12-Step Process [32] were utilized,
including guidelines on creating a thread title, generating an
active and ongoing discussion, and being courteous.

Tumblr

A Tumblr blog was created and maintained with regular updates
that mirrored the Facebook posts. Other blogs with content
related to HIV were “liked” in order to build an audience and
stimulate recruitment.

Subjects and Research Engagement
Individuals who clicked on the study Web link were directed
to the Qualtrics survey where they were required to consent
online before being screened for eligibility. The survey was
used to screen individuals based on the following inclusion
criteria: age 18 years or older, HIV-positive serostatus, and
currently living in the United States. We excluded individuals
who had already taken the survey by limiting the number of
survey attempts to 1 per Internet Protocol (IP) address and by
asking participants if they had already taken the survey.
Qualtrics was programmed to end the survey if the participant
did not qualify. We ensured anonymity by not collecting any
identifiers or personal health information and storing responses
on encrypted and password-protected servers at UCSF.

Given the anonymous nature of the Web-based survey and lack
of identifiers to verify repeat and fraudulent responses, monetary
incentives were not offered in order to de-incentivize multiple
survey attempts. However, in order to keep participants engaged,
we motivated participants by inserting 5 medically interesting
facts strategically throughout the survey titled “Fun Facts”,
which were accompanied by visually stimulating and relevant
pictures. Examples of these fun facts include: “Did you know
that we exercise at least 30 muscles when we smile?” and “Did
you know that your brain uses as much power as a 10-watt light
bulb?” Additionally, to spark interest, we asked participants
before beginning the survey if they knew of a natural substance
that can be potentially effective against HIV. Upon completion
of the survey, we embedded a link to a video about how bee
venom is being studied by the Washington University School
of Medicine as a potential drug to treat HIV [33].

We consulted the UCSF Center for AIDS Prevention Studies
(CAPS) Community Advisory Board (CAB), which is comprised
of stakeholders from Bay Area agencies and communities with
the mission of channeling community input into the CAPS
research agenda, providing advice on study methods, and
improving recruitment methods. Based on the recommendations
of the CAPS CAB, we modified the Facebook ad pictures to
exclusively use photographs of people, the Facebook ad text to
be more direct and motivating, and incorporated Tumblr as an
additional online social networking venue for recruitment.
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Analysis
Three variables were created to estimate the relative value of
each of the 3 main methods of recruitment: (1) “Facebook Page
Interactions” to estimate user activity on the Facebook fan page,
(2) “Twitter Interactions” to evaluate the overall activity on the
Twitter feed, and (3) “Facebook Ad Clicks” to assess the overall
success of the Facebook ad. The number of likes, comments,
and shares on the Facebook page per recruitment day were
extracted from Facebook Page Insights and summed to serve
as an objective measure of Facebook Page Interactions. Data
collected from Twitonomy (a Twitter analytics tool) included
the number of retweets and mentions per recruitment day and
were used to compute Twitter Interactions. Information on the
number of clicks per day for the Facebook ad was obtained from
Facebook Ad Reports. Using descriptive data from Qualtrics,
we collected information on the number of survey clicks per
day. We used Pearson’s pairwise correlation to examine the
relationship between the number of survey clicks per day and
Facebook Page Interactions, Twitter Interactions, and Facebook
Ad clicks per day. Correlation values of 0 to .3 were deemed
weak correlation, .3 to .7 indicated moderate correlation, and
>.7 were considered strong correlation. The significance level
of each correlation coefficient was also estimated. A P value
of <.05 was deemed statistically significant.

As part of the survey, participants were also asked about their
method of recruitment. These methods were categorized under
one of the following categories: Facebook, Twitter,
word-of-mouth, email from a listserv, and other (including
LinkedIn, Craigslist, Tumblr, or other). We used 2-way
frequency tables to examine the distribution of the method of
recruitment based on participants’ age (categorized as 18-29.9,
30-39.9, 40-49.9, 50-59.9, and ≥60 years), race/ethnicity
(White/Caucasian, African-American/Black, Latino, and other),
male sex at birth, and sexual orientation (homosexual/gay,
heterosexual, bisexual, and other). A chi-square test was used

to assess the null hypothesis that the categorical variables are
independent.

Last, to estimate research retention in the absence of monetary
incentives, we compared the total number of participants who
responded to the first survey question with the total number of
respondents who answered the last survey question. All
statistical analyses were conducted using Stata, version 13.1
(StataCorp, College Station, TX).

Results

Total Respondents
A total of 2034 individuals clicked on the survey Web link,
averaging 18 clicks per day. Of those who clicked, 1977 people
consented to take the survey, 1404 met the inclusion criteria
and initiated the first question of the survey, and 1221 responded
to the last question of the survey (86.97% retention). A total of
43 respondents answered affirmatively when asked if they had
taken the survey before and were therefore excluded from the
survey.

The study received a total of 10,006 Facebook Ad Clicks, 278
Facebook Page Interactions, and 161 Twitter Interactions during
the recruitment period. Although each of these factors
contributed to the total number of survey clicks per day, only
the number of Facebook Ad Clicks was moderately correlated
with the number of survey clicks per day based on the Pearson
pairwise correlation (.52, P<.001). The Facebook Page
Interactions and Twitter Interactions were weakly correlated
with Facebook Ad Clicks (r=.17, P=.06; r=.18, P=.06,
respectively). Figure 1 illustrates the number of survey clicks
relative to the number of Facebook Ad clicks, Twitter
Interactions, and Facebook Page Interactions for the month of
June 2013. This serves to visually demonstrate the correlation
between each of the 3 major methods of recruitment and the
total number of survey clicks per day.

Figure 1. Number of Survey Clicks, Twitter Interactions, Facebook Interactions, and Facebook Ad Clicks in June 2013.
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Number of Survey Clicks, Twitter Interactions,
Facebook Interactions, and Facebook Ad Clicks in
June 2013
On average, participants spent 31 minutes to complete the
survey. Table 1 encapsulates key demographics of participants
by self-reported method of recruitment. According to these data,
participants were primarily 40-49.9 years of age, identified as
White/Caucasian, male at birth, and homosexual. Facebook was
the most common method of recruitment across all reported
demographics. With increase in age, participants were more
likely to report being recruited through non-Facebook methods.
Similarly, heterosexual individuals were more likely to report
non-Facebook methods of recruitment compared to bisexual or
homosexual participants. Email from a listserv was the second
most commonly reported method for those aged 60 years or
older and African Americans. Racial/ethnic categories were
independent of self-reported method of recruitment.

A total of US $5,021 was spent on the Facebook ad (mean CPC
= $0.64), which targeted a total of 14 million Facebook users
and accumulated 1404 initiated surveys. Therefore, the estimated
mean cost per survey initiation was approximately US $3.56.
The reach of the Facebook ads included participants from 48
states plus the District of Columbia but did not include
participants from either Alaska or Wyoming. From the Facebook
fan page, the research assistant “liked” 490 other fan pages
while 53 other organizations and individual Facebook users
“liked” the study’s fan page. A total of 141 Facebook messages
were sent to community leaders, organizations, and individuals
requesting to have the survey link reposted.

Over the course of the recruitment period, the research assistant
tweeted 572 times, received 199 Twitter followers, and followed
1092 Twitter feeds. In addition, the research assistant contacted
a total of 16 LinkedIn groups, added 3 Tumblr sites, and posted
on 3 Craigslist forums.

Table 1. Key participant demographics and self-reported method of recruitment.

P valuebOtheraTwitter
Word-of-
mouth

Email from a
ListservFacebookTotal, nCharacteristic

<.001Age, years, n (%)

 11 (4.5)2 (0.8)15 (6.1)7 (2.9)211 (85.8)24618-29.9

 4 (1.5)5 (1.8)21 (6.7)11 (4.0)233 (85.0)27430-39.9

 15 (3.0)6 (1.2)36 (7.1)29 (5.7)422 (83.1)50840-49.9

 18 (3.8)5 (1.1)33 (7.0)37 (7.8)381 (80.4)47450-59.9

 37 (9.2)23 (5.7)31 (7.7)55 (13.7)256 (63.7)402≥60

 85 (4.46)41 (2.15)136 (7.14)139 (7.30)1503 (78.94)1904Totalc

.311Racial identification, n (%)

 34 (3.4)11 (1.1)81 (8.1)67 (6.7)802 (80.6)995White/Caucasian

 4 (3.2)2 (1.6)9 (7.1)14 (11.1)97 (77.0)126Black/African American

 5 (2.8)2 (1.1)9 (5.0)8 (4.4)157 (86.7)181Hispanic/Latino

 3 (2.9)2 (2.0)3 (3.0)4 (3.9)90 (88.2)102Other

 46 (3.28)17 (1.21)102 (7.26)93 (6.62)1146 (81.62)1404Totalc

<.001Sex at birth, n (%)

 43 (3.26)14 (1.06)86 (6.51)76 (5.75)1102 (83.42)1321Male

 3 (3.9)3 (3.9)16 (20.8)16 (20.8)39 (50.7)77Female

 46 (3.29)17 (1.22)102 (7.30)92 (6.58)1141 (81.62)1398Totalc

<.001Sexual orientation, n (%)

 37 (3.06)11 (0.91)80 (6.62)73 (6.04)1007 (83.36)1208Homosexual/Gay

 6 (6.5)5 (5.4)14 (15.2)13 (14.1)54 (58.7)92Heterosexual

 1 (1.1)1 (1.1)8 (8.8)6 (6.6)75 (82.4)91Bisexual/Other

 44 (3.16)17 (1.22)102 (7.33)92 (6.61)1136 (81.67)1391Totalc

aIncludes LinkedIn, Craigslist, and Tumblr.
bBased on chi-square test.
cDifferences in number of responses for each characteristic are due to missing data; participants were not “forced” to respond to each demographic
question.
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Discussion

Principal Findings
Our study results indicate that the unique integration of online
social media recruitment, Web-based survey, and non-financial
incentives is an efficient and streamlined strategy for survey
research with HIV-positive individuals. The restricted resources
of US $5,000 in a 4-month recruitment timeframe with 20%
research assistant’s time resulted in recruiting 1404 qualified
participants in 48 states and the District of Columbia, averaging
18 survey responses per day, making this an efficient solution
for participant recruitment. This is similar to other studies not
focused on an HIV-positive population that have demonstrated
the efficiency of Facebook ads [24,27]. Furthermore, we were
able to access a difficult-to-reach population that may experience
stigma and other barriers to research participation.

Even though Facebook has been used to effectively recruit
HIV-positive individuals [34], our study is novel in that we
utilized a campaign approach—using several different online
social media platforms at once to benefit from various
approaches and to maximize diversity. Compared to other
methods of online recruitment, the Facebook ad was by far the
most successful and least time consuming. The number of survey
clicks per day and Facebook ad clicks was moderately correlated
and highly statistically significant, illustrating the importance
of a paid Facebook advertisement. We believe that setting a
high CPC bid and increasing the number of interest groups as
recommended by the Facebook representative, as well as using
ad images of women and ethnic minorities [32] and more direct
and motivating ad text as proposed by the CAPS CAB were
associated with improved ad performance.

Although we observed a weak correlation between the number
of survey clicks per day and both the Facebook Page and Twitter
Interactions, these platforms were essential in establishing and
maintaining a rapport with the study population and community.
Such relationships were cultivated by liking and following
relevant pages and groups of underrepresented populations,
posting comments on walls and reposting relevant material, and
sending personal messages. These techniques were particularly
helpful given that the level of compliance with our requests was
contingent upon the relationship and rapport between the
researcher and the person or institution being contacted. For
example, mass-produced messages and random posts on other
Facebook pages or Twitter feeds were not as useful as
personalized messages sent directly to a community leader or
an HIV advocate with an established relationship. This
highlights the social phenomenon known in economics as
reciprocity, which correlates one’s likelihood of compliance
with their familiarity with the one making the request [35].
Therefore, future researchers should not rely exclusively on
online social media and underestimate the powerful nature of
existing social networks to assist with recruitment efforts.

Retaining participants for Internet-based studies has been known
to be difficult [36], particularly among African American and
Latino MSM [31,37]. In response, our study catered ads for
these demographics and implemented a novel incentive structure
by adding interesting facts throughout the survey to motivate

participants. We used this approach as opposed to one with
pecuniary incentives to minimize duplicate and false responses.
Given that the average response time for survey completion was
31 minutes and 86.97% of those who initiated the first question
of the survey completed the survey, we believe this is a tactical
approach that can be used in future online research with
anonymous participants.

Since there are more Facebook users than any other social media
site, it was not surprising that most participants identified
Facebook as their primary method of recruitment. Moreover,
the paid Facebook ad and the selection of targeted groups likely
contributed to a higher percentage of Facebook recruits.
However, it is unknown why older age and non-homosexual
orientations were more likely to be associated with
non-Facebook methods of recruitment. Future research should
further examine possible reasons for these patterns. As such,
the use of online social networks other than Facebook for
recruitment remains a strong area of interest as venues for future
research [38]. It is likely that sites such as LinkedIn, Craigslist,
and Tumblr would be more useful for research within
professional networks, other interest groups, or longitudinal
research.

Limitations
The self-reported demographics elucidated in Table 1 are not
representative of the population of those living with HIV in the
United States [39]. Responses revealed a higher proportion of
individuals who identify as homosexual but fewer African
Americans and Latinos. This may be attributed to HIV-specific
reasons such as stigma, the necessity of having access to the
Internet to participate in the survey, the need to be using social
media to view recruitment advertisements, and the requirement
for English proficiency to take the survey. Such drawbacks may
be generalized to other study populations [24,40] and are
important factors when considering the use of online social
media for recruitment.

Another limitation of our study is the possibility of duplicate
responses. A study using online social media also found this
issue to be problematic, especially when participants were
provided a financial incentive without the use of restrictive
software [8]. However, attrition rates for online surveys in the
HIV-positive MSM population are high [41], urging researchers
to provide some form of incentive. With awareness of this issue,
we implemented safeguards to protect the integrity of the survey
data by introducing non-financial incentives, automatically
disqualifying participants who used duplicate IP addresses, and
asking participants whether they had already participated in the
survey. This inquiry was a necessary precaution owing to the
fact that 43 respondents admitted to taking the survey more than
once. Future researchers might consider investigating the extent
to which repeat online survey attempts are denied due to
duplicate IP addresses using comparable online survey
instruments and non-financial incentives. Even though we
believe the likelihood of duplicate responses is low, it is not
possible for us to determine if users circumvented these
measures by accessing the survey through multiple devices or
by providing inaccurate responses.
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In terms of Facebook ad pictures, future research may be
directed toward studying the effectiveness of different ad images
by measuring the number of ad clicks and survey responses,
which was a limitation of this study. Another limitation was
that we were unable to verify the HIV serostatus of participants.
However, given the lack of pecuniary incentives, it is unlikely
that individuals would misrepresent themselves as being
HIV-positive. Last, given that email from a listserv and directly
contacting individuals using Facebook messages were valuable
tools, it would have been beneficial for us to have asked
participants about the specific listserv or the particular Facebook
route (ie, Facebook ads vs personal message) in order to
distinguish between various efforts.

Conclusions
Online social media is an indispensable tool for recruiting
participants because it has the potential to be cost-effective and
efficient. Social media has the unique ability to transcend

barriers to study recruitment such as physical distance,
transportation, and limited time and financial resources. It also
affords users the added benefits of privacy and anonymity,
which may ameliorate the effects of perceived stigma in difficult
to reach populations. Moreover, non-financial incentives in the
form of trivia are a viable alternative to monetary incentives
that yields high rates of retention while minimizing the chances
of duplicate and fraudulent responses. Facilitating this process
using online data collection software can further reduce cost
and time associated with data collection. In sum, as
Internet-based research tools become more practical, researchers
must embrace these methods not only to maximize efficiency
but also to enhance the scientific validity and generalizability
of their findings. As such, online social media, alternative types
of incentives, and Web-based survey software are well poised
to become staple methods of recruitment and engagement in
research.
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Abstract

Background: The Internet is one of the main resources of health information especially for young adults, but website content
is not always trustworthy or validated. Little is known about this specific population and the importance of online health searches
for use and impact. It is fundamental to assess behaviors and attitudes of young people looking for online health-related information
and their level of trust in such information.

Objective: The objective is to describe the characteristics of Internet users aged 15-30 years who use the Web as a health
information resource and their trust in it, and to define the context and the effect of such use on French young adults’ behavior
in relation to their medical consultations.

Methods: We used the French Health Barometer 2010, a nationally representative survey of 27,653 individuals that investigates
population health behaviors and concerns. Multivariate logistic regressions were performed using a subsample of 1052 young
adults aged 15-30 years to estimate associations between demographics, socioeconomic, and health status and (1) the use of the
Internet to search for health information, and (2) its impact on health behaviors and the physician-patient relationship.

Results: In 2010, 48.5% (474/977) of Web users aged 15-30 years used the Internet for health purposes. Those who did not use
the Internet for health purposes reported being informed enough by other sources (75.0%, 377/503), stated they preferred seeing
a doctor (74.1%, 373/503) or did not trust the information on the Internet (67.2%, 338/503). However, approximately 80%
(371/474) of young online health seekers considered the information found online reliable. Women (P<.001) and people with
higher sociocultural positions (OR 0.5, 95% CI 0.3-0.9 and OR 0.4, 95% CI 0.2-0.7 for employees and manual workers, respectively,
vs individuals with executive or manager positions) were more likely to use the Internet for health purposes. For a subsample of
women only, online health seeking was more likely among those having a child (OR 1.8, 95% CI 1.1-2.7) and experiencing
psychological distress (OR 2.0, 95% CI 1.0-4.0). Finally, for online health seekers aged 15-30 years, one-third (33.3%, 157/474)
reported they changed their health behaviors (eg, frequency of medical consultations, way of taking care of one’s own health)
because of their online searches. Different factors were associated with different outcomes of change, but psychological distress,
poor quality of life, and low income were the most common.
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Conclusions: The Internet is a useful tool to spread health information and prevention campaigns, especially to target young
adults. Young adults trust online information and consider the Internet as a valid source of health advice. Health agencies should
ensure the improvement of online health information quality and the creation of health-related websites and programs dedicated
to young adults.

(J Med Internet Res 2014;16(5):e128)   doi:10.2196/jmir.2934
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health communication; information dissemination; access to information; Internet; trust; young adults

Introduction

Background
The use of the Internet to look for advice or health information
has been a growing resource since the 1990s [1]. Health
prevention programs can benefit from the Internet especially
when dedicated to or designed for young adults who represent
the vast majority of Web users [2]. High-quality health
information can be provided through websites, forums, blogs,
and social networks, which have been some of the most popular
channels for health promotion among young people in the past
10 years [2,3]. In France, 3 of 4 people have access to the
Internet, and Internet use is higher in young people compared
to other adults: 99% of people aged 12-17 years use the Internet,
and this proportion falls to 22% for those aged 70 years and
older [4]. Some French websites exclusively address health
issues concerning either the general population or adolescents
in particular. However, given the pace with which informal
websites and blogs are created [5], young Web users do not
exclusively use official websites whose content is trustworthy
and certified by experts and quality labels [6,7]. For this reason,
and given the amount of health information available on the
Internet, it is fundamental to investigate behaviors and attitudes
of young adults searching for health-related information on the
Web (young online health seekers or aged 15-30 years health
seekers). Therefore, we deemed it important to describe the
profile of young online health seekers together with the context
and consequences of their searches.

The Web offers a large amount of health-related information
and benefits from different interactive formats. However, the
disparate quality of available information [8-11] might reinforce
social disparities among Web users [12]. This heterogeneity is
also linked to the perception of reliability and credibility Web
users have regarding the information found on the Internet [13].
The French National Authority for Health (Haute Autorité de
Santé; HAS) pilots the certification procedure of health-related
websites by using the Health On the Net (HON) Code [6].
However, this initiative does not provide a complete evaluation
of all available information. According to the Pew Research
Center’s Internet & American Life Project conducted in the
United States in 2009, 3% of online health seekers stated they
had health problems after having followed medical advice or
information found on the Web [14]. Ambiguity regarding the
quality of health information on the Web affects and worries
some adult Web users [15]. Therefore, it is essential to
understand what young people think about the credibility of
online health information.

Furthermore, the effect of these searches on the way young
people take care of their own health and well-being is still
unknown. American studies report that, in the general
population, the Internet is used to get additional information
and/or advice about one’s own health [14], namely when facing
a diagnosis and/or having to choose a treatment [15,16].
Sometimes the use of the Internet can postpone and even replace
medical consultation and treatment [14]. Although teenagers
do not usually make decisions about medical care autonomously,
it is still relevant to assess the impact these online searches have
on young adults’ health behaviors.

In France, several studies have focused on health
information-seeking on the Internet [4,17-19]. However, to the
best of our knowledge, no nationally representative sample has
provided in-depth analysis of the behaviors and perceptions of
young online health seekers by focusing on gender, income,
and socioeconomic and health status.

Objectives
The aims of this article are: (1) to provide information about
the prevalence of Internet use for health-related purposes in
France among young adults and define the sociodemographic,
socioeconomic, and health-related profile of users, (2) to
investigate the context and the impact of the information found
on health-related behaviors, and (3) to assess the level of trust
young adults have in the information found on the Internet.

Methods

Survey Methodology
Data were extracted from the National French Health Barometer
survey conducted in 2010 by the French Institute for Prevention
and Health Education (INPES) in consultation with the French
Ministry of Health [20]. This survey was designed to measure
the evolution of key indicators regarding health-related
behaviors, attitudes, and opinions in the general population.
Using a computer-assisted telephone interviewing (CATI)
system, 27,653 people were interviewed from October 22, 2009
to July 3, 2010. Interviewers from a private survey firm were
trained by the INPES to administrate this health-related survey.

We used a 2-stage random sampling design: (1) selection of
households using random digit dialing covering all metropolitan
French regions, and (2) random selection of one member of the
household, using the method proposed by Kish [21]. Because
of the increasing rate of households that have abandoned their
landline telephones for cell phones, a cell-only sample was
added (12% of the sample to keep the same rate as in 2010 in
France). The cell-only sample was created independently from
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the landline sample by using the prefix (2 digits) assigned by
the National Telecom Authority to each mobile phone provider.
The remaining digits of the phone numbers (8 digits) were then
randomly generated. If the respondent had a landline phone in
his/her household, he/she was excluded from the cell-only
sample. This development was essential to improve the coverage
rate [22] because of the number of dwellings with a landline
phone (87% in 2010 vs 96% in 1998). Thus, approximately
99% of the population was covered [4]. Details of the survey
methodology have been published previously elsewhere [23,24].

If a household or individual refused to participate or could not
be reached, they were not replaced in the study. Thus, specific
efforts were made to successfully reach households and increase
the response rate: a formal request to participate explaining the
goals of the study was sent by mail before the first call
(addresses were located from the landline phone numbers when
available); unsuccessful calls were repeated after 30 and 90
minutes, on different days, and at different times to a maximum
of 40 attempts for each generated phone number. Individuals
who refused to participate were contacted a second time by
specially trained interviewers. The overall refusal rate was 39%.
All collected data were anonymous and self-reported. The mean
duration of an interview was approximately 32 minutes for
landline phones and 34 minutes for mobile phones.

This population-based survey procedure was approved by the
French data protection authority (Commission Nationale de
l’Informatique et des Libertés; CNIL), an independent
administrative body that operates in accordance with the national
data protection legislation, amended in 2004 specifically to
protect citizens’ identities and privacy and ensure access to their
own personal data.

From the initial nationally representative sample of 27,653
people aged 15-85 years, a random sample of 1052 young adults
aged 15-30 years answered a set of specific questions on their
use of the Internet as an information tool for health-related
issues. In this paper, we will analyze this subsample (referred
to as young adults or aged 15-30 years interchangeably).

Data were weighted by the number of telephone lines and
eligible persons in the household. They were also adjusted to
represent the French population structure (2008 census)
according to age, gender, educational level, region of residence,
and level of urbanization.

Independent Variables

Sociodemographic Characteristics
Sociodemographic characteristics included the following: age
group (15-19 years, 20-25 years, and 26-30 years), gender,
socio-occupational status (categorized as manual workers,
employees, intermediate occupations, executive and manager
positions, and other), and income by consumption unit (adjusting
for the household size and divided into quintiles). For those not
working at the time of the interview, we used the head of
household’s socio-occupational status.

Health Status
Respondents were questioned about their health status and if
they had children or were expecting a child. The Duke Index,

a validated tool containing 17 items that assesses general health
status [25], was used to measure respondents’ health and
well-being (score ranging from 0 to 100, later analyzed in
tertiles). Psychological distress was measured using the 5-item
Mental Health scale (MH-5; using a validated cut-off of 55), a
specific section from the Short-Form 36 (SF-36) questionnaire,
which is a validated, multipurpose, short-form health
questionnaire with 36 questions [26]. Presence of a chronic
disease was assessed by a self-reported answer (yes/no); if they
answered yes, the disease had to be specified. Moreover, a
variable named “fear of illness” was created as a score, analyzed
in quartiles, summing answers to 10 questions concerning fear
(not at all, a little, quite a few, a lot) of specific diseases or
events (eg, traffic accidents, alcohol diseases, cancer, Alzheimer
disease). Level of information on health issues was measured
with a series of 13 questions (eg, Do you feel you are well
informed about alcohol/tobacco/cancer...?). A 4-item scale (very
well/well/bad/very badly informed) was used and the total score
was analyzed using quartiles.

Trust in Internet Information
Survey respondents were asked about the credibility and
trustworthiness of health-related information obtained on the
Internet. Responses were categorized as reliable, somewhat
reliable, not really reliable, not reliable at all, and “do not know.”

Dependent Variables

Use of the Internet as a Source of Health Information
Survey respondents were asked whether they had ever used the
Internet to search for information and advice about health and
the frequency of their search(es) (eg, “During the past 12 months
have you used the Internet to look for information or advice
about health?” and “If so, how many times per week, month,
or year?”). We also asked about the themes of their searches to
a randomized subsample of 139 online health seekers. Answers
to the latter question were grouped into 5 categories: general
health and illnesses, medical news and treatments, mother and
child health, health behaviors, and occasional diseases.

Individuals who never looked for health information on the
Internet were asked if this was because they had enough
information through other resources, they were not interested
in getting health information, they were more confident in seeing
a doctor for health-related questions, they were not confident
with the information provided on the Internet, or they never
thought about using the Internet to search for health-related
information.

The Effect of Using the Internet on the Doctor-Patient
Relationship
We subsequently asked the subsample of online health seekers
if the information and advice found on the Internet had changed
the way they take care of their health. In addition, they were
asked if the use of the Internet led them to visit their doctor
more often, less often, or as they did before using the Internet
for health purposes. The context of the search was investigated
by analyzing if respondents had often (compared with rarely or
never) used the Internet for health purposes in the following
situations: instead of seeing a doctor, before seeing a doctor,
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after having seen a doctor, and without link to any medical
consultation.

Statistical Analysis
Bivariate chi-square tests were performed on weighted
proportions considering the following thresholds: .001, .01, and
.05. Five multivariate logistic regression models were used to
investigate whether risk factors (listed previously) were
associated with (1) the use of the Internet for health purposes,
and (2) the context and consequences of online health searches:
Internet search instead of seeing a doctor, change in taking care
of one’s own health, or having seen a physician less/more

frequently. We estimated adjusted odds ratio (adjusted OR) and
95% confidence intervals (95% CI) based on the Wald test. The
analyses were performed using R-3.0.1 software.

Results

Sample Characteristics
Data used in this analysis included 1052 individuals aged 15-30
years, of which 50.48% (531/1052) were men and 49.52%
(521/1052) were women (Table 1). The mean age was 22.6
years (SD 0.18).

Table 1. Participant characteristics of landline and cell-only samples.

Cell-only sample

(n=319)

Landline sample

(n=733)

Total

(N=1052)

Characteristics

Gender, n (%)

162 (50.8)369 (50.3)531 (50.48)Men

157 (49.2)364 (49.7)521 (49.52)Women

Age (years), n (%)

33 (10.4)289 (39.4)322 (30.61)15-19

156 (48.9)235 (32.1)391 (37.17)20-25

130 (40.7)209 (28.6)339 (32.22)26-30

Use of the Internet as a Source of Health Information

Overview
Almost all (977/1052, 92.87%) of our sample of young adults
was comprised of Web users, and this proportion decreased

slightly as age of respondents increased (from 96.2% to 90.1%
for the 15-19 years and 26-30 years age groups, respectively)
(see Figure 1).
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Figure 1. Web users and online health seekers by age group.

Nonhealth Seekers
Among 977 Web users, 503 (51.5%) had never used the Internet
to look for health information and advice during the past 12
months: 75.0% (377/503) explained being adequately informed
by other sources, 74.1% (373/503) preferred seeing a doctor,

and 67.2% (338/503) did not trust the information found on the
Internet. Although there was no statistically significant
difference by age, the youngest group (15-19 years) seemed
more likely than others to be adequately informed through other
sources and to have a distrust in information found on the
Internet (Table 2).

Table 2. Reasons for not using the Internet for health information among Web users by age.

PAge group (years), n (%)Reasons

26-30

(n=136)

20-25

(n=179)

15-19

(n=188)

15-30

(n=503)

.52101 (74.3)128 (71.5)148 (78.7)377 (75.0)Adequately informed by other means and resources

.8052 (38.2)76 (42.5)75 (39.9)203 (40.4)Not interested in this type of information

.69104 (76.4)131 (73.1)138 (73.4)373 (74.1)More confident in seeing a doctor for this kind of informa-
tion

.3889 (65.4)114 (63.7)135 (71.8)338 (67.2)Distrust in the information provided by the Internet

.2164 (47.1)78 (43.6)102 (54.2)244 (48.5)Do not know

Health Seekers
Half of the Web users (474/977, 48.5%) used the Internet during
the past 12 months to look for either information or advice on
health: 8.9% (87/977) every week, 18.7% (183/977) every
month, and 20.9% (204/977) less frequently (Figure 1). In
summary, 45% of young adults used the Internet for health
purposes.

Among Internet users, the use of the Internet for health purposes
significantly increased with age: 39.3%, 50.4%, and 55.4% for

the 15-19 years, 20-25 years, and 26-30 years age groups,
respectively (P=.002). After adjusting for socioeconomic and
health status, and all variables presented in Table 3, the logistic
models showed that the likelihood of using the Internet for
health purposes was higher among women compared to men
(57.2% vs 39.7%; OR 1.8, 95% CI 1.3-2.3; P<.001; result not
shown). Employees and manual workers were less likely than
executives and managers to search for online health information
and they actually surfed the Internet (whatever the reason) less
frequently (among 15-30 year age group, 96.4% of executives
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and managers vs 92.6% of employees and 86.7% of manual
workers). Finally, women with psychological distress (OR 2.0,
95% CI 1.0-4.0; P=.046), as well as pregnant women or women

with at least 1 child (OR 1.8, 95% CI 1.1-2.7; P=.01) used the
Internet for health purposes more frequently than others (Table
3).

Table 3. Factors associated with the use of the Internet for health purposes among Web users aged 15-30 years by gender.

Women (n=490)Men (n=487)Variables

P95% CIAdjusted ORn (%)P95% CIAdjusted ORn (%)

.10 .04 Socio-occupational status

.200.2, 1.40.526 (47.6).280.3, 1.40.634 (54.0)Other

157 (64.8)180 (54.5)Executives and managers

.640.4, 1.70.9163 (65.8).150.4, 1.20.7129 (41.2)Intermediate occupations

.020.2, 0.90.5172 (51.4).030.3, 0.90.592 (33.6)Employees

.040.2, 1.00.572 (54.7)<.0010.2, 0.70.4152 (33.5)Manual workers

.03 .89 Quality of life (Duke Index)

1161 (62.3)170 (40.6)Third tertile (poor)

.960.6, 1.61.0172 (61.3).570.5, 1.50.8163 (37.9)Second tertile (medium)

.090.4, 1.10.6157 (47.3).930.6, 1.81.0254 (40.6)First tertile (good)

.40 .23 Chronic disease

146 (50.1)140 (50.0)Yes

.380.7, 2.51.3444 (57.8).220.3, 1.30.7447 (38.8)No

.17 .51 Psychological distress

1426 (56.0)1467 (39.4)No

.0461.0, 4.02.063 (66.4).340.6, 4.41.620 (47.9)Yes

.002 .12 Having a child/being pregnant

1356 (52.9)1432 (38.3)No

.011.1, 2.71.8134 (69.7).090.9, 3.01.755 (50.7)Yes

aLogistic regression models were adjusted on all shown variables.

Themes of Online Health Searches
For the searched themes, those aged 15-30 years primarily
looked for information on general health or specific diseases,
especially flu or influenza (44.6%, 62/139). Themes searched

by older people (31-85 years) concerned health behaviors,
children’s health, and parental health. Women appeared to be
particularly concerned with themes concerning children’s health
and parental health (26.8%, 22/82) (Table 4).

Table 4. Health-related search themes according to gender among individuals aged 15-30 years.

P

Women, n (%)

(n=82)

Men, n (%)

(n=57)

All, n (%)

(n=139)aHealth topics

.5235 (42.7)27 (47.4)62 (44.6)General health and illnesses

.0622 (26.8)6 (10.5)29 (20.9)Children’s health and parental health

.3114 (17.1)14 (24.6)27 (19.4)Specific health problems

.5914 (17.1)12 (21.1)27 (19.4)Health behaviors

.8810 (12.2)7 (12.3)17 (12.2)Medical news/care

aA randomized subsample of 139 online health seekers who were asked to specify the content of their searches.

Trust in Online Health Information
Approximately 80% (78.2%, 371/474) of online health seekers
aged 15-30 years trusted the information they found on the
Internet, even if 61.4% of them (291/474) qualified the
information only as “somewhat” reliable, without significant

differences according to age and gender. However, the opinion
on the credibility of such information was associated with the
way respondents took care of their own health. Among online
health seekers, those who thought the information was not really
reliable were less inclined to change the way they take care of
their own health than those who found online information to be
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reliable (12.1% vs 39.2%, P<.001). Moreover people who found
the information not really reliable did not decrease the frequency
of their medical consultations (0.8% vs 8.1% for those who
found the information reliable, P<.001).

The Effect of Online Health Searches on the
Doctor-Patient Relationship
Table 5 illustrates the overall impact of Internet use on the young
adults’ medical consultations. Almost 3 of 10 online health
seekers aged 15-30 years reported having often used the Internet
as a source of health information instead of seeing a doctor
(29.9%, 142/474) or before seeing a doctor (28.7%, 136/474).
By contrast, 16.7% (79/474) used the Internet after having seen
a doctor, which significantly varied by age group: the 26-30
years group looked for information on the Internet after having
seen a doctor significantly more often (22.4%, P=.03) than the
15-19 years (13.1%) and the 20-25 years (13.7%) groups.

Moreover, a total of 33.1% (157/474) of the 15-30 years group
of health seekers stated they changed their way of taking care
of their health. For 11.4% (54/474) of young online health
seekers, the information found on the Internet in the past 12
months led them to see a doctor more often (4.9%, 23/474) or
less often (6.5%, 31/474) than usual: the 20-25 years group
tended to see their doctors less frequently (9.9%, 18/182) than
the 15-19 years (4.1%, 5/122) and the 26-30 years (4.7%, 8/170)
groups.

Finally, although 26.6% (126/474) looked for online health
information without having had any kind of medical
consultation, 33.1% (157/474) reported they modified the way
they take care of their health based on the information they
found on the Internet (no further significant difference by age
group).

Table 5. Impact of online health searches among online health seekers by age group.

PAge group (years), n (%)Impact of online health searches

 26-30 (n=170)20-25 (n=182)15-19 (n=122)15-30 (n=474) 

Use the Internet for health purposes often” or very often...

.4254 (31.8)57 (31.3)31 (25.4)142 (29.9)...instead of seeing a doctor

.6951 (30.0)54 (29.7)31 (25.4)136 (28.7)...before seeing a doctor

.0338 (22.4)25 (13.7)16 (13.1)79 (16.7)...after having seen a doctor

.3950 (29.4)48 (26.4)28 (22.9)126 (26.6)...not in relation to a medical consultation

.3548 (28.2)66 (36.3)43 (35.2)157 (33.1)Use the Internet for health purposes has changed the way of taking care
of one’s health 

Use the Internet for health purposes has made medical consultations...

.256 (3.5)10 (5.5)7 (5.7)23 (4.9)...more frequent

8 (4.7)18 (9.9)5 (4.1)31 (6.5)...less frequent

156 (91.8)154 (84.6)110 (90.2)420 (88.6)...as often as usual

Table 6 presents estimates of multivariate logistic regressions
of 4 different outcomes assessing the perceived impact of online
health searches. Young adults reporting the lowest level of
economic resources were more likely to see their physician less
frequently (OR 2.7, 95% CI 1.4-5.5; P=.004). Those reporting
poor quality of life according to the Duke scale (third tertile)
were more likely to search often for health information on the
Internet instead of seeing a doctor than those reporting good
quality of life (OR 2.3, 95% CI 1.4-3.7; P<.001). They were

also more likely to change the way they take care of their own
health (OR 1.8, 95% CI 1.1-2.9; P=.009) and were more likely
to see their physician more frequently (OR 2.7, 95% CI 1.0-7.4;
P=.048). Finally, people with psychological distress, fearing
illnesses (OR 3.3, 95% CI 1.0-10.5; P=.04), and those less
informed about diseases (OR 3.2, 95% CI 1.1-9.0; P=.02) tended
to increase the frequency of their consultations because of their
online health searches.
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Table 6. Factors associated with the context and consequences of online health searches, with odds ratios adjusted (adj OR) on all shown variables
(N=474).

Has seen the physician
more frequently

Has seen the physician
less frequently

Change in taking care of
one’s own health

Internet search instead of
seeing a doctor

nFactor

P95% CIAdj
OR

P95% CIAdj
OR

P95% CIAdj
OR

P95% CIAdj
OR

Gender

1111193Male

.150.8-4.71.9.060.3-1.10.5.0030.4-0.80.6.110.5-1.10.7281Female

Low income (1st quintile)

1111363No

.230.8-3.71.7.0041.4-5.52.7.210.9-2.11.4.890.71.61.0111Yes

Quality of life (Duke Index)

.0481.0-7.42.7.690.5-2.71.2.0091.1-2.91.8<.0011.4-3.72.3130Third tertile(poor)

.240.7-5.31.9.480.3-1.70.7.790.7-1.71.1.230.8-2.01.3162Second tertile (medium)

1111182First tertile (good)

Chronic disease

111144Yes

.420.2-2.00.7.810.3-2.60.9.140.4-1.20.7.410.4-1.40.8430No

Psychological distress

1111419No psychological distress

.0031.4-7.43.2.730.4-3.11.1.770.6-1.81.0.0041.3-3.72.255Psychological distress

Fear of illness

1111115First quartile (less afraid)

.640.4-5.01.4.530.5-3.01.3.940.6-1.71.0.220.8-2.31.4129Second quartile

.260.6-6.61.9.190.2-1.40.5.041.0-2.71.6.390.8-2.11.3129Third quartile

.0471.0-10.53.3.650.3-2.30.9.061.0-2.91.7.640.7-2.01.2102Fourth quartile (more afraid)

Level of information on health issues

111196First quartile (well informed)

.750.2-2.90.8.560.4-4.31.4.800.6-1.81.1.600.7-2.11.2129Second quartile

.650.2-2.60.7.880.4-3.91.2.0480.3-1.00.6.120.9-2.81.6122Third quartile

.021.1-9.03.2.160.8-6.82.4.960.6-1.71.0.031.1-3.31.9127Fourth quartile (poorly in-
formed)

Discussion

Characteristics of Online Health Seekers
According to the national Health Barometer 2010 survey data
based on a random and representative sample of the French
population, 45% of young adults aged 15-30 years used the
Internet in the past 12 months to seek health information. This
result is in-line with a study from the French National Institution
of Statistics and Economical Studies (INSEE) in 2010 examining
the same question, among others, but over a period of 3 months
[17]. At the international level, this proportion is lower than in
other countries. A survey performed in 7 European countries
(Norway, Denmark, Germany, Greece, Poland, Portugal, and
Latvia) in 2005 found that, on average, 63% of individuals aged
18-29 years were online health seekers [27]. The replication of

this study in 2007 showed that this behavior was growing in all
age groups [28]. Another survey carried out in 2010 in Italy
showed that 60% of young Italian males and 65% of young
Italian females (between 18-29 years) used the Internet for
health-related purposes [29]. In the United States, the Pew
Research Center’s Internet & American Life Project showed
that in 2012, 72% of people aged 18-29 years were online health
seekers [30]. Considering the 18-29 years group in our own
study, the proportion of online health seekers only increased to
48%. However, this apparent lower proportion of young online
health seekers in France may be because of an underestimation
in our study as a result of formulation issues (see Limitations).
Moreover, the aforementioned international surveys exclusively
focused on online health information seeking and do not aim
at being representative of the general population, which is the
case with the Health Barometer 2010.
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Online health seekers aged 15-30 years were more likely to be
women than men and have a position as an executive or manager
rather than being employees or manual workers. The literature
confirms that gender, occupation, and socioeconomic status are
the main factors discriminating the Internet use for health
concerns in the general population [22-26]. Those factors have
also been found in very different contexts and countries (eg,
Saudi Arabia, Brazil, or Japan) [31-33].

Regarding the gender effect, this result is not specific to the
Internet use for seeking answers to health questions because
women, in general, tend to be more interested in health than
men [34]. However, it is worth noting that women’s use of the
Internet for health advice or information seeking has empowered
them and changed their relationship with health care providers
[35]. Moreover, other results showed that women were more
likely than men to seek help for someone else [36].

The association with socioeconomic status is also consistent
with the fact that the Internet, as any technological innovation,
tends to primarily benefit the wealthier and/or more educated
[37-39], and in this case reinforce the inverse information law
(as an extension of the inverse care law as defined in 1971 [40]):
the availability and use of health information (and the ability
to use it properly) tends to vary inversely with the need of the
population. Understanding the sociodemographic and
socioeconomic profiles of online health seekers could, therefore,
help improve the quality of online information and tools (eg,
by adjusting the level of literacy required) and produce age- or
gender-specific online supports.

Although our sample is relatively homogeneous regarding age,
we saw that the proportion of Web users slightly decreased with
increasing age, whereas the proportion of online health seekers
increased. This was previously found in the general population
[3,41-44] and could probably be related to the ambiguity of the
age effect [45]. On the one hand, younger people, namely
adolescents, have more access to the Internet and have better
and more Web-related skills [46-48]. On the other hand, they
are less concerned with health problems, the latter increasing
with age and impacting those generations who are a priori less
at ease with using the Internet [49,50]. Our results suggest that
national and regional health agencies could develop health
promotion campaigns and programs targeting young adults to
bridge the gap between their low level of knowledge regarding
health issues and the increasing prevalence of lifestyle diseases
[51].

Some health-related factors were also associated with the use
of the Internet to search for health-related information. Our data
did not show significant associations with general health status
(measured in our study through chronic disease or quality of
life) as often shown in the general population [27,45,52,53].
However, 2 specific conditions were found to be associated
with online health searches. Psychological distress appeared
related to searching for health information on the Internet. This
could be explained by the fact that a specific condition, rather
than a perceived general health status, increases the interest and
the need to search for specific information or treatment.
Moreover, anxiety itself could lead these people to look for
further health information or to verify information after a

medical consultation. Furthermore, the confidentiality of the
Internet could represent an advantage for its use as a tool to
obtain information on stigmatizing issues, such as many mental
health illnesses. This could explain, at least partially, why the
use of the Internet for health purposes is positively associated
to poor mental health but not to physical health.

The last factor associated with the use of the Internet for
health-information seeking is having or expecting a child,
especially among women. Again, this might be related to the
fact that women, more than men, still tend to take care of the
family’s health. The interest in health information dealing with
parenthood is clear when we look at the most frequent themes.
Questions about mother’s and child’s health are indeed the most
frequently mentioned topics among the young Web users (21%)
after general health and illnesses (45%). These findings are
consistent with those in other countries in Europe, such as Italy
[54]. This noticeable interest in parenthood probably represents
an interesting starting point for health promotion providers and
policy makers in France. The creation of specific websites on
this topic could meet the needs of parents and provide them
with validated information.

Context and Impact of Online Health Searches
With regard to the context of health-information seeking on the
Internet, three-quarters of online health seekers reported having
made their Internet searches in conjunction with a medical
consultation, either before (eg, to see if a consultation is needed
or to get prepared to an eventual treatment) or after (eg, to get
additional information or seek for alternative treatments). More
interestingly, approximately 3 in 10 young adults reported
having looked for health information on the Internet instead of
seeing a doctor. This behavior could fit with a search cost model
using the Internet as a resource to reduce health care and
information search costs [55]. By finding reassuring information
about specific and precise questions on the Internet, young
adults could save the money and time of any medical
consultation.

Moreover, one-third of the 15-30 years group of online health
seekers reported having modified the way they take care of their
health after their Internet searches. It is possible that the changes
in question reflect an increased distancing from health
professionals, which may lead young adults to follow advice
against public health rules (eg, purchasing medicines on the
Internet or trusting uncontrolled therapies). Conversely, these
findings could be positive if people have been trained and
influenced by trustworthy online information campaigns or
prevention programs. In both cases, these results confirm the
idea that the Internet potentially supports the dissemination of
health information with an impact on young adults’ health, as
well as the importance of promoting labels to guarantee the
reliability of the information provided on commercial websites,
or to train users to read in a critical manner.

Trust in Online Health Information
Although two-thirds of young people did not look for health
information on the Internet because of their distrust in this kind
of information, the majority of young online health seekers
(approximately 80%) trusted the information they found on the
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Internet. This could be worrisome because the quality and
validity of health information on the Internet varies a lot in
France, as it does in other countries [8-12]. For instance, a 2009
study conducted in the United Kingdom showed that only 4 of
10 websites provided correct information regarding pediatric
issues [11]. However, our statistical analyses showed that the
opinion on the credibility of online information is linked to the
repercussions Internet searches have on the way people take
care of their own health. In fact, those who trusted the less
health-related information are also those who stated less change
in their health and medical behavior because of their Internet
searches. In any case, it is important to underline that we do not
know to what extent the level of trust in the information found
online is related to the actual validity of the information.

Finally, if young adults feel comfortable using the Internet, they
may have difficulty judging the quality of health-related
information or they may not be aware of quality labels.
Therefore, it is fundamental to help young people to find and
use the most valid online health information. Several strategies
can be developed to reach this goal. On the one hand,
institutional websites need to be created—or the promotion of
labels on other websites—where health information is clearly
thought through, well planned, referenced, and safely managed
[56]. This process is already in place in the United States and
Australia [2,3,43], where young Web users represent a large
proportion of online health seekers. In France, the INPES also
developed many validated information resources on the Internet
and social networks dedicated to young people during the last
10 years. This agency also promoted its reliable online resources
through other media (eg, television, schools). In a
complementary manner, it seems useful to offer health-related
educational programs and e-learning activities to young adults.

Another strategy to ensure young adults get valid information
about health issues is to target their main way of using the
Internet, namely social networks. There is a growing use of
social networks for health promotion purposes and the literature
shows that those interventions are effective in some fields, such
as sexual health promotion [57-59]. That is also something the
INPES has tried to develop in recent years. Social networks
could also be established as a place for physicians and health
professionals to help their patients wade through online
information and make recommendations on reliable sources. It
is then necessary to develop the monitoring, validation, and
labeling of new tools created by health professionals and experts.
Professional organizations could attempt to build digital
resources for young people and work with them in a
collaborative manner, as the nature of Web 2.0 suggests.

Limitations
Analyses were based on a large sample representative of the
French population. The methodology of the survey has been

validated and interviews were conducted by trained interviewers.
However, several limitations deserve attention in the
interpretation of our findings. The response rate was 61%, which
is satisfactory compared with other health surveys in France,
but lower than the rates obtained in other epidemiologic surveys,
such as the National Epidemiologic Survey on Alcohol and
Related Conditions (NESARC) [60]. However, selection bias
cannot be ruled out and some populations, especially the most
deprived ones (ie, homeless people), are likely to be
underrepresented, although some were interviewed as a result
of the sample based on mobile phone numbers.

Among the limits of our approach, it is also necessary to
underline that our data do not allow for the distinction among
Web sites, blogs, and social networks. People who use these
tools do not necessarily all have the same approach; therefore,
they might not have the same profile (eg, socioeconomic status
and health behaviors). It is possible that a part of the young
adults who looked for information about health behavior
answered no to the question “have you used the Internet to look
for health information or advice.” Tobacco smoking, sexual
behaviors, drug consumption, or sleep habits may indeed not
be perceived as health behaviors by young people who might
not perceive the health consequences of their behaviors,
particularly those that will occur in the long term.

Conclusions
Our study shows that in France in 2010, almost all individuals
aged 15-30 years were Web users, and approximately half of
them used the Internet to look for health information for
themselves, their relatives, or nobody in particular. These results
justify the increasing effort over the past several years by health
promotion stakeholders in designing specific e-tools, such as
the development by agencies or labeled stakeholders of websites
or Facebook pages dedicated to adolescents and young adults,
of online publishing of video events (eg, INPES manga [61]
aimed at preventing the initiation of smoking), or the
development of smartphone apps (eg, Alcoholometer app to
estimate daily alcohol consumption).

To conclude, the Internet is assuming an increasingly important
role in its young users’ lives and is increasingly becoming one
of the major health information mediums in many countries.
This explains why effective health interventions for young
people should not avoid online tools. Given the results of this
study, France is expected to maintain enhancing the number
and quality of health-related websites especially addressed to
individuals aged 15-30 years. It is incumbent to find more
creative ways to inform young people about health and health
care in ways that reflect their own style and culture.
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Abstract

Background: Chronic pain is a prevalent and debilitating problem. Accurate and timely pain assessment is critical to pain
management. In particular, pain needs to be consistently tracked over time in order to gauge the effectiveness of different treatments.
In current clinical practice, paper-based questionnaires are the norm for pain assessment. However, these methods are not conducive
to capturing or tracking the complex sensations of chronic pain. Pain-QuILT (previously called the Iconic Pain Assessment Tool)
is a Web-based tool for the visual self-report and tracking of pain (quality, intensity, location, tracker) in the form of time-stamped
records. It has been iteratively developed and evaluated in adolescents and adults with chronic pain, including usability testing
and content validation. Clinical feasibility is an important stepping-stone toward widespread implementation of a new tool. Our
group has demonstrated Pain-QuILT clinical feasibility in the context of a pediatric chronic pain clinic. We sought to extend
these findings by evaluating Pain-QuILT clinical feasibility from the perspective of adults with chronic pain, in comparison with
standard paper-based methods (McGill Pain Questionnaire [MPQ] and Brief Pain Inventory [BPI]).

Objective: The goal of our study was to assess Pain-QuILT for (1) ease of use, (2) time for completion, (3) patient preferences,
and (4) to explore the patterns of self-reported pain across the Pain-QuILT, MPQ, and BPI.

Methods: Participants were recruited during a scheduled follow-up visit at a hospital-affiliated pain management and physical
rehabilitation clinic in southwestern Ontario. Participants self-reported their current pain using the Pain-QuILT, MPQ, and BPI
(randomized order). A semistructured interview format was used to capture participant preferences for pain self-report.

Results: The sample consisted of 50 adults (54% female, 27/50) with a mean age of 50 years. Pain-QuILT was rated as
significantly easier to use than both the MPQ and BPI (P<.01) and was also associated with the fewest difficulties in completion.
On average, the time to complete each tool was less than 5 minutes. A majority of participants (58%, 29/50) preferred Pain-QuILT
for reporting their pain over alternate methods (16%, 8/50 for MPQ; 14%, 7/50 for BPI; 12%, 6/50 for “other”). The most
commonly chosen pain descriptors on MPQ were matched with Pain-QuILT across 91% of categories. There was a moderate-to-high
correlation between Pain-QuILT and BPI scores for pain intensity (r=.70, P<.01).

Conclusions: The results of this clinical feasibility study in adults with chronic pain are consistent with our previously published
pediatric findings. Specifically, data indicate that Pain-QuILT is (1) easy to use, (2) quick to complete, (3) preferred by a majority
of patients, and (4) correlated as expected with validated pain measures. As a digital, patient-friendly method of assessing and
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tracking pain, we conclude that Pain-QuILT has potential to add significant value as one standard component of chronic pain
management.

(J Med Internet Res 2014;16(5):e127)   doi:10.2196/jmir.3292

KEYWORDS

chronic pain; assessment tool; Internet; clinical feasibility

Introduction

Chronic pain, defined as pain that persists beyond normal time
of healing, is a prevalent and debilitating problem that is now
recognized as a disease [1-3]. Common types of chronic pain
include low back, headache, abdominal, musculoskeletal, and
neuropathic pain [4]. Pain is a complex sensory and emotional
phenomenon that, while intensely experienced, is often difficult
to communicate [5].

Accurate and timely pain assessment is critical to developing
and monitoring a pain management plan [6]. Given that there
is no medical test to directly measure pain, health care providers
rely primarily on patient self-report, including pain quality (what
it feels like), intensity (how much it hurts), location (spatial
distribution), and temporal nature (how it changes over time)
[6]. Assessment of pain quality and location is particularly
important because this information can be used to distinguish
between different diagnostic subgroups (eg, neuropathic versus
non-neuropathic pain) [7,8].

Chronic pain management often takes place across multiple
settings (eg, hospitals, clinics) and involves numerous health
care providers, including physicians, nurses, physiotherapists,
chiropractors, and psychologists [9-11]. Pain outcomes need to
be consistently tracked over time in order to gauge the
effectiveness of different management strategies, including
physical, psychological, and pharmacological approaches.
However, there is often a lack of consistency in the assessment
of pain across these different settings and providers. One reason
for this lack of consistency is the standard use of paper-based
assessment tools, which are not conducive to tracking pain over
time. Commonly used paper-based tools include the McGill
Pain Questionnaire (MPQ) [12] and the Brief Pain Inventory
(BPI) [13]. However, there is limited research on the serial use
of these measures in clinical pain assessment.

The emergence of Internet and mobile technology has created
opportunities for innovation in the field of pain assessment and
management. For example, electronic pain diaries offer
advantages such as ease of data tracking, improved patient
compliance, and capture of real-time pain reports without
memory bias [14-20].

Pain-QuILT is a Web-based tool for the visual self-report and
tracking of pain (quality, intensity, location, tracker) in the form
of time-stamped records [21-24]. Pain quality is expressed by
choosing from a validated library of labeled pain icons, such as
a matchstick for “burning pain”. Pain intensity is quantified
using a 0-10 numerical rating scale (NRS) ranging from “no
pain” to “worst pain imaginable”. Pain location is illustrated by
“dragging-and-dropping” pain icons onto a detailed virtual
body-map that is codified into over 100 regions.

To our knowledge, Pain-QuILT is the only tool that captures
the complex sensations of chronic pain by allowing patients to
self-report different qualities and intensities of pain across their
entire body. For example, they can record the simultaneous
experience of a “3/10” burning pain in their shoulder as well as
a “5/10” pain in their foot that is both “burning” and “sharp”.
All reported data are digitally captured and then populated into
a database, which can be used to track changes in pain quality
and intensity across different body regions over time.

Health care professionals can use this information to monitor
the effectiveness of any pain management practices. Patients
can keep track of their pain to help inform self-management in
the home setting. By standardizing the assessment of pain
outcomes in a digitized format, Pain-QuILT may also improve
the coordination of pain management across multiple health
care providers.

Pain-QuILT has been iteratively developed and evaluated in
adolescents and adults with chronic pain, including usability
testing and content validation. Before widespread
implementation of Pain-QuILT, it is critical to evaluate clinical
feasibility (ie, the ease with which it can be applied in a
real-world setting), compared with standard methods of pain
assessment. Recently, our group established clinical feasibility
in an interdisciplinary pediatric chronic pain clinic that used a
semistructured interview method to assess pain [24]. In
comparison with this standard method, Pain-QuILT was
preferred by a majority of adolescent patients and was perceived
to be clinically useful for visually capturing pain and promoting
better communication between patients and health providers.

Given that the MPQ and BPI are the standard tools used in
adults, the purpose of this study was to extend the findings from
our pediatric work to evaluate clinical feasibility of Pain-QuILT
among adults with chronic pain in comparison with the MPQ
and BPI. In the context of this clinical feasibility study, our
primary aims were to assess Pain-QuILT for (1) ease of use, (2)
time for completion, and (3) patient preferences. Our secondary
aim was to explore the patterns of self-reported pain across the
comparator methods of Pain-QuILT, MPQ, and BPI.

Methods

Study Setting
This study was conducted at a hospital-affiliated pain
management and physical medicine and rehabilitation outpatient
clinic in southwestern Ontario. It was staffed by an
interdisciplinary team of health care professionals, consisting
of a physiatrist, physical therapist, and kinesiologist. Patients
who are referred to this outpatient clinic receive a thorough
medical evaluation, including assessment of pain, and are then
informed of the management plan including pharmacological,
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injection, and physical therapies. They may also be referred for
psychological therapy (eg, group counseling, cognitive
behavioral therapy) if needed. All patients are reassessed at
timely intervals and treatments are adjusted according to clinical
need.

Recruitment
Informed written consent was obtained from all participants,
and the study was approved by the locally responsible Research
Ethics Boards. A health care provider known to patients
identified eligible individuals by screening the patient lists of
consecutively scheduled clinic appointments. Individuals were
eligible to participate if they were (1) aged 18 years or older,
(2) able to speak and read English, and (3) currently
experiencing pain of any intensity according to self-report.
Individuals were excluded if they had severe cognitive
impairment or major comorbid medical or psychiatric illness
that could preclude their ability to self-report pain or take part
in a verbal interview, according to their health care provider.
Individuals were also excluded if they had severe vision or hand
dexterity impairments that could prevent independent use of a
computer and mouse.

Demographic and Health-Related Data
Following consent, each participant completed a Demographic
and Health Questionnaire, which collected data on age, sex,
computer comfort, weekly computer use, language proficiencies,
education level, and date of pain problem onset.

Interview Protocol
All participants took part in an individual semistructured
interview (20-30 minutes) with a trained investigator (author
CL). The investigator was experienced in conducting qualitative
interviews and used techniques to minimize the power
differential between the interviewer and participant (eg,
established rapport, engaged in active listening, used relaxed
body language) [25]. The investigator also stressed that the
research team wished to ensure that Pain-QuILT addressed the
needs of adults with chronic pain and thus encouraged
participants to freely express opinions about good and bad
aspects of the tool. As a first step, participants self-reported
their pain using the Pain-QuILT, MPQ, and BPI (described in
detail below). These tools were administered in a randomized
order for each participant, in order to minimize potential order
effects. Investigator observation and participant comments were
used to identify any difficulties or confusion with using each
tool; these were recorded as field notes. The time required to
complete each tool was recorded. Next, a semistructured
interview format was used to discuss participant preferences
for pain self-report. A 0-10 NRS ranging from “not easy at all”
to “very easy” was used to appraise each tool. Qualitative written
feedback on the ease of using each tool was also collected.
Finally, participants were asked to indicate their preference of
methods for self-reporting pain and explain the reason for their
choice. All interviews were conducted by the same investigator
in a quiet room within the clinic.

Pain Tool Comparison

McGill Pain Questionnaire
This paper-based questionnaire was developed in the 1970s
through groundbreaking research that was focused on identifying
common word descriptors for the pain experience [12,26,27].
At the time, there was no available tool that accounted for the
multidimensional nature of pain. The MPQ is composed of 20
subclasses that correspond to sensory, affective, evaluative, and
miscellaneous pain. Each subclass consists of a clustered list
of 2-6 word descriptors. For example, the first subclass of word
descriptors is “sensory-temporal” and is made up of the
descriptors: “flickering; quivering; pulsing; throbbing; beating;
pounding”. There is a total of 78 descriptors on the MPQ.
Participants were instructed to review each discrete cluster of
words and then select the one word that best described their
current pain. If none of the words within a cluster were
descriptive of their pain, then no word was selected. The MPQ
is one page in length and was administered by the study
investigator.

Brief Pain Inventory Short Form
This paper-based questionnaire was developed in the 1980s for
patients with cancer pain, based on research suggesting that
existing measures such as the MPQ were burdensome for
patients to complete [13,28]. Since its initial development, the
BPI has subsequently become one of the most widely used tools
for assessing all types of pain in both clinical and research
settings [29]. It is designed to assess pain location and severity
as well as level of interference with daily life. In the present
study, participants used a pen to shade painful areas on a
body-manikin diagram. The body-manikin consisted of anterior
and posterior aspects and included no regional demarcations.
Next, participants were required to rate the intensity of their
“pain right now” as well as their “worst”, “least”, and “average”
pain from the past 24 hours using separate 0-10 NRS items
ranging from “no pain” to “pain as bad as you can imagine”.
Finally, participants were asked to rate the extent to which pain
had interfered with different parts of their life in the past 24
hours. Each quality of life domain was rated on a separate NRS
ranging from 0 (“does not interfere”) to 10 (“completely
interferes”). The BPI is one page in length and was administered
by the study investigator.

Pain-QuILT
Participants were taught how to use Pain-QuILT via a standard
3-minute demonstration. Following confirmation of
understanding, each participant was instructed to use the
investigator laptop computer (MacBook Pro) with external
mouse to “create a picture” of their current pain, as illustrated
in Figure 1. First, they chose from the library of labeled pain
quality icons to describe what their pain felt like. The
Pain-QuILT library consisted of 16 icons to represent aching,
burning, dull, electrical, freezing, heavy, pinching, pins &
needles, pounding, shooting, sharp, stabbing, stiffness,
squeezing, throbbing, and “other” pain. They then used the
mouse to “drag-and-drop” a miniature copy of this descriptive
icon onto a virtual body-map to show pain location. The entire
body-map was displayed on a single screen and was made up
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of anterior and posterior aspects, as well as magnified views of
the head (anterior, posterior, side-view). The body-map was
codified into 110 distinct regions, and each region became
highlighted in blue as the computer mouse hovered over it. Next,
after “dropping” the icon onto the appropriate body region, the
user assigned a rating of intensity for this pain by using a
“pop-up” 0-10 NRS ranging from “no pain” to “worst pain
imaginable”. The 0-10 NRS also corresponded with a color
scale ranging from green (lower intensity) to red (higher
intensity). After the user had chosen an intensity value, the pain
icon was added to the body-map, along with the numerical
rating. The dropped icon-number pair was enclosed within a

square box whose fill color corresponded to the intensity rating
(eg, dark green fill for a rating of 1/10). Users continued to
“drag-and-drop” numbered icons onto the virtual body-map
until all of their current pain or pains had been recorded. Figure
1 shows a patient reporting multiple pains across their body of
different qualities and intensities, specifically, shoulder pain
that is both “burning” and “aching”, a painful stiffness in their
chest, an “aching” knee pain, and a “pounding” pain in the back
of their neck. All user-entered pain data (quality, intensity,
location), as well as information on time and date of entry, were
automatically uploaded to a back-end database that was
accessible to the research team.

Figure 1. Screenshot of Pain-QuILT user interface for self-reporting the quality, intensity, and location of current pain. Copyright McMaster University.
Used with permission. All permission requests for this image should be made to the copyright holder (McMaster Industry Liaison Office).

Data Analysis
Qualitative written data and field notes from the semistructured
interview were transcribed verbatim and imported into the
qualitative software program, HyperRESEARCH [30]. This
software was used to facilitate a simple content analysis of the
data [31]. A line-by-line coding analysis was used to identify
key concepts from the interview transcripts and field notes.
Concepts addressed during the semistructured interviews were
used to thematically code and organize participant responses
[31]. Participant quotations were selected to illustrate each key

interview concept with the aim of representing the balance of
opinion among participants.

Quantitative data from the Demographic and Health
Questionnaire, MPQ, BPI, and Pain-QuILT were coded, scored,
and entered into a Statistical Package for the Social Sciences
database [32]. As described by Lalloo and colleagues, the
extracted parameters from each Pain-QuILT report were the
number of unique painful sites (range 0 to 110) and number of
different pain quality descriptors (range 0 to 16) used to express
current pain [24]. Additionally, a cumulative mean pain intensity
score was calculated across all painful body sites. While this
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cumulative score provided a convenient indicator of the central
tendency of data, it was also sensitive to outliers. Thus, we also
extracted the lowest and highest single NRS intensity score to
provide an indicator of data dispersion. For example, if a
participant reported a 5/10 burning pain in their foot, a 3/10
burning pain in their hand, and a 3/10 stabbing pain in their
back, then the number of unique painful sites would be recorded
as 3, the number of unique pain quality descriptors would be 2,
the cumulative intensity score would be calculated as
[(5+3+3)/3]=3.7, the lowest reported NRS score would be 3,
and the highest reported NRS score would be 5.

All data were analyzed descriptively to assess measures of
central tendency (mean, median) and dispersion [standard
deviation, interquartile range]. Data were also evaluated to
ensure that they met the assumptions of parametric statistical
analysis (ie, the normal distribution). When these assumptions
were not met, the non-parametric equivalent test was used.
Repeated measure analysis of variance (ANOVA) was used to
determine whether there were any differences between
Pain-QuILT, MPQ, and BPI in terms of time to complete or
ease of use ratings. Pearson correlations were used to examine
the association between pain intensity scores on Pain-QuILT

and BPI. The a priori criterion for evidence of convergent
validity was a moderate correlation of r=.5 between Pain-QuILT
and BPI scores for current pain intensity. Using the guidelines
from Streiner and Norman pertaining to sample size for
correlation coefficients, assuming alpha=.05 and beta=.05, the
required sample size was N=50 [33]. The level of significance
was set at P<.05 for all tests.

Results

Participant Characteristics
A total of 50 adults completed the study over a 5-month period
in 2013. Sample characteristics are summarized in Table 1.
Nearly all participants (48/50, 96%) had a computer at home
as well as Internet access (45/50, 90%). Of the 50 participants,
84% (42/50) reported being “comfortable” or “very comfortable”
with using computers, while 10% (5/50) were “a little
comfortable” and 6% (3/50) were “not at all comfortable”. The
self-reported frequency of computer use among participants
was none (3/50, 6%), once per week (3/50, 6%), twice per week
(2/50, 4%), three times per week (4/50, 8%), five times per week
(1/50, 2%), and every day (37/50, 74%).

Table 1. Characteristics of study participants (N=50).

nCharacteristics

50 (14) (18-76)Age in years, mean (SD) (range)

Gender, n (%)

23 (46)Male

27 (54)Female

Language, n (%)

39 (78)English as first spoken language

31 (62)Spoke English only

19 (38)Spoke English and another language

13.8 (3.8) (0-21)Total years education, mean (SD) (range)

8.3 (8.9) (1-33)Chronic pain duration in years, mean (SD) (range)

Current pain treatment modalities, n (%)

43 (86)Pharmacological

19 (38)Physical therapy

9 (18)Massage therapy

5 (10)Alternative or complementary

2 (4)Chiropractic therapy

2 (4)Acupuncture

Pain interference in past 24 hours, mean (SD )

7.2 (2.5)Normal work

7.0 (2.9)Enjoyment of life

6.8 (2.6)Sleep

6.7 (2.5)General activity

6.2 (2.9)Mood

5.6 (3.1)Walking ability

5.0 (2.9)Relations with other people
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Self-Reported Pain

McGill Pain Questionnaire
The relative endorsement of MPQ pain quality descriptors
between and within subclasses is illustrated in Figure 2. The
most commonly chosen MPQ words to express current pain

were matched with a descriptor in the Pain-QuILT library across
all subclasses, except for “miscellaneous”. This pattern was
consistent regardless of whether the MPQ was administered
before Pain-QuILT (29/50, 58%), or Pain-QuILT was
administered before the MPQ (21/50, 42%).

Figure 2. Relative frequency of words chosen by participants on the McGill Pain Questionnaire to describe their current pain.

Brief Pain Inventory
The mean score for current reported pain intensity was 6.6 (SD
2.1). The mean scores for recalled pain in the past 24 hours were
7.9 (SD 1.4) for “worst” pain, and 4.4 (SD 2.2) for “least” pain,
respectively.

Pain-QuILT
The mean number of unique painful sites reported was 6.5 (SD
4.0, range 1-22). The mean number of different pain qualities
used to describe current pain was 5.0 (SD 2.4, range 1-10). The
relative endorsement of Pain-QuILT icons across all participants
is illustrated in Figure 3. The mean reported intensity for current

pain (ie, the cumulative calculated score across all body sites)
was 6.2 (SD 2.0). The mean lowest reported pain intensity score
was 4.8 (SD 2.1), and the mean highest reported pain intensity
score was 7.4 (SD 2.1).

The Pearson correlation coefficient between the Pain-QuILT
score for current pain (calculated across all body sites) and BPI
score for current pain (single NRS rating) was r=.70. The
Pearson correlation coefficient between the highest reported
intensity score on Pain-QuILT and the BPI score for current
pain was r=.76. The Pearson correlation coefficient between
the lowest reported intensity score on Pain-QuILT and the BPI
score for current pain was r=.55.
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Figure 3. Relative frequency of Pain-QuILT icons chosen by participants to describe their current pain.

Ease of Use
All participants reported the relative ease of using each tool for
self-reporting pain. The mean ratings were 5.9 (SD 2.6) for the
MPQ, 7.0 (SD 2.6) for the BPI, and 8.3 (SD 2.0) for
Pain-QuILT. Overall, there was a significant difference between
the tools in terms of perceived ease of use, F2,96=20.6, P<.001.
Pairwise comparisons also indicated significant differences
between the MPQ and BPI (P=.009), MPQ and Pain-QuILT
(P<.001), as well as BPI and Pain-QuILT (P=.002).

Participant-Reported Difficulties With Using Each
Pain Tool
Overall, 46% (23/50) of participants indicated that they had
difficulties in completing the MPQ, while 22% (11/50) reported
difficulties with the BPI and 16% (8/50) specified difficulties
with Pain-QuILT.

The most commonly reported issue with the MPQ was trouble
with understanding the qualitative word descriptors (10/23,
43%) due to language barriers (eg, English as second language)
or uncommon vocabulary, such as “taut” and “smarting”.
Participants (7/23, 30%) also reported that the available pain
words “...weren’t very good to describe [pain]” (ie, lack of
descriptiveness). Other participants (7/23, 30%) noted that it
was difficult to select the right words to express their pain due
to ambiguity (“what is difference between cool, cold,
freezing?”), the number of available options (“too many
choices”), and the presence of more than one relevant word
from certain subclasses. Last, participants (2/23, 9%) expressed
concern about potentially misrepresenting their pain to their
health care providers: “more fear of not describing your pain
properly with this test”.

The most commonly reported issues with the BPI were
communicating pain location using the body-manikin (2/11,
18%; “hard to pull out meaning”) and choosing intensity ratings
to describe pain (2/11, 18%; “hard time with pain numbers”).
Other reported difficulties included recalling pain over the last
24 hours (“hard to simplify pain”), reporting pain from multiple
sites (“varying intensities of pain from different injuries”), and
questionnaire design (“cumbersome to complete, too general”).
One participant also indicated a “fear of not explaining properly
what is happening”.

The most commonly reported issues with Pain-QuILT were
related to the virtual body-map (3/8, 37.5%). Specifically,
participants identified a need for orientation labels (left, right)
and to make it easier to isolate specific painful body areas (“hard
to find specific regions on [the] back versus a ‘paint’ tool,
because some pain radiates”). In addition, participants (2/8,
25%) indicated difficulty in choosing pain quality icons due to
“too many choices...sometimes it aches, sometimes it burns”,
and a dislike of using descriptors because “pain just hurts”.
Other participants (3/8, 37.5%) identified a “bug” in the software
related to an inability to remove icons that were mistakenly
added to the body-map.

Time to Complete
The mean time required by participants to complete a single
pain report using each tool was 4.2 minutes (SD 1.5) for the
MPQ, 4.0 minutes (SD 1.4) for the BPI, and 4.1 minutes (SD
2.2) for Pain-QuILT. There was no significant difference
between the tools in terms of time to complete, F1.4,44.8=0.13,
P=.81.
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Participant Preferences for Self-Reporting Pain
Overall, 16% (8/50) participants chose the MPQ as their
preferred method for self-reporting pain, while 14% (7/50) chose
the BPI, and 58% (29/50) chose Pain-QuILT. Four of the 50
participants (8%) indicated that they preferred the “other”
method of verbally explaining pain to their health care provider.
Finally, one participant (1/50, 2%) indicated an equal preference
between the BPI and Pain-QuILT.

Reasons for selecting the MPQ included a preference for paper
versus electronic pain reporting and greater perceived precision
in describing pain, for example, “[it has] words that exactly
indicate what is happening to [my] leg—bang on”.

Reasons for choosing the BPI included familiarity, the ability
to describe how pain changes over time, and ease of choosing
ratings on a set scale, for example, “[it] seems more easy to
answer personally. Fits the way that I speak”.

Explanations for choosing Pain-QuILT included greater ease
of use, ability to pinpoint different locations and types of pain,
preference for computer versus paper-based pain reporting, as
well as the visual language to express pain, for example, “[I
would] feel more confident being treated by a doctor if they
used this tool because [they] would know exactly what you are
feeling”.

Discussion

Previous Findings
Our previous work has established the acceptability, usability,
and content validity of Pain-QuILT in samples of adults with
central post-stroke pain [21], adults in the community with a
range of different types of chronic pain [22], as well as adults
and adolescents with arthritis pain [34]. Clinical feasibility
testing, the focus of the present study, is an important
stepping-stone toward widespread implementation of a new
assessment tool [35]. Our group has recently demonstrated
clinical feasibility of Pain-QuILT in the context of an
interdisciplinary pediatric chronic pain clinic among adolescents
aged 12-18 years [24]. The present study sought to extend these
findings by evaluating clinical feasibility of Pain-QuILT from
the perspective of adults attending an outpatient pain clinic for
treatment of chronic pain. This study included a comparison of
Pain-QuILT with standard methods of pain assessment.

Principal Results
As a tool for self-reporting pain, Pain-QuILT was rated as
significantly easier to use than the MPQ and BPI, which are
two of the most commonly used pain assessment tools in
research and clinical practice. Almost half (46%) of participants
reported difficulties in using the MPQ. Most of these difficulties
related to understanding the pain descriptors and finding
accurate words to express pain from a large number of options.
These findings of the present study are consistent with a
meta-analysis of 51 studies involving 3624 patients, which
found that most MPQ words (75%) are rarely endorsed by
patients to describe their pain [36]. Although the BPI was
associated with fewer reported difficulties, participants indicated
that its design was not conducive to reporting different

intensities of pain in different body sites. Numerous studies
have demonstrated that chronic pain is rarely confined to a single
body region [37-39]. For instance, in a study involving 2445
patients, Carnes and colleagues found that 73% experienced
pain across multiple body sites [37]. Among patients with low
back pain, only 13% experienced regionally isolated pain. In
terms of implications for pain assessment and management,
these authors concluded, “self-reported measures of multi-site
pain are problematic with pain measures that are site-specific.
Pain in other areas may render them less reliable and responsive.
Future intervention studies should consider recording other pain
sites to identify predictors of response to treatment” (p. 1170)
[37]. Overall, Pain-QuILT was associated with the fewest
reported difficulties among participants. Most of the identified
issues (75%) will be resolved in the next iteration of Pain-QuILT
software (eg, adding orientation labels to body map, fixing
“bug” related to deleting unwanted icons). Participant concerns
related to the changing nature of pain (“sometimes it aches,
sometimes it burns”) will be addressed in future longitudinal
studies, which will allow patients to use Pain-QuILT as a diary
to document symptoms as they occur. A major identified
strength of Pain-QuILT was the ability to record multiple sites,
types, and intensities of pain.

The average time required to complete each assessment tool
was less than 5 minutes. While there was no significant time
difference between the tools, it is important to note that patients
can enter Pain-QuILT data independently, while the MPQ and
BPI are usually administered by a health care provider in the
context of a clinic appointment. Moreover, Pain-QuILT data
are generated and stored in a digital format, while information
from MPQ and BPI must be manually transcribed into a
spreadsheet (paper or computer-based) in order to facilitate
tracking over time. Thus, Pain-QuILT has the potential to
increase efficiency of clinic appointments by (1) empowering
patients to self-report pain on their own time (eg, at home and/or
in the clinic waiting room), (2) providing health care providers
with digital summaries of tracked pain data to evaluate and
inform their management plan, and (3) standardizing the
assessment of pain outcomes for use across multiple providers.

Given the inherently personal nature of pain, it is important to
consider patient preferences regarding the most effective way
of expressing symptoms. The majority of participants (58%)
indicated positive preference for Pain-QuILT over alternate
methods. It is well recognized that patient engagement is a
critical factor in the successful management of chronic disease
[40]. In particular, effective doctor-patient communication is
known to enhance the health outcomes of pain management
[41]. The interactive and dynamic format of Pain-QuILT may
also help patients forge a stronger emotional connection to the
tool as a means for portraying and conveying their pain
experience, compared to static questionnaires. Moreover, there
is a growing body of literature documenting the rise of
“self-tracking” among people living with chronic illness. A
recent Pew Research Center report found that 40% of adults
with 1 chronic condition and 62% of adults with 2 chronic
conditions currently self-track their symptoms [42]. In terms of
patient benefits, respondents indicated that self-tracking
influenced their overall approach to maintaining health (56%),
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prompted them to ask their doctor new questions (53%), or
influenced a treatment decision (45%) [42]. Thus, by providing
a user-friendly method for communicating with health care
providers and self-tracking painful symptoms, Pain-QuILT may
encourage greater patient involvement in the long-term
management of their own disease.

There is a growing number of patient-oriented mobile
applications (apps) designed to aid the self-tracking of pain. In
2011, Rosser and Eccleston identified 111 pain management
apps, of which 24% included a self-monitoring function [43].
A more recent scoping review, conducted in 2013, identified
224 pain apps, of which 14% allowed users to self-track their
symptoms [44]. Unfortunately, both studies identified major
limitations in the current field of pain apps, including a lack of
formal evaluation and limited involvement of health care
professionals and patients in their development. Pain-QuILT
has been iteratively evaluated and refined through consultation
with patients as well as health care professionals and thus has
potential to address these identified gaps in the field, as one
component of chronic pain management.

Given that participants were asked to self-report their current
pain using three different methods, we expected to observe
consistency in reported pain. Using the MPQ, participants were
presented with a choice of 46 qualitative descriptors across 11
subclasses. Interestingly, the most frequently chosen MPQ
words were consistent with the icon descriptors on Pain-QuILT.
This relationship was independent of the order of tool
assessment. Pain-QuILT icons and word descriptors have been
iteratively refined based on patient interviews to ensure that
they are representative of the pain experience. The observation
that the icons correspond with the most frequently endorsed
MPQ descriptors provides further evidence of validity. In terms
of pain intensity scores, we examined correlations between
Pain-QuILT (body site-specific pain scores) and the BPI (single
global score for current pain). There were high correlations
(r≥.70) observed between BPI score and (1) the calculated
average pain score across all body sites, and (2) the single
highest reported pain score across all body sites. There was also
a moderate correlation (r=.55) observed between BPI score and
the single lowest reported pain score across all body sites. Along
with our previous pediatric study, which compared Pain-QuILT
scores with a verbal NRS (r=.61), the current data provides

further evidence of convergent validity. Importantly, in terms
of clinical usefulness, we suggest that the greater level of detail
elicited by Pain-QuILT may help inform pain management
strategies (eg, observing how treatment affects pain quality and
intensity scores within specific body sites) more than a single
global intensity score.

Limitations and Future Directions
The present clinical feasibility study was conducted at a single
interdisciplinary pain management and rehabilitation clinic in
Southwestern Ontario. Although the organization and treatment
model of this site was consistent with other Canadian
multidisciplinary pain treatment facilities [45], we acknowledge
that future work is needed to evaluate clinical feasibility of
Pain-QuILT in other settings. Further, given the interview
component of this study, it was necessary for all participants to
be able to speak and read English. Although 38% of participants
spoke multiple languages, future work is needed to formally
evaluate Pain-QuILT in non-English speaking groups. Given
the visual nature of Pain-QuILT reporting, it could prove to
enhance pain communication for individuals with limited verbal
or cognitive skills.

Participants in this study completed only a single Pain-QuILT
report. Future work will evaluate whether patient perceptions
regarding ease of use and preferences, as well as time to
complete, are affected by repeated usage.

Conclusions
The results of this clinical feasibility study in adults with chronic
pain are consistent with our previously published pediatric
findings [24]. Specifically, data indicate that Pain-QuILT is (1)
easy to use, (2) quick to complete, (3) preferred by a majority
of adults with chronic pain, and (4) correlated as expected with
validated pain measures. As a digital, patient-friendly method
of assessing and tracking pain, we conclude that Pain-QuILT
has potential to add significant value as one standard component
of chronic pain management.

The tool will be licensed for clinical use and research studies
through the McMaster Industry Liaison Office [46,47]. Updated
information on availability will be provided on the author
website [47] and Twitter account (@PainQuILT).
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Abstract

Background: Active sharing in online cancer communities benefits patients. However, many patients refrain from sharing
health information online due to privacy concerns. Existing research on privacy emphasizes data security and confidentiality,
largely focusing on electronic medical records. Patient preferences around information sharing in online communities remain
poorly understood. Consistent with the privacy calculus perspective adopted from e-commerce research, we suggest that patients
approach online information sharing instrumentally, weighing privacy costs against participation benefits when deciding whether
to share certain information. Consequently, we argue that patients prefer sharing clinical information over daily life and identity
information that potentially compromises anonymity. Furthermore, we explore whether patients’ prior experiences, age, health,
and gender affect perceived privacy costs and thus willingness to share information.

Objective: The goal of the present study is to document patient preferences for sharing information within online health
platforms.

Methods: A total of 115 cancer patients reported sharing intentions for 15 different types of information, demographics, health
status, prior privacy experiences, expected community utility, and privacy concerns.

Results: Factor analysis on the 15 information types revealed 3 factors coinciding with 3 proposed information categories:
clinical, daily life, and identity information. A within-subject ANOVA showed a strong preference for sharing clinical information

compared to daily life and identity information (F1,114=135.59, P=.001, η2=.93). Also, adverse online privacy experiences, age,
and health status negatively affected information-sharing intentions. Female patients shared information less willingly.

Conclusions: Respondents’ information-sharing intentions depend on dispositional and situational factors. Patients share medical
details more willingly than daily life or identity information. The results suggest the need to focus on anonymity rather than
privacy in online communities.

(J Med Internet Res 2014;16(5):e126)   doi:10.2196/jmir.2684

KEYWORDS

online systems; cancer; privacy; confidentiality; Health 2.0; anonymity

Introduction

Overview
Sharing information through patient platforms offers new
opportunities for patients to learn about and manage their
condition. However, information sharing online also introduces

risks to patient privacy. There is a growing interdisciplinary
scholarship around privacy that seeks to define the concept and
construct systems to securely move data through a network.
But, to date, there is a lack of research on user preferences
concerning privacy and information sharing [1]. Building on
previous work in the area of information systems and sharing
[2-4], we propose and test a model for how patients think about
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sharing information online. We suggest that patients will be
most likely to share information when the benefits of doing so
outweigh the risks. This cost benefit analysis is dynamic and
varies according to who is sharing and the context of the
exchange. Therefore, we argue that sharing preferences are best
thought of in relational terms as a product of 3 factors: individual
characteristics, type of information, and the breadth of the
audience.

In this study, we look at the case of cancer patients and we
distinguish 3 types of information: clinical, daily life, and
identity information. We argue that although clinical information
is “sensitive,” it is most relevant to online health discussions
and, therefore, it is shared most easily. Daily life and identity
information are often shared in face-to-face conversations, but
impose greater risk to anonymity and are less relevant for online
health discussions. Therefore, they are shared less broadly.
Individual factors further impact willingness to share both
generally and around specific information types.

Background
Cancer rates are increasing across the developed world. In
America, the lifetime risk of developing cancer is now 1 in 2
for men and 1 in 3 for women [5]. As the population in America
and Europe ages, the cancer burden is expected to increase [6].

Cancer patients have a set of unmet psychosocial and
informational needs that change over the course of treatment
(for a review [7]). Although treatment needs near the time of
diagnosis are often met, long-term physical, psychological, and
psychosocial problems are given less attention [8]. The most
frequently reported unmet needs of patients include
psychological support [9,10], managing practical problems
related to daily living, fear of recurrence [9], and information
about genetics and the disease itself [11]. Studies also suggest
the importance of addressing quality of life issues, both for
improving survival rates (eg, [12]) and as a positive outcome
measure [13,14]. For many of these unmet needs, there is no
clear course of treatment or a “quick fix.” Rather, patients and
their families must learn to adapt, cope, and manage the variety
of issues that arise.

Websites and Health 2.0 platforms are well-positioned to address
these unmet patient needs. A growing set of engaged people,
or ePatients, go online to search for information and connect
with one another by exchanging health information and social
support [15,16] on a variety of platforms (see Figure 1).
Although findings are still mixed [17], a nascent body of
literature suggests that these exchanges help address the
otherwise unmet needs of cancer patients. In general,
peer-to-peer support provides informational, emotional, and
instrumental benefits [18]. For cancer patients specifically,
online communities help in a variety of ways, including
providing information on treatment and how to communicate
with physicians, and emotional support on how to cope with
cancer [19,20]. Despite some concern on the part of physicians,
involvement in online communities seems to complement rather
than replace the information and support coming from
professionals. Indeed, research suggests that peers provide
qualitatively different information [21] and support [22] than
medical experts. Online communities are available anywhere,

anytime, and potentially provide a place where sensitive topics
can be safely discussed. In fact, people with sensitive problems
who might have difficulty discussing these issues face-to-face
are more likely to participate in online communities than people
with conditions that are not stigmatized [23].

Active participation on online platforms appears to benefit both
individual members and the community at large. Although
passive viewing, or lurking, in an online community appears to
be helpful for cancer patients [24], active participation in online
communities has been linked to positive outcomes both online
and offline, including improved mood [25], greater perceived
online support, and offline improvements [26]. Perhaps more
importantly, the value of a platform is tied to the level of
user-generated content. Through sharing information and insight
online, active participants improve the quality of the community.
Therefore, it is important to promote active information sharing
for the good of the individual members and the community at
large.

Although Health 2.0 platforms present opportunities for patients,
they also introduce the possibility of privacy invasions that
could result in prejudice, decreases in economic opportunity,
and potentially a loss of health care coverage. Past research
suggests that concerns about privacy translate into online
behavior—privacy concerns remain a key barrier to sharing
information in online communities (eg, [27-29]). And privacy
is a primary reason people cite for simply collecting information
rather than actively participating online [30].

Despite the importance of privacy within online patient
platforms and the Internet in general, users’ preferences around
information sharing are not well understood. Although online
privacy is a rich interdisciplinary area of research, a literature
review reveals a lack of attention to users’ perspective in the
design of privacy tools [1]. A similar gap exists in health care.
Health care privacy research tends to treat privacy as a single
construct, with an emphasis on protecting patient information
to facilitate online exchanges. Most health care privacy research
focuses implicitly or explicitly on data security within clinical
systems, such as online electronic medical records and personal
health records for which there are both moral and legal
obligations to guard users from unintended harm (for a review
[31]). The existing research on patient perspectives on privacy
focuses on individual differences in willingness to share
information [27,32], thereby, implicitly treating all types of
information equally.

Legal and information systems research suggests that patient
preferences might be complex. Legal scholars, noting an
oversimplified use of the word “privacy” from the individual’s
perspective, have called for a more nuanced view—one that
acknowledges the variety of types of invasions to privacy and
examines the significance of privacy within a particular situation
[33]. For the purpose of this study, we use Westin’s concept of
privacy: the right to privacy is the individual’s ability to
determine when, how, and to what extent information can be
shared [34]. Related to the current work, research on consumers’
willingness to disclose personal information on retail sites
depends upon the nature of the information [35]. Building upon
this legal and privacy scholarship, we propose that preferences
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around sharing information in online health platforms are not
uniform; rather, they vary with types of information and
individual factors.

In particular, preferences may differ depending upon the
perceived benefit of sharing a particular type of information
with the anticipated audience. Within the context of
e-commerce, people seem to conduct a mental calculation
weighing the benefits against the costs of disclosing personal
information to the system before making a purchase; this mental
calculation has been labeled the “privacy calculus” [2]. In the
health care domain, research suggests that patients choose to
share information in situations when the expected value of
sharing outweighs the possible risks [29].

In the current study, we will focus on 3 types of information
sharing: clinical, daily life, and identity information. By clinical
information, we mean detailed medical data describing diagnosis
history, treatments, symptoms, and outcomes (eg, diagnosis
data, cancer type, treatment regimen). We suggest that clinical
information is pertinent to medical discussions and provides
benefits for the online experience. When clinical information
is shared without disclosing identity information (described
subsequently), clinical information imposes low privacy costs.
By daily life information, we mean information about
professional life and relationships (eg, marital status and
occupation). Although people may routinely share such
information in casual face-to-face conversations, daily life
information has marginal benefits for health conversations while
introducing intermediate privacy costs. Finally, by identity
information we mean information (eg, photo or personal email
address) with little relevance in discussions about patient
knowledge and psychological well-being, yet imposing high

privacy costs—especially in combination with disclosed clinical
information—by compromising user anonymity. Therefore,
when viewed from the calculation of users weighing
psychosocial and medical benefits against privacy costs, we
expect that although some pieces of information may be relevant
to more than one category, clinical information will be most
easily shared, followed by daily life information, and then
identity information.

In addition, we explore how personal characteristics and
previous experiences online affect intentions around information
sharing. First, intentions to share information may positively
relate to the value patients anticipate from using a particular
system and negatively relate to individuals’ privacy concerns.
Second, patients who have the highest expectation of life after
cancer (eg, patients who are younger and have a better
prognosis) may be the most reluctant to share health information
[36]. Third, several studies suggest that women perceive higher
online privacy costs than men [3,37,38], also in the context of
health-related information [39]. Consequently, women may be
less willing to share identity information than men.

In this study, we test patient preferences around privacy and
anonymity with the central argument that people will be more
interested in sharing information that is the stated topic of the
online community. Furthermore, we expect that the willingness
to share information depends on a combination of dispositional
and situational factors [32]. To evaluate these hypotheses, we
survey cancer patients interested in joining an online cancer
community. Patients report on demographics, health status,
expected utility of the forum, general privacy concerns, as well
as on their willingness to share different types of information
with different size audiences.

J Med Internet Res 2014 | vol. 16 | iss. 5 |e126 | p.208http://www.jmir.org/2014/5/e126/
(page number not for citation purposes)

Frost et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 1. Screenshots of various Web platforms available for peer-to-peer discussion of cancer, including general platforms for many types of conditions
including cancer (A and C), platforms for cancer specifically (B), and social media (D).

Methods

Participants
We recruited respondents through a website created to inform
the design of a Dutch patient platform for cancer patients,
Kanker.nl [40], and the platform’s Twitter feed (see Figure 2).
In total, 132 people completed the survey; 17 nonpatients were
excluded from the analysis, leaving 115 current or previous
cancer patients in the sample. The survey included the measures
reported subsequently as well as items on the desired features
of the Kanker.nl platform.

Table 1 displays the sample’s characteristics. Participants had
been diagnosed with a variety of cancer types, but 3 cancer
groups were most prevalent: leukemia, bone marrow, and
lymphoma (39.1%, 45/115); breast cancer (17.4%, 20/115); and
cancers that affect the digestive organs (9.6%, 11/115). On
average, the patients in the sample were diagnosed 6 (SD 6)
years before the survey was conducted in 2006. Of all
participants, 40.9% (47/115) were currently in treatment, 56.5%
(65/115) had completed treatment, and 1.7% (2/115) could no
longer be treated. The sample included more women (54.8%,
63/115) than men, and ranged in age (mean 52, SD 12, range
20-75).
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Table 1. Baseline characteristics of the respondents (N=115).

ResponseDemographic variable

Sex, n (%)

63 (54.8)Women

52 (45.2)Men

52 (12)Age (years), mean (SD)

6 (6)Years since diagnosis, mean (SD)

Most commonly reported cancer types, n (%)

45 (39.1)Leukemia, bone marrow, and lymphoma

20 (17.4)Breast cancer

11 (9.6)Cancers that affected the digestive organs and

Treatment status, n (%)

47 (40.9)In treatment

21 (18.2)Within 1 year of treatment

23 (20.0)With 5 years of treatment

21 (18.3)More than 5 years post treatment

2 (1.7)Not treatable

Figure 2. Screenshots of the Kanker.nl Twitter feed (A) and the subsequently released Kanker.nl home page (B).

Instrument Development
The study employs a combination of existing and self-developed
items (see Table 2). All items were translated into Dutch and
entered into a Likert scale of 1 to 7, unless otherwise specified.
Based on previous research demonstrating the reproducibility,
reliability, and performance of a single item health status
measure [28], we posed a single question asking respondents
to rate their health status (“In general my health is...” with
1=very poor to 10=very good). The perceived usefulness of the
future community was measured by using a question adapted
from previous work (“How useful do you expect Kanker.nl will
be for you?” with responses ranging from not at all to very
useful) [29,21]. Health information privacy concerns were

measured using 2 items (alpha=.84): (1) “I believe that
submitting health information on the Internet is...” with
responses ranging from not advisable at all to highly advisable
and (2) “Health information on the Internet, once submitted...”
with responses ranging from will not be misused at all to will
be misused for sure [29]. Prior negative experiences with
information sharing were measured using 1 item adapted from
work on trust and information sources (“When it comes to the
privacy invasion of health information, my online experience
could be characterized as...” with responses ranging from no
bad experiences to very bad experiences) [41]. Finally, patients
reported on their phase of treatment by choosing between a
closed set of options.
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Table 2. Sources and text for all items except demographic variables and treatment phase (translated from Dutch).

Response optionsItem(s)SourceConstruct

Poor to very goodOverall, my health status is...[42]Health status

Not at all to very usefulHow useful do you think kanker.nl will be for you?[29,41]Expected utility of the
platform

Not at all negative to very negativeMy experiences with privacy infringement on personal health
can be described as...

[23]Prior negative experience

Highly advisable/not advisable at allI believe that submitting health information on the Internet is...[23]Privacy concern

Will not be abused at all/will be abused
for sure

Health information on the Internet, once submitted...

Only with personal contacts/only with
members of the website/with all web-
site visitors

We are currently designing the privacy settings for Kanker.nl,
for each piece of information, please indicate which group you
would like to share it with

Self-devel-
oped

Intention to share infor-
mation

To assess intentions to share different types of information, we
asked participants about the breadth of the audience with whom
they would like to share. To approximate the real world setting
being studied, these questions were asked as if the respondents
were choosing privacy settings for an online community. This
community was described as a platform providing both expert
and patient-generated information as well as peer-to-peer
communication about cancer. Items were piloted in focus groups
for clarity [27]. The response categories ranged from a smaller
to larger audience, including (1) personal contacts, (2) members
of the site, or (3) all website visitors. Participants were asked
for sharing intentions with respect to 15 types of information:
sex, age, marital status, family situation, profession, place of
residence, province, picture, email address, patient status (ie,
labeled as patient), type of cancer, date of diagnosis, treatment
status, hospital, and clinician.

Using SPSS version 20 (IBM Corp, Armonk, NY, USA), we
conducted a varimax-rotated principal component analysis
(PCA), a variable reduction technique similar to factor analysis,
to cluster together highly correlating items out of the 15
assessed. The PCA produced 3 factors with eigenvalues >1
together accounting for 73.05% of the variance (factor 1:
50.48%; factor 2: 13.34%; factor 3: 9.24%). Items were retained
that loaded higher than 0.3 on their primary factor and had a
primary loading of at least 0.2 higher than any of their
cross-loadings.

Items pertaining to sharing clinical information (patient status,
type of cancer, date of diagnosis, treatment status, sex, and age)
loaded strongly on the first factor and were clustered together
in a scale (alpha=.94). Items relating to sharing information
about daily life (marital status, family situation, profession, and
county) loaded strongly on the second factor (scale: alpha=.90).
Items pertaining to sharing identity information (place of
residence, picture, email address) loaded strongly on the third
factor (scale: alpha=.78). Two items pertaining to sharing
information about specific hospitals and clinicians loaded
similarly on both the clinical and the identity dimension; thus,
they were not included in either scale. In addition to the 3
subscales, we constructed a scale for overall sharing intentions
of all 15 items (alpha=.93).

Results

A within-subject ANOVA showed that, consistent with our
expectations, clinical information was most broadly shared
(mean 2.32, SD 0.60, scale range 1-3), followed by daily life
information (mean 1.86, SD 0.66), and identity information
(mean 1.58, SD 0.56). The overall difference in intentions to
share the 3 types of information was significant (F1,114=135.59,

P<.001, η2=.93), as were the pairwise differences (all Ps<.001).
See Table 3 for item-based responses.

J Med Internet Res 2014 | vol. 16 | iss. 5 |e126 | p.211http://www.jmir.org/2014/5/e126/
(page number not for citation purposes)

Frost et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 3. Willingness to share items: frequencies, means, and standard deviations.

Mean (SD)Willingness to share, n (%)Type of information

With all website visi-
tors

Only with members of
the website

Only with personal con-
tacts

2.32 (0.60)Clinical information

2.38 (0.66)55 (47.8)49 (42.6)11 (9.6)Patient status

2.46 (0.64)62 (53.9)44 (38.3)9 (7.8)Type of cancer

2.21 (0.66)39 (33.9)61 (53.0)15 (13.0)Date of diagnosis

2.20 (0.68)40 (34.8)58 (50.4)17 (14.8)Treatment status

2.41 (0.67)59 (51.3)44 (38.3)12 (10.4)Sex

2.25 (0.75)50 (43.5)44 (38.3)21 (18.3)Age

1.86 (0.67)Daily life information

1.80 (0.80)27 (23.5)38 (33.0)50 (43.5)Marital status

1.80 (0.75)23 (20.0)46 (40.0)46 (40.0)Family situation

1.83 (0.78)26 (22.6)43 (37.4)46 (40.0)Profession

2.00 (0.71)29 (25.2)57 (49.6)29 (25.2)County

1.58 (0.56)Identity information

1.67 (0.68)14 (12.2)49 (42.6)52 (45.2)Place of residence

1.56 (0.70)14 (12.2)36 (31.3)65 (56.6)Picture

1.50 (0.64)9 (7.8)40 (34.8)66 (57.4)Email address

Noncategorized information

2.10 (0.67)32 (27.8)63 (54.8)20 (17.4)Specific hospital

1.90 (0.70)23 (20.0)57 (49.6)35 (30.4)Specific clinician

Table 4 shows the effects of individual differences on general
sharing intentions. The model includes variables previously
associated with differences in sharing preferences: expected
value of the overall platform, general privacy concerns, health
status, sex, age, and negative experiences online. Contrary to
expectations, expected value of the platform, general privacy
concerns, and sex (added as a dummy: male=–1, female=1) did
not significantly predict general sharing intentions. However,

results showed that prior negative experiences online (beta=–.43,
P<.001) had a strong negative effect on sharing intentions. Also,
older patients shared information more broadly than younger
patients did (beta=.11, P=.01), and patients’ health status had
a marginal negative effect on general sharing intentions
(beta=–.15, P=.07). The total regression model explained 25%

(R=.54, adjusted R2=.25) of the variance in intentions to share
identity information (F5,109=7.42, P<.001).

Table 4. Regression analysis: effects of interpersonal differences on cancer patients’ general information-sharing intentions on an online platform.

Pt 113BetaBPredictors

.320.99.08.04Expected utility of platform

.26–1.14–.10–.05General privacy concerns

<.001–4.97–.43–.21Negative experiences with online privacy

.012.63.22.11Age

.07–1.81–.15–.07Health status

.012.56.28.30Sex (dummy)

Table 5 focuses on the effects of individual differences on
intentions to share identity information. Contrary to
expectations, the expected value of the platform did not produce
the predicted positive effect. However, the effect of general
privacy concerns (beta=–.19, P=.047) and adverse experiences
with online privacy (beta=–.24, P=.008) negatively impacted
sharing intentions as we expected. Also, older patients (beta=.24,

P=.008) and patients with poorer health status (beta=–.26,
P=.003) had fewer problems disclosing identity information,
as did men (beta=–.19, P=.03). The total regression model

explained 20% (R=.49, adjusted R2=.20) of the variance in
intentions to share identity information (F5,109= 5.67, P<.001).
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Finally, an exploratory t test showed no differences in sharing
intentions for any information category between patients who

were either pretreatment or during treatment versus
posttreatment (all ts<1.24).

Table 5. Regression analysis: effects of interpersonal differences on cancer patients’ intentions to share identity information on an online platform.

Pt 113BetaBPredictors

.810.25.02.01Expected utility of platform

.047–2.01–.19–.08General privacy concerns

.008–2.68–.24–.14Negative experiences with online privacy

.0082.72.24.14Age

.003–3.03–.26–.15Health status

.03–2.17.19–.11Sex (dummy)

Discussion

Principal Findings
This work suggests that privacy concerns are not uniform and
depend on both individual and contextual factors. The privacy
calculus model argues that people share information if the
perceived rewards outweigh the perceived risks; as a result,
people are selectively willing to share different types of
information [2-4]. Although the selectivity in information
sharing may be intuitive, the pattern of results is not. In the
domain of patient platforms, the mental calculation about costs
and benefits differs from other domains of life. During
face-to-face conversations and in the context of generic online
social platforms, such as Facebook, people routinely exchange
names, ages, marital statuses, and professions. Yet, in the online
health environment, ePatients are more willing to share what is
often thought to be more sensitive health information. Platform
members log on to share expertise based on medical
experiences—details about their medical history and treatment
are central to the experience. Indeed, although information may
fit into more than 1 of the 3 identified domains, this study finds
that patients are more willing to share clinical information than
other forms of demographic and daily life information. Although
patients mentioned in interviews that they would like to share
daily life experiences with peers [36], the benefits of actively
sharing such information with others appears lower than the
benefits gained from sharing clinical information. As such, the
privacy costs of sharing daily life information may often
outweigh the possible benefits. In the case of identity
information, risks of losing anonymity exceed the possible gains
in the user experience and willingness to share is
correspondingly low.

Our findings are consistent with previous research on the impact
of prior experiences on willingness to share information [29]
and sex [28]. Prior negative experiences regarding online privacy
have a strong negative effect on patients’ intentions to share all
different types of information. Female respondents were less
willing to share identity information than their male counterparts
were. In general, women comprise the majority of social network
users and tend to actively participate in online communities at
a greater rate than men [43,44]. Yet, in this study and in previous
studies, women seem to be more concerned with being identified

than men. As a result, women are less willing to share
information that potentially compromises anonymity [28].

An interesting finding is that patients who may be more
concerned with their “life after cancer” (ie, younger patients
and patients with a better health status) are less willing to share
information with peers. This finding suggests that patients are
fairly pragmatic in assessing the risks involved with disclosing
information online. Although younger people tend to seek more
information when making health-related decisions [45] and,
therefore, may benefit more from an online community, the
risks that sharing information imposes on future opportunities
and possibly higher Internet literacy—including knowledge
about privacy-related issues—may prevent younger and healthier
patients from doing so.

Our results diverge from previous findings on the relationship
between the expected value of the online platform on sharing
intentions. This outcome suggests that patients do not associate
sharing personal information with general site benefits, such as
receiving more tailored peer feedback on their specific condition
or situation. Instead, when contemplating which information to
share with whom, patients may think about the value of that
information for specific exchanges or the benefit of sharing that
information for peers; that is, they could be considering to what
extent specific types of information may benefit a particular
online conversation or other community members. Also, our
results showed that general privacy concerns hamper sharing
intentions only with respect to the specific category of identity
information and not with respect to general sharing intentions.
This outcome further supports the notion that all information
sharing is not equal.

Limitations
In this study, we examined intentions and preferences around
sharing information within an online patient community through
a survey. A basic limitation of our approach is the hypothetical
nature of the questions asked. Respondents were recruited from
a group of people interested in joining an online patient platform
and the questions about privacy resembled those asked in an
online community. However, our survey was conducted outside
the context of such an online community, and asked for potential
users’ sharing intentions rather than measuring actual sharing
behaviors. In other settings, people routinely deviate from stated
privacy preferences in their actual behavior [46]. Although
patients may perform a cost benefit analysis when they are
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thoughtfully contemplating privacy settings in a survey, people
may behave differently in actual online communities.

A second limitation to the study concerns the sampling of
respondents. The respondents were members of an online panel
of people interested in joining a new patient platform and
volunteered for the study. As such, these particular individuals
may have a higher level of Internet literacy than the patient
population at large. Still, this sample seems representative of
the population likely to participate in current and emerging
online communities; indeed, most of our respondents expressed
a desire to participate in the Kanker.nl platform.

Future work could examine the role of additional factors that
influence sharing intentions and study sharing behavior directly.
Emotional drivers (eg, fear, shame) may impact willingness to
share within a peer-to-peer environment [47], complementing
the more rational cost-benefit approach presented in the current
research. Prosocial behavior and willingness to disclose
information is associated with peers who do the same [48].
Through this process of disclosure, norms of trust may emerge.
Consequently, future research could also look into reciprocity
as a driver of willingness to share.

Conclusions
The current study extends our understanding of patient privacy
preferences by disaggregating the notion of privacy concerns.

Different types of information pose different concerns, and
different users have different concerns. Because of continual
changes in technology and the user base of online health
communities, understanding privacy concerns and sharing
behaviors from a patient perspective is an ongoing process.
However, such understanding is crucial to optimize the positive
effects online health communities have on well-being.

This work has implications for designing online communities.
Research shows that in many patient populations (eg,
posttreatment patients) there are clear benefits to reading and
reviewing content from online communities [24]. Several types
of Health 2.0 platforms and communities now exist, some of
which protect identity to such an extent that patients can only
log on individually to access medical records, maintaining
confidentiality (eg, Kaiser Permanente’s My Health Manager
and the Mayo Clinic’s Patient Online Services), whereas others
piggyback on existing social networks with no pretense of
anonymity (eg, Genentech’s Circle of Support App for breast
cancer patients and the Cancer Sucks! community on Facebook).
The current research suggests an intermediate solution. To align
with patient preferences, systems should guard anonymity while
facilitating clinical information sharing.
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Abstract

Background: Early and effective identification of developmental disorders during childhood remains a critical task for the
international community. The second highest prevalence of common developmental disorders in children are language delays,
which are frequently the first symptoms of a possible disorder.

Objective: This paper evaluates a Web-based Clinical Decision Support System (CDSS) whose aim is to enhance the screening
of language disorders at a nursery school. The common lack of early diagnosis of language disorders led us to deploy an easy-to-use
CDSS in order to evaluate its accuracy in early detection of language pathologies. This CDSS can be used by pediatricians to
support the screening of language disorders in primary care.

Methods: This paper details the evaluation results of the “Gades” CDSS at a nursery school with 146 children, 12 educators,
and 1 language therapist. The methodology embraces two consecutive phases. The first stage involves the observation of each
child’s language abilities, carried out by the educators, to facilitate the evaluation of language acquisition level performed by a
language therapist. Next, the same language therapist evaluates the reliability of the observed results.

Results: The Gades CDSS was integrated to provide the language therapist with the required clinical information. The validation
process showed a global 83.6% (122/146) success rate in language evaluation and a 7% (7/94) rate of non-accepted system
decisions within the range of children from 0 to 3 years old. The system helped language therapists to identify new children with
potential disorders who required further evaluation. This process will revalidate the CDSS output and allow the enhancement of
early detection of language disorders in children. The system does need minor refinement, since the therapists disagreed with
some questions from the CDSS knowledge base (KB) and suggested adding a few questions about speech production and pragmatic
abilities. The refinement of the KB will address these issues and include the requested improvements, with the support of the
experts who took part in the original KB development.

Conclusions: This research demonstrated the benefit of a Web-based CDSS to monitor children’s neurodevelopment via the
early detection of language delays at a nursery school. Current next steps focus on the design of a model that includes pseudo
auto-learning capacity, supervised by experts.

(J Med Internet Res 2014;16(5):e139)   doi:10.2196/jmir.3263
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Introduction

The early detection of neurodevelopmental disorders in
childhood is a key task to support diagnosis and treatment
processes [1,2]. The substantial role of language development,
from zero until the age of 6 years, strongly influences
communication and social skills in children and adults [3,4].
Furthermore, experience shows that language acquisition delays
do influence social and behavioral attitudes, lack of school
readiness [5], school exclusion [6], future academic problems
[7], neuropsychiatric disorders [8], and poor employment [9].
Although diverse medical procedures aim to support the
detection of neurological disorders in children [2,10-12], there
is a lack of adoption at the primary pediatric care level, as it
requires too much time and specialized knowledge [13].

Estimates of disability predominance in childhood vary due to
differences in definition and the wide range of methodologies
and existing measuring instruments [14]. The World Health
Organization (WHO) and the World Bank declare, in their
report, “World report on disability”, that many cases of children
with disability are still not identified and do not receive
diagnosis or treatment services from health care entities [14].
Hence, early and effective identification of children with
developmental disorders remains a critical task for the
international community. Language disorders are frequently
the first symptoms of a possible developmental disorder [15].
The prevalence of language delays is the second highest within
common developmental disorders (1-19%) [16] and it is often
associated with negative long-term outcomes [3,17-19].

The mental health, social, and behavioral developmental needs
of very young children have gained awareness in the last 10
years [1,20,21]. Moreover, the acquisition of communication
skills is essential for all students due to its direct impact on
school success [22]. Thus, the early detection of developmental
disorders in early childhood may facilitate the necessary
diagnosis and/or treatment actions [13], as well as the early
adoption of educational recommendations and activities for
professionals and parents.

Most children achieve good verbal communication by the age
of 3 years [3,23], although language acquisition level has a
variable range within a target population. Hence, the availability
of an effective language development CDSS may facilitate early
identification of these types of disorders before the age of 3
years. Both primary care and education professionals can play
a valuable role in early detection during their regular interactions
with a child. Unfortunately, the lack of resources to perform
individualized exhaustive evaluations of all children makes the
use of efficient and reliable methods of detection necessary [4].
So far as this is concerned, diverse studies demonstrate that
teachers can identify pupils with language difficulties, with
sufficient precision and sensibility, if they have been provided
with a guide or suitable orientation [24,25].

Ygual et al discovered a significant correlation between
teachers’observations and criteria scores on intelligibility, literal
understanding of sentences, grammatical expression, and lexical
richness [4]. The research published by Wilson et al [3]
reinforced the argument that early interventions can affect

long-term outcomes, and concluded that language delay is not
easily predictable from available risk factors. Therefore, it is
not possible to foresee whether a child will have a language
delay at 30 months and the identification of this disorder would
require direct clinical contact with all families [3]. The evolution
of the effectiveness of this kind of solution has been
demonstrated for years, as initially explored by Miller 20 years
ago [26], and surveyed by Berner and Maisiak in 1999 who
concluded that a CDSS can function both to confirm and to
broaden physicians’ diagnostic thinking [27].

The main objective of this research was to evaluate the
deployment of a Web-based system for efficient screening of
language disorders at the early stages of a child’s development.
The implemented solution is a Clinical Decision Support System
(CDSS), called “Gades”, whose use was widely tested in a
nursery school. This paper discusses the results obtained from
the Gades validation to provide professionals with real-time
knowledge on early identification of 146 children with possible
language disorders. The previous publication of Gades’ user
requirements, implementation, deployment, and validation
showed high success from a usability point of view [13].

The development of a knowledge base (KB) [28], needed to
build the CDSS, relied on incremental interactions and
refinement with the experts community. A set of 41 retrospective
cases of children, treated over 15 years at the Language
Intervention Center (LIC) of La Salle University, Madrid, helped
to fine-tune the questions in the KB, starting with well-accepted
neurodevelopmental tests.

Methods

Gades Knowledge Base
Gades KB is based on an ontology that integrates a child’s
language acquisition information according to age. It has over
100 rules to generate alerts and/or alarms in case deviations
from the child’s development stage are detected. The initial
version of Gades KB was built between September 2011 and
April 2013, according to the experience of a multidisciplinary
team. Two language therapists, a neuropediatrician, a
neonatologist, and three engineers supplied inputs for Gades
KB, updating original versions of the Denver Developmental
Screening Test. The team used CommonKADS (CK)
methodology [29], to design and develop a decision support
system based on the knowledge extracted from human experts
and its required codification for system processing [29]. The
baseline of Gades KB was Denver Test, as it is widely accepted
in primary pediatric care [30]. The Gades KB takes advantage
of the monthly structured questions of Denver. Each of the items
of Denver represent the mean of the language development for
each month of the child’s life. The first version of the KB
included 136 questions, from month 1 to month 72. These
questions belong to two main categories: (1) questions called
“Alert Milestones” that recommend a visit to the pediatrician.
A negative answer to these developmental items means that the
child should make a regular follow-up visit within 3 months to
re-evaluate the level of language acquisition, and (2) questions
called “Alarm Milestones”, that suggest direct referral to a
specialist in language disorders.
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The Gades KB evaluates four areas of speech and language
development: Sensory Reception (SR), Speech Perception (SP),
Speech Production (SPD), and Pragmatic (P). The Gades system
relies on Gades KB to support early detection of language
disorders.

Gades Clinical Decision Support Web-Based System
The Gades system aims to enhance early detection of children
with language disorders. Its evaluation process involved 146

children attending Legamar Nursery School. The Gades KB
integrates all the knowledge and logic associated with the
decisions supported by the system. The potential outcome is
the suggestion of early referral to specialists if a child under 6
years old may have a language disorder. Figure 1 shows the
Gades Web interface whose home page includes the following
functionality: user authentication, language evaluation, and
results obtainment.

Figure 1. Gades home page and main functionality.

Gades Deployment and Evaluation Method
A Nursery School Language Therapist (NSLT), employed at
Legamar Nursery School, Madrid, evaluated the Gades system
in the spring of 2013. A total of 63 boys and 83 girls participated
in the study; 94 children from 0 to 3 years old and 52 children
in the 4-6 years stage. The number of enrolled children in the
0-3 years group was higher since the early detection of language
disorders is a research priority in this developmental period.
The entire staff of educators at Legamar observed and evaluated
the behavior of the children, by following the questions
suggested by Gades. The average age of the 12 teachers at
Legamar was 34 years old. All the educators and the NSLT
were women with little background in information technology.

The study started 6 months after the beginning of the school
year to ensure that teachers had enough information about their
pupils. Figure 2 shows the two stages of the methodology, with
the same NSLT in both. The first stage involved language
evaluation of all the children. The Gades KB helped the NSLT

to obtain questionnaires for every group of children who
participated in the study. Educators received the paper
questionnaires along with an initial training session. The NSLT
proposed child observation for one week before starting the
evaluation process. After the observation period, educators filled
out one questionnaire per child and gave them back to the NSLT.
The questionnaires provided by the educators with their
perceptions of the child enhanced the information acquisition
process and gave the NSLT better evidence for each child
enrolled in the study. The NLST updated the children’s data in
Gades to avoid usability problems or system interaction barriers.
In the second stage, the accuracy of the Gades results was
evaluated. The NSLT validated the results for each evaluation
and stated whether or not she agreed with the Gades evaluation.
The NSLT also checked the questions relating to the
aforementioned results. When the NSLT did not agree with the
Gades decisions, she analyzed the language areas evaluated by
the KB questions. Thus, the NSLT considered non-evaluated
language areas and proposed modifications in order to improve
the Gades KB.
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Figure 2. Evaluation method for early detection of language disorders.

Sex and Age of the Population Enrolled in the Study
Table 1 summarizes the population and number of language
evaluations carried out by age and sex. All children at Legamar
participated in the study and their distribution shows a higher
ratio of girls at all ages (except the age of 5 years where there
were more boys). Overall, 56.8% (83/146) of evaluated children
were girls and 43.2% (63/146) were boys.

In terms of age, the number of subjects involved in the study at
age 3 was higher (48 children from the sample of 146 subjects),
since there was a higher number of children enrolled at nursery
school at this age. From a prevention point of view, the detection

of language disorders before the age of 3 years is a key issue
as it directly influences the Quality of Life related to Health
(QoLrH). Hence, 100% of the children between 0 and 3 years
at Legamar participated in the research. However, only 37.1%
(52/140) of the children between 4-6 years were included, as
early detection is not significant at this stage. In the 0-3 years
stage, a population of 94 children participated in the study, and
the distribution of children who attended the nursery school
was 59% (55/94) girls and 41% (39/94) boys. In the 4-6 years
stage, 52 children of the nursery school received language
evaluation by Gades: 54% (28/52) were girls and 46% (24/52)
were boys.

Table 1. Number of language evaluations conducted by age and sex.

TotalYear 6Year 5Year 4Year 3Year 2Year 1

63314720145Boys

83681428216Girls

14692221483511Total

Results

Overview
The following section details the language evaluation results,
obtained from the feedback supplied by the NSLT and teachers
who participated in the research. Table 2 relates the global
results extracted from the evaluation of 146 children with the
Gades decision acceptance ratio, classified by developmental
stages and years. The NLST accepted 122 cases resulting in an
84% success ratio. This ratio is even higher at the 0-3 years
stage, where 87 cases (93%) were accepted from a total of 94.
The NSLT disagreed with the Gades outcome in 24 cases (16%).
The higher concentration of this non-acceptance ratio focuses
on the 4-6 years stage (17/24). As previously noted, the NLST
agreed with the decision in 87 cases at the 0-3 years stage and
rejected Gades outcomes in 7 cases (7%). The successful cases
reached a total of 35 children in the 4-6 years stage with 17
decisions requiring additional review. The total number of cases
between years 5 and 6 is lower, with 9 evaluated children, since
the experiment did not include children who had reached 6 years
old before the spring term. The ratio of non-accepted decisions
is too high at this stage (8/9), which suggests the need to

improve the sample and KB for this group. The best Gades
outcomes happened in the 25-36 months group where the NLST
positively accepted all the suggestions (48). Table 2 provides
further details with absolute and comparable relative data.

Although the NSLT agreed with all the questions for several
months, she pointed out the need to refine the KB in order to
improve Gades’ decisions. For example, discrepancies arose
between Gades’ decision and the NSLT—the therapist
recommended postponing some questions, which are not yet
required for some months in the second year. At years 4, 5, and
6, the NSLT requested adding questions related to the
articulation of the language and pragmatic ability. The KB
refinement will require cooperation between the NSLT at
Legamar and other speech therapists.

A key result obtained from the Gades evaluation was the
identification of possible language delays in 7 children who had
not previously caused alarm to either the NSLT or his/her
educator. These cases require a formal diagnosis process in
order to compare the system’s decision with traditional methods.
These children had been enrolled for a few months at Legamar
and the speech therapist had not noticed any delays. Table 3
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summarizes the decisions provided by the NSLT after the formal
evaluation.

The NSLT identified discrepancies in cases 1, 2, and 3,
described in Table 3, between the behavior observed in the
school environment and the behavior confirmed by parents. A
typical explanation is the deviation of the linguistic functionality

of some children, mediatized by the difference between the
language used at the school and the one used at home by the
family. The reliability of the observation, carried out by parents
or relatives, always needs to be checked to avoid subjective
approaches. Gades’ outcomes led to the initiation of early
therapeutic actions at Legamar in cases 4 to 7.

Table 2. Number of language evaluations performed and therapist decisions.

Number of cases where NSLT did
not accept Gades decision (%)

Number of cases where NSLTa accept-
ed Gades decision (%)

Total number of casesYear (age)
of the child

Months of
the ques-
tions

Stage

0 (0.0)11 (100.0)11Year 10-120-3
years

7 (20.0)b28 (80.0)35Year 213-24

0 (0.0)48 (100.0)48Year 325-36

7 (7.4)87 (92.6)94Total

8 (38.1)c13 (61.9)21Year 437-484-6
years

1 (4.5)c21 (95.5)22Year 549-60

8 (88.9)c1 (11.1)9Year 661-72

17 (32.7)35 (67.3)52Total

24 (16.4)122 (83.6)146Total

aNLST: nursery school language therapist.
bThe age in months of some questions is incorrect. Therefore, the NSLT believed that some questions should be delayed.
cIncorporating additional questions related to the articulation of language and pragmatics is required.

Table 3. Decision of the NSLTa on 7 new cases of children with possible language delays.

NSLT opinionAge and sex of the childCase

She walked at 19 months and she is very shy and inhibited.

She was referred to motoric stimulation.

Four month after the Gades evaluation, the observation process continues because she is still in process of
adaptation.

21 months – Girl1

She was brought to early attention. She was detected with a motor delay.18 months – Girl2

She had begun motoric treatment with 8 months.

After Gades evaluation she started speech therapy treatment.

26 months – Girl3

After Gades evaluation she started speech and language intervention.34 months – Girl4

After Gades evaluation he started speech and language intervention.39 months – Boy5

After Gades evaluation he started speech and language intervention.36 months – Boy6

After Gades evaluation he started speech and language intervention.

The NSLT suggested that he is a child with family problems that may have affected the delay.

42 months – Boy7

aNLST: nursery school language therapist.

Knowledge Base Accuracy
The NLST accepted Gades’decisions in 93% (87/94) of the 0-3
years cases and 67% (35/52) at the 4-6 years stage. Figure 3
shows that disagreements with Gades’ decisions are higher in
the 4-6 years stage where the NSLT indicated that some of the
KB questions should be reviewed. The results comparison led
to a total accuracy ratio for Gades KB of 84% (122/146). A total
of 24 cases from the 146 sample set a 16% non-acceptance ratio
to be reduced with further KB refinement. The NLST and
experts consider that a golden pattern for Gades KB accuracy

of 95% will be achieved after the ongoing review of pragmatic
and language articulation items.

Figure 4 compares the acceptance of Gades’ decisions in years
1 to 6. The area representing the therapist’s agreement with the
GADES system is greater than the area that expressed her
disagreement. Years 1 and 3 reached a 100% acceptance ratio
and year 5 up to 95%. The NSLT did not accept some Gades
decisions at the fourth and sixth year, due to lack of agreement
with some of the KB questions. The NSLT acceptance ratio of
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80% of Gades decisions at year 2 has led to a recent update of
the KB to enhance the system outcomes at this stage.

The accuracy of the KB questions after the language evaluation
process at Legamar is grouped by year in Table 4. The second
and third columns show the age range in months and the
corresponding number of evaluated questions for each age range.
The KB should have a minimum and necessary set of questions.
The group of experts, who participated in the KB construction,
stated that a range of 3-8 questions per month may be enough
to achieve early detection of language disorders. Thus, the
desired maximum number of questions in this range would be
48 (8 questions per month as a maximum) and this value is not
reached in any group. The current version of the KB has a small
number of questions for each month.

There are more questions at the 0-3 years stage, because early
detection of language disorders is critical at this developmental
period. The child evolves very quickly at this stage and the KB
requires higher accuracy to analyze the evolution status. There

are not questions for all months in the 4-6 years stage, because
the therapists determined during the process of KB construction
different age ranges to support a specific assessment. Questions
are structured according to evaluative items at 42, 45, 46, 48,
54, 60, 66, 69, and 72 months.

The fourth column of Table 4 indicates the language
development areas, evaluated by the KB questions. Finally, the
last column details the opinion of the NSLT about the evaluated
areas: correct questions or questions to be added, according to
the KB for each year.

The NSLT indicates that the separation between speech
perception and pragmatic is minimal. Besides, pragmatic
disorders often coexist with other language problems such as
vocabulary development or grammar. Pragmatic problems have
lower social acceptance. The NSLT considers that the correct
evaluation of pragmatics is important to avoid, or to treat as
early as possible, a future neurological disorder.

Table 4. Accuracy and refinement of the knowledge base questions.

NSLTa opinionEvaluated areasNumber of KB
questions

Months of the questionsYear of the ques-
tions

Questions OKSRb - SPc - Pd180-6Year 1

Questions OKSP - SPDe - P237-12

Questions OKSP - SPD - P1713-18Year 2

Disagree with some questionsSP - SPD - P1819-24

Add questions of PSP - SPD1325-30Year 3

Add questions of PSP - SPD1031-36

In SP more questions of articulation language

More questions of P

SP - SPD - P537-42Year 4

Questions OKSP - SPD - P1143-48

In SP more questions of articulation language

Add questions of P

SP - SPD349-54Year 5

Add questions of PSP - SPD - P455-60

Add questions of SP and SPDSP - SPD - P361-66Year 6

Questions OKSP - SPD - P967-72

aNSLT: nursery school language therapist
bSR: sensory reception
cSP: speech perception
dP: pragmatic
eSPD: speech production
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Figure 3. Knowledge base accuracy by stage.

Figure 4. Knowledge base accuracy by age of the child.

Evaluations Percentage by Result and Sex
Figure 5 illustrates that the percentage of alerts suggesting a
pediatric visit is equal in both sexes. Despite having fewer
language evaluations of boys than girls, it is remarkable to have
a higher percentage of normative results (OK) for girls than for
boys. Besides, most of the alarms, implying immediate referral
to a specialist, occur for boys.

The language evaluation identified a total of 88 cases with a
normative result (OK), a total of 35 cases with a referral to a
specialist (Alarm), and a total of 23 with a follow-up pediatric
visit (Alert). According to the sex of the child, a total of 83 girls
were evaluated with the following results: 13 cases (16%) with
Alarm, 17 cases (20%) with Alerts, and 53 (64%) cases with
OK. A total of 63 boys were evaluated with the following
results: 10 cases (16%) with Alarm, 18 cases (29%) with Alerts,
and 35 cases (56%) with OK.
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Figure 5. Evaluations percentage by result and sex.

Evaluations Percentage by Result and Age
There were more language evaluation cases of children with
normal development (OK) in the third year as Figure 6
illustrates. However, there were no abnormal language
evaluations in the sixth year. A large percentage of language
evaluations during the sixth year were referrals to a
neuropediatrician or early attention (Alarm). This is due to the
fact that there was a question that none of the children
satisfactorily answered, which justifies the need to refine the
KB before conducting new language evaluations with children
or evaluations in the primary care real environment.

The maximum number of language evaluation cases of children
with an Alert happened in the second year. The percentage of
Alerts in years 1, 2, and 3 is higher than in years 4, 5, and 6.

The higher percentage of Alarms at the 4-6 years stage is not
significant because the NSLT detected some semantic mistakes
in some KB questions. The current refinement of the KB is
taking into account the opinion of the group of experts who
originally participated in the KB construction and the evaluation
results of Gades presented in this work. For this reason, the KB
questions will not be reviewed until they can include the review
from all experts, according to the analysis of the results of the
Gades evaluation process summarized in Tables 2 and 3. After
this, the modifications suggested for the KB refinement process
will be adopted and a second evaluation process will be triggered
with two more enrolled schools. Thus, some enhancements are
expected in the NSLT acceptance of Gades according to the
suggested refinement proposed to the system for years 4, 5, and
6.

J Med Internet Res 2014 | vol. 16 | iss. 5 |e139 | p.224http://www.jmir.org/2014/5/e139/
(page number not for citation purposes)

Martín Ruiz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 6. Evaluations percentage by result and age.

Discussion

Principal Findings
Although previous studies relate positive experiences about the
educator role in the process of language acquisition [4,31-38],
the real impact of CDSS needs a deeper discussion. The
adequate formalization of knowledge acquisition about
associated symptoms in certain contexts conditions the reliability
of Gades ontology, created for early detection of language
disorders. The results obtained in this research, acquired from
the input of 12 educators at the Legamar school, are consistent
with the approach of Ygual-Fernandez et al, which supports
feedback from nursery school educators to validate the decisions,
as triggered by Gades. System outcomes validated in this
research do align with recent studies like [39], which reinforce
the use of computers, handheld, and mobile devices to provide
instant access to extensive amounts and types of suitable
information for health care professionals.

Language evaluation performed by Gades is consistent with the
higher incidence of language impairment between boys and
girls identified in scientific studies [3,40]. This research did not
start from an equal ratio of male and female populations because
it assumed the unbalanced gender distribution of the whole
population of the targeted nursery school. However, the size of
the sample (146 children) provided Gades with the capacity to
support a significant aggregation of the results for both age and
sex. The continuity of the training period, carried out for 3
months by the speech therapist with the educators, positively
influenced their acceptance of Gades procedures and
observations. This step-by-step methodological approach helped
to foster the results obtained, which were ultimately able to
successfully indicate the existence of language disorders in
children.

The higher accuracy of Gades at 0-3 years than at the 4-6 years
stage is directly related to the research rationale that gave
priority to earlier and more precise detection of language
disorders from 1 to 3 years old. This outcome does not invalidate
the use of the system from 4 to 6 years old but paves the way
for better performance at this stage after the KB refinement.
Furthermore, the comparison between Gades’ results and the
expert’s feedback shows that linguistic functionality from 30
months cannot be clearly formalized though a specific item.
The NSLT pointed out the need to enhance the analysis of
pragmatic skills at each contextual scenario from 3 years
onward. The deeper specific review of Gades KB, including
more specific questions of pragmatic evaluation, will require a
second wide scale evaluation to measure the improvements of
effectiveness and reliability for language evaluation results in
the 4-6 years stage.

The definition of two incremental phases in the evaluation
method of Gades’ capacity for early detection of language
disorders helped to provide users with requested information
packages at the stage of need. The design of traditional
questionnaires for parents and teachers, adapted from Gades
KB, made it easier to assess the language use of the child in
different interaction environments [32]. For example, the
information offered by parents and teachers through the
Children’s Communication Checklist (CCC) demonstrated good
sensibility and determined pragmatic difficulties that children
might present such as autism, attention-deficit/hyperactivity
disorder (ADHD), conduct disorder, Williams’s syndrome, and
Down’s syndrome [4].

Limitations
The early detection of language disorder tools has
well-documented limitations in the specialized literature [4],
such as: (1) subjectivity of the person who completes the
questionnaire or scale of values [33], and his/her previous
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knowledge or specific training in relation to linguistic skills;
(2) inconsistencies between the teacher’s observations and the
child’s capacity in evaluation tests [34,35], due to possible
differences in the child’s linguistic conduct in spontaneous daily
situations and to his/her execution during a formal evaluation,
characterized by a major inflexibility [36]; and (3)
trustworthiness of the predictive power of the questionnaires
used due to the fact that they depend on the age of the children,
where the estimations of teachers seem to be less trustworthy
when smaller children are evaluated, in relation to the rapid
cognitive and behavioral changes that they try out in these early
ages [37,38].

The limitations of the aforementioned issues do not invalidate
the current research as a high number of studies verified the
existence of a significant correlation between the observations
of teachers with diverse linguistic skills and the punctuations
obtained by his/her pupils in different standardized evaluation
tests. All of them used questionnaires focused on general or
punctual aspects of linguistic processing as Gades inputs did
[4]. Other works have also reported teacher difficulty in the
detection of speech difficulties and a lack of sensibility for the
differentiation of difficulties in the speech domain in every
evolutionary moment [32].

Although the Legamar school is a private entity, its demographic
data show a realistic potential to scale up the trials and results
of this research to other public and private centers. It assists
children from middle-class families with a normal distribution
of gender, age, and parental income. The extrapolation of the
study to other classes in public or private schools does not
require methodological changes or a team of professionals to
be involved. A higher number of children with language delays
is expected to be obtained in a center where speech therapists
do not belong to the regular staff. If the school does not have
an NSLT, the method presented in this study cannot be applied
equally and the NSLT functionality could fall to educators or
another professionals.

Consulted language experts stated that the extrapolation of the
study to another region where other dialects or languages are
spoken may obtain similar results. Children all over the world
learn more than one language without developing speech or
language problems. Even though bilingual children develop
language skills just as other children do [41], the introduction
of a second language may slightly delay the acquisition
timescale. This "silent period" can sometimes last several
months. This is a normal evolution and the child will recover
the proper developing stage [41].

Finally, we have not detected false negatives in any stage (0-3
or 4-6 years). The false positive rate in stage 0-3 years has been
low. However, we had a high ratio of false positives in the 4-6
years stage. The NSLT detected the main causes of this ratio to
be related to semantic mistakes in the questions involved. We
are currently in a refinement process to solve this situation.

Conclusions
This research details an innovative solution to support
knowledge-based detection of language disorders in children
aged 0 to 6 years at nursery schools. The solution provides

nursery school educators with a monitoring tool to assess the
degree of language acquisition in their students. In spite of the
additional workload faced by the educators, the school highlights
the benefits of this type of monitoring for children.

The results of the evaluation at the Legamar Nursery School
show that several children identified by Gades as having a
possible language delay had not previously caused alarm to
either the school therapist or to his/her educator. Further, a large
number of children identified by Gades were also identified by
the NSTL, especially in the 0-3 years stage. These results lead
us to conclude that this kind of Web-based CDSS can undertake
early detection of language delays in children at a nursery school
with the support of their teachers, thus improving the
neurodevelopmental follow-up.

In the process of early detection of language disorders, it is
necessary to have not only a very specific knowledge, but also,
a capacity for suitable observation. Therefore, we can summarize
that Gades can be an effective CDSS for use by speech therapists
and school psychologists in the rapid detection of children with
difficulties in language development; Gades guides educators
in the observation required for detection and also promotes the
stimulation of skills aimed at diminishing and even preventing
the appearance of these disorders; and Gades can be a
collaboration tool involving parents and primary care
pediatricians in the process of language evaluation.

Other conclusions of this research suggest the need to include
supervised learning capacities in Gades. The learning
functionality requires the definition of a specific model that
allows a proper mix of automation and experts’ supervision.
Experts will be able to update Gades KB easily, taking into
account the suggestions triggered automatically by the system.
These suggestions will come from significant samples of real
use cases. The following complementary proposed actions will
improve the capacity of Gades detection in order to promote
better health status of children. First, questions related to
difficulties in the sound articulation domain can be incorporated.
There can be situations in which children do not have a problem
in language development, rather the problem derives from
difficulties with sound discrimination. These questions will be
studied by a multidisciplinary team of experts skilled in the
relevant areas. Second, complementary evaluation in other areas
outside of the school can be included. The observation capacity
of the teachers, though it is considerable, does not include all
aspects that would be desirable at the time of establishing a
proper diagnosis. To be able to analyze other contexts outside
of school, there is a version being adapted for primary care
pediatricians and analysis has also begun for a possible version
for parents. Third, new questions to improve aspects in the
language domain can be refined and added. In the 4-6 years
stage, the need for major refinement was detected in questions
related to the pragmatics. Currently, we are working on it with
the NSLT at Legamar.

Furthermore, the authors have defined a new concept called
“Internet of Toys”. It deals with the possibility of obtaining
information about the child’s development through his or her
natural interaction with toys. This new interaction paradigm
might provide Gades with the capacity to acquire real-time data
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in order to improve its reasoning performance. Thus, the system
could improve its effectiveness thanks to the very earliest
utilization of information related to the behavior of the child.

Data monitored via the expected interaction of children with
certain toys could enhance Gades’ reliability with more critical
information.
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CDSS: clinical decision support system
CK: CommonKADS
KB: knowledge base
LIC: Language Intervention Centre
NSLT: nursery school language therapist
P: pragmatic
QoLrH: Quality of Life related to Health (QoLrH)
SP: speech perception
SPD: speech production
SR: sensory reception
WHO: World Health Organization
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Abstract

Background: User-centered design (UCD) methodologies can help take the needs and requirements of potential end-users into
account during the development of innovative telecare products and services. Understanding how members of multidisciplinary
development teams experience the UCD process might help to gain insight into factors that members with different backgrounds
consider critical during the development of telecare products and services.

Objective: The primary objective of this study was to explore how members of multidisciplinary development teams experienced
the UCD process of telecare products and services. The secondary objective was to identify differences and similarities in the
barriers and facilitators they experienced.

Methods: Twenty-five members of multidisciplinary development teams of four Research and Development (R&D) projects
participated in this study. The R&D projects aimed to develop telecare products and services that can support self-management
in elderly people or patients with chronic conditions. Seven participants were representatives of end-users (elderly persons or
patients with chronic conditions), three were professional end-users (geriatrician and nurses), five were engineers, four were
managers (of R&D companies or engineering teams), and six were researchers. All participants were interviewed by a researcher
who was not part of their own development team. The following topics were discussed during the interviews: (1) aim of the
project, (2) role of the participant, (3) experiences during the development process, (4) points of improvement, and (5) what the
project meant to the participant.

Results: Experiences of participants related to the following themes: (1) creating a development team, (2) expectations regarding
responsibilities and roles, (3) translating user requirements into technical requirements, (4) technical challenges, (5) evaluation
of developed products and services, and (6) valorization. Multidisciplinary team members from different backgrounds often
reported similar experienced barriers (eg, different members of the development team speak a “different language”) and facilitators
(eg, team members should voice expectations at the start of the project to prevent miscommunication at a later stage). However,
some experienced barriers and facilitators were reported only by certain groups of participants. For example, only managers
reported the experience that having different ideas about what a good business case is within one development team was a barrier,
whereas only end-users emphasized the facilitating role of project management in end-user participation and the importance of
continuous feedback from researchers on input of end-users.

Conclusions: Many similarities seem to exist between the experienced barriers and facilitators of members of multidisciplinary
development teams during UCD of telecare products and services. However, differences in experiences between team members
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from various backgrounds exist as well. Insights into these similarities and differences can improve understanding between team
members from different backgrounds, which can optimize collaboration during the development of telecare products and services.

(J Med Internet Res 2014;16(5):e124)   doi:10.2196/jmir.3195

KEYWORDS

user-centered design; telecare; eHealth; participation; multidisciplinary team; barriers and facilitators

Introduction

The number of people who suffer from chronic conditions and
the number of elderly people are increasing, and at the same
time, the number of care professionals is decreasing [1]. The
gap between the demand for and supply of care that results from
these changes will put a burden on patients, care professionals,
and health care systems in the near future [2,3]. Telecare
products and services have the potential to alleviate this burden
by supporting self-management, remote monitoring of health
conditions, and the delivery of interventions [4-6]. The
appropriate adoption of telecare technologies can contribute to
the lives of patients with chronic conditions and elderly people
by improving their quality of life and enabling them to live
independently for as long as possible [7,8].

Unfortunately, previous studies show that telecare does not
always fulfill its potential because the telecare products and
services that are developed do not fit the needs and preferences
of end-users or because they do not fit the context in which they
should be implemented [9-12]. Involving end-users in the
development of telecare products and services can ensure that
human and non-technology issues are taken into consideration,
which improves the usability and acceptability of the technology
that is being developed [13-15].

Theoretical frameworks regarding user-centered design (UCD)
have been used as guidelines during the development processes
of telecare products and services [16-22]. Such frameworks take
into account important key principles of UCD, for example, the
development process should be iterative and incremental, the
end-users should be actively involved from early development
stages onwards, design options should be explained to end-users
in a language that they understand, the developed services and
products should be evaluated in a real life context, and the
development process should be performed by effective
multidisciplinary teams [23]. Previous studies revealed that
various barriers and challenges can occur during UCD processes
that can influence the collaboration between multidisciplinary
stakeholders. Examples of such barriers are communication
between team members from different backgrounds,
management of expectations, and availability of recourse for
the involvement of users [14,24,25].

Understanding how members of multidisciplinary development
teams with different backgrounds experience the UCD process
might help gain insight into factors that different members
consider critical during the development of telecare products
and services. Furthermore, it might reveal how they deal with
barriers and challenges they encounter. Therefore, the primary
objective of this study was to explore how members of
multidisciplinary development teams experienced the UCD

process of telecare products and services. The secondary
objective was to identify differences and similarities in the
barriers and facilitators they experienced.

Methods

Design and Participants
This qualitative study was conducted in parallel with four
(subsidized) Research and Development (R&D) projects that
were initiated by Maastricht University and/or Zuyd University
of Applied Sciences. The projects were selected because they
developed a variety of telecare products and services to support
self-management in different user-groups: patients with diabetes
or chronic obstructive pulmonary disease (COPD) [26-28],
patients with cancer pain, frail elderly people, or elderly people
living at home [29]. A prerequisite for project selection was
that end-users were considered official members of the
development team. Multimedia Appendix 1 provides information
regarding the four projects. Principle investigators of the projects
had a background in health sciences.

For this study, a purposeful sample of the “core members” of
the four development teams, who were involved throughout the
whole development process from the beginning onwards, were
invited to participate in a semistructured interview. Principle
investigators of each development team identified the core
members in consultation with their team and asked them whether
they would like to receive an invitation for this study via email.
The 25 core members were identified across the four R&D
projects: 3 elderly persons, 2 professional advisors of these
elderly persons (specialized in facilitation participation of elderly
persons during research projects), 2 patients with chronic
conditions, 1 geriatrician, 2 nurses, 5 software/technical
engineers, 4 managers of R&D companies or engineering teams,
and 6 researchers/principle investigators of the R&D projects.
All these potential participants received an invitation letter via
email from the researcher (JV) explaining the purpose and
details of this qualitative study. All invitees accepted the
invitation.

Procedures
After invitees agreed to participate, the interview was scheduled
at a place and time that was convenient for the participant. As
a result, 13 interviews were conducted at the university, nine
at the workplace of the participant, and 3 via Skype/telephone
call. The 6 participants of this study who were researchers or
principle investigators in one of the four R&D projects (JV,
RV, LMJH, SvdW, YPM, LdW) were interviewed by an
experienced external interviewer who was not involved in any
of the R&D projects described above. JV, RV, LMJH, SvdW,
and YPM interviewed the remaining 19 participants of this
study. All participants were interviewed by a researcher who
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was not involved in the same R&D project as the participant.
Interviews with members of development teams of Projects 1,
3, and 4 were conducted when final products were already
developed. Interviews with members of the development team
of Project 2 were conducted at a prototype stage. Interviews
were recorded using a digital voice recorder and lasted between
35 and 65 minutes. Average duration of an interview was 46
minutes.

All semistructured interviews were based on the following topic
list: the role of the participant in the project, the aim of the
project, experiences during the development process, points of
improvement for the development process, and what the project
meant to the participant. This topic list was established before
the start of the study and was not changed during the course of
the study. Interviewers used reflective listening techniques to
encourage participants to elaborate on their views. By reflecting
back to the participants during the interview what the interviewer
believed was said, the statements of the participant were verified
and/or clarified. By keeping an open posture and by emphasizing
at the beginning of the interview that there were no right or
wrong answers, participants were encouraged to share their own
personal opinions and thoughts. All participant answers were
kept confidential. To guarantee anonymity, the following terms
are used in this article to refer to the data obtained from certain
groups of participants:

• “End-user” refers to data obtained from an elderly person,
an advisor of an elderly person, or a patient with a chronic
condition (n=7).

• “Professional end-user” refers to data obtained from a
geriatrician or a nurse (n=3).

• “Engineer” refers to data obtained from a software/technical
engineer (n=5).

• “Manager” refers to data obtained from a technical project
leader or owner of an R&D company (n=4).

• “Researcher” refers to data obtained from a researcher or
principle investigator of the R&D projects (n=6).

Data Analyses
Once all interviews were conducted, they were transcribed
verbatim by two of the researchers (JV/RV) or a research

assistant. Afterwards, JV checked the transcripts against the
audio recordings. All transcripts were coded using NVivo
version 9.0. Field notes from the interviews were also included
in the analyses if they were available. Two researchers (JV &
RV) started analyzing the data using a conventional content
analysis approach. They independently coded six transcripts of
interviews that were conducted with members from different
development teams with different backgrounds. After initial
coding, the 2 researchers checked for consensus, and after
discussion, they agreed on the main themes and subthemes of
the coding scheme. This coding scheme was used by JV to
analyze the remaining interviews. If in doubt about whether
data from these remaining interviews fitted the coding scheme
or not, JV consulted RV. Themes and subthemes were refined
or extended based on the data from the remaining interviews to
be analyzed, and if necessary, new (sub)themes were added.
Once all transcripts were analyzed, the content of the themes
and subthemes of the coding scheme were discussed with the
research group that included all co-authors of this paper.
Consensus was reached on themes that were related to different
phases of the development process and subthemes that related
to barriers and facilitators participants experienced during these
phases. After completing the data analyses, findings related to
themes and subthemes were reported back to all participants
for a member check.

Results

Themes
The main themes that emerged from the analyses related to
different phases of the UCD process were (1) creating a
development team, (2) expectations regarding responsibilities
and roles, (3) translating user requirements into technical
requirements, (4) technical challenges, (5) evaluation, and (6)
valorization. Experiences of participants during these different
phases are described below. Tables 1 and 2 provide an overview
of which experienced barriers and facilitators respectively were
reported by which members of the development team, to gain
insight into differences and similarities.
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Table 1. Experienced barriers in the UCD process of telecare products and services according to different members of the development team.

Participant groupsa

BarriersTheme REMAENPUEU

XXXXXTeam members come from different backgrounds and therefore do not
speak the same “language” (use different terminology).

Creating a development team

XXXXXTeam members have different implicit expectations regarding project
management, tasks of team members, and delivery of content (especially
at the start of the project).

Expectations regarding responsibilities
and roles

XXXPrioritizing user-requirements with various stakeholders is more time
consuming than expected.

Translation of user requirements into
technical requirements

XXXIterative adaptations of user-requirements (especially in later stages) place
a serious strain on the budget/time of the project.

XXXXXIntegration of different technologies or platforms into one telecare service
is difficult (but necessary).

Technical challenges

XTime allowed for telecare development is short in subsidized projects
which causes problems with robustness in the real life setting and large
scale evaluation research.

XXXXThe commercial market is developing similar products at a rapid pace
which makes it difficult to keep up.

XXMembers of the development team are not the best evaluators because
they find their own “work-arounds” to avoid bugs (unaware).

Evaluation

XXXXXRecruitment of patients and professionals for the longitudinal evaluation
of the developed telecare products/services is time-consuming.

XXToo many different projects/devices are offered to potential end-users at
the same time.

XDifferent partners/companies who are involved have different ideas about
what makes a good business case.

Valorization

aEU=end-users, PU=professional end-users, EN=engineers, MA=managers, RE=researchers.
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Table 2. Experienced facilitators in the UCD process of telecare products and services according to different members of the development team.

Participant groupsa

FacilitatorsTheme REMAENPUEU

XXXXXTeam members recognize their complementary knowledge and skills,
which creates a team spirit.

Creating a development team

XXXXXTeam members agree that end-users should be involved in the development
team from the beginning of the development process.

XProject leaders and managers advocate that input of all team members
should be treated as equal.

XResearchers report back to end-user representatives about why their advice
was followed or not.

XXXResearchers visit team members at home/work (when team meetings are
not possible due to differences in schedules).

XXXXXTeam members voice expectations at the start of the project to prevent
miscommunication at a later stage (but this may be difficult due to the fact
that many expectations are implicit).

Expectations regarding responsibilities
and roles

XXXEngineers help researchers to translate user-requirements into technical
requirements to speed up this process.

Translation of user requirements into
technical requirements

XResearchers should take enough time to conduct small scale usability tests
and pilot studies before moving to large trials to improve technical func-
tioning and robustness.

Technical challenges

XXXXXProducts/services developed in the projects are easier to integrate in care
processes compared to off-the-shelf products.

XXXMembers of the development team evaluate prototypes in lab to identify
bugs and/or gain insight into experiences with the products/services.

Evaluation

XXCare professionals receive reimbursement for the increased workload that
comes with participating in an evaluation study.

XXStudy participants can be recruited via the network of the members of the
development team, especially via patient/elderly representatives.

XXAllocate part of the budget to the development of a business case and start
with this at the beginning of the project.

Valorization

aEU=end-users, PU=professional end-users, EN=engineers, MA=managers, RE=researchers.

Creating a Development Team
Due to the fact that members of the development teams had
different backgrounds, there was also a difference in knowledge
about the project, UCD processes, telecare products and services,
intended end-users of the technology, and ways of conducting
research in a health care setting. In addition, different members
of the development team seemed to speak a “different language”
(use different terminology):

We have researchers, we have doctors, we have
technicians, and it is very, it is not the same world.
Because we do not speak the same
language…Sometimes we think something and for
example the researcher understands something
else…We speak technical, she (the researcher) talks
with elderly people, she talks with other worlds. That
is why it is so difficult. [P20, male, engineer]

Participants reported that overcoming these differences was
sometimes difficult. A benefit of these differences, mentioned
by most participants, is that members of the team could really
complement each other, which resulted in a positive “team
spirit”:

They (technical engineers) did not know anything
about medication and then you think; well I don’t
know anything about computers. So together that was
fun, as if you speak a different language but still have
to come up with a solution together. [P23, female,
professional end-user]

Multidisciplinary collaboration was positively influenced by
the fact that patients and care professionals were involved and
recognized as members of the development teams from the start.
When managers or supervisors advocated that the input of all
members should be treated as equal, this facilitated co-creation
and UCD, according to end-users. Furthermore, end-users
indicated that they appreciated it when the researcher reported
back to them about which parts of their advice were followed
and which were not. According to some, this feedback was more
important than actually following their advice because it made
them feel appreciated as a team member:

I did have the feeling that, the things that we put
forward, that they (the researchers) did something
with that. And sometimes they (the researchers) just
said: “listen, we did not choose this or we did choose
this”. And I think that is important…Feedback is very
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important. For example when you put something
forward and after that you don’t hear anything. Then
you don’t know whether something was done with it
at all or whether it was taken seriously. And then it
is also difficult to be in that process together. [P9,
female, end-user]

Finally, the organizational aspect of working in multidisciplinary
teams was a challenge in most projects. Since most members
had different schedules, it was often difficult to organize
meetings with the whole team. Submeetings were a satisfactory
solution according to most. Elderly representatives, care
professionals, and engineers indicated that they appreciated the
flexible attitude of researchers who visited them at home or at
work to offer additional information/explanation or an update.

Implicit Expectations Regarding Responsibilities and
Roles
Participants indicated that during the project they discovered
differences in expectations regarding responsibilities and roles
between members of the development team. Examples of issues
where expectations differed between members of the
development team were who the project manager is, what the
tasks are of different team members, and who delivers content
of the services that are being developed. Participants seemed
to agree that clearly expressing and communicating expectations
at the start of the project would help to ensure that the entire
development team was on the same page, which would probably
optimize multidisciplinary collaboration. However, some
participants experienced that voicing these expectations could
be difficult since they are often implicit:

Look, in fact you start this project with an open mind
and you create the expectations along the way.
Because we work in a certain way: iterative design.
We take it a step further every time. So, at the
beginning of the project you actually do not know
where you will end up. You work towards the end
gradually. So, you actually do not have very detailed
expectations before the start. [P15, male, engineer]

I expected more vision, more strategy, a clearer
picture about this (concept of the project) at the start
of the project. Well that disappointed me. That fit with
the patient group was created along the way. I would
have liked to feed of the available knowledge of the
university. But that was disappointing. [P16, male,
manager]

I think that we had a very large part in delivering
content (for the telecare product and service)…Of
course, you have to partly develop the intervention.
But this detailed, no I didn’t expect that I would do
that. I expected another share of the company and
thought that was disappointing in hindsight. [P2,
female, researcher]

Translating User Requirements Into Technical
Requirements
Participants experienced that collecting user requirements and
discussing with the development team which requirements
deserved priority took longer than expected. One reason for this

is that reaching a consensus with a team consisting of members
with different backgrounds can be quite challenging.

Another time-consuming part of the process was translating
user requirements into the very detailed technical requirements
that engineers need to be able to develop the first prototypes.
Help from the engineers in this translation appeared to be crucial
since most researchers did not have a technical background and
were not familiar with the technical language that is used to
describe technical requirements:

In the concept phase, everything seems possible. But
when you have to specify things until the final
feedback message, it is very difficult. And it takes a
lot of time to think these things through. [P5, female,
researcher]

The researchers are more of less forced into a role
in which they have to think along in a technical
manner. And they are not used to that, it is not their
job. And that creates a certain type of tension.
Because they are forced to think about (technical)
things that they had not thought about before. [P18,
male, engineer]

Finally, the identified user requirements evolved during the
project as a result of the iterative nature of the UCD processes.
Members of the development team agreed that these iterations
were necessary to ensure that the developed products and
services meet the requirements of the end-users (in the best
possible way). Especially engineers and managers pointed out
that they tried to be as flexible as possible in incorporating the
new and additional requirements in new prototypes because
they recognized the importance of the iterations. However, at
a certain point, this flexibility ends because deadlines have to
be met and personnel will be deployed in other projects after
these deadlines:

It is good to get feedback from your target group but
it is important to stay in control…I had the feeling
that there were too many changes in response to
feedback of the target group…At a certain time we
froze the specifications and started working with that.
[P18, male, engineer]

We had a lot of backwards and forwards and
changing. What might be a relatively simple change
for an end-user, for instance the change of a bar from
one place to another, could take a significant amount
of time or require a major change in the way a
software program was running. [P19, male, manager]

Technical Challenges

Overview
The technical challenges that the development teams were faced
with related to the integration of different technologies or
platforms, robustness of technology in a real-life setting, and
rapid pace of developments on the commercial market.

Integration of Different Technologies or Platforms
The telecare products and services that were developed during
the projects all required the integration of various technological
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components (eg, integration of a sensor with an application on
a mobile device and an online database). Technical and software
engineers, and to a lesser extent also other participants,
experienced that the integration of these components was often
more difficult than expected for several reasons. First, engineers
experienced that the components sometimes have their own
“language” and specifications (eg, hardware vs software), which
makes integration more complicated. Second, the input for the
system as a whole, and input regarding the integration of the
developed technology in care, was provided by different
members of the development team. All team members
recognized that integrating the input from these parties into the
products and services can be a real challenge as it does not
always match. Third, in some cases the different components
are not finished at the same time. This can seriously delay the
progress of projects.

Every company developed their part (of the
technology)…We develop something nice but then it
does not fit. And then the other company develops
something nice and our system cannot handle it. And
then the researchers provide a new part of the content
and then we think: where can we put this? That was
difficult to work with sometimes. We resolved it in the
end but I think things could have run more efficient
in some areas. [P17, male, engineer]

Robustness of Telecare Products in Real-Life Setting
Researchers experienced that there was often not enough time
and budget for the development of the telecare products because
funding bodies assume that the technology already exists.
Technology development in these projects appeared to be more
challenging since the health care setting was taken into
consideration, which is often not the case in existing
off-the-shelf telecare products. As a result, the technology was
sometimes not “mature” enough when projects moved to large
trials or evaluation studies, which caused problems regarding
robustness. All members of the development teams agreed that
robustness is an absolute precondition for the uptake of telecare
products and services in practice. Taking enough time for
conducting in-lab usability tests and pilot studies before moving
to real life settings might prevent problems concerning
robustness in large trials according to researchers:

Funding agencies for research often assume that the
technologies already exist. However, there is hardly
any time for the development of the technology. But
we know from experience that this is very difficult
and time consuming. We should not jump to large
evaluation studies too fast but first do pilots and
usability evaluations before we start with the big
works. That is something that is often underestimated.
[P6, male, researcher]

Developments on the Commercial Market
Many participants experienced that the commercial market sets
the standard for products developed in the R&D projects; the
user requirements for the telecare products and services are
often influenced by what is already on the market. According
to members of the development teams, it is nearly impossible

to keep up with the rapid pace at which the commercial market
is developing. The reason the development teams chose to create
something new instead of buying off-the-shelf products is that
newly developed products can be adapted to fit the health care
context and end-user needs.

Evaluation

Overview
In all projects, the developed devices were tested in the lab and
in real-life. Issues that relate to the evaluation of the devices in
both contexts are described below.

Evaluation in Lab
The developed products were first tested extensively by the
members of the development team. Researchers who tested the
products indicated that this was not only important for
identifying bugs and errors but that it also provided better insight
into experiences expected with end-users of the product.
However, researchers and engineers indicated that eventually
they were less able to identify bugs, as they unconsciously
created their own “work-arounds”:

Once you actually use it (the technology) yourself,
then you really bond with it so to speak. And then you
become even more alert to improvements [P2, female,
researcher]

Evaluation in Real-Life
Participants experienced that the recruitment of patients and
professionals who were willing to evaluate the developed
products and services was a true bottleneck in the planning of
the projects. A possible explanation for this problem, according
to the participants, was that usually care professionals have to
perform the activities for such R&D projects (eg, providing
input for requirements or recruitment of patients) on top of their
regular activities, which causes an increased workload. In some
projects, the professionals did not get reimbursed for recruiting
participants. Another problem described was that there were
too many different (telecare) research projects in one area at
the same time. Possible solutions for these problems, employed
during the R&D projects, were reimbursing care professionals,
recruiting participants via the (in)formal network of members
of the development team, or organizing meetings with
professionals who participate in evaluation studies to increase
their awareness and create commitment to the project:

Having patience is very important in research,
especially when it concerns including patients in your
study. You will come across barriers, it is just like
hurdling in a sense. [P24, male, professional end-user]

Convincing people who have to do it alongside their
job. They are doctors, and this comes on top of
it…Yes, I think that people are bombarded with
something new every time: another technique that
would be nice. That makes it pretty difficult. [P14,
male, manager]

Valorization
Once the effects of the developed telecare products and services
have been evaluated, the subsidized R&D projects will end.
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Members of all development teams emphasized the importance
of scaling up, and valorization of, the developed telecare
products and services:

That is one of the problems; it will have to happen
on a larger scale in the future. For that you do need
a business model. Just doing projects for the sake of
doing projects and doing something else when the
funding ends does not make sense. [P22, male,
manager]

Managers from the R&D companies and some of the technical
engineers indicated that it was too bad that there was little time
or budget to focus on the development of a proper business
model during the projects. The fact that different companies
and organizations are often involved in the delivery of one
telecare product and/or service is an important issue in the
development of such business models and therefore a concern
to most of the managers:

At the basis, you have to start thinking who will be
the owner and who will make money on
this…Somehow you have to figure out a model that
covers the costs and leaves something extra because
we are not the type of entrepreneur that keeps
investing in something that does not make any money.
So I do see possibilities, but it has not been defined
clearly yet. [P14, male, manager]

Elderly people, patients with a chronic disease, care
professionals, and researchers also indicated that they had
concerns regarding the upscaling of the developed products and
services. Their concerns focused on questions such as who
would pay and sell the products/services, how much they should
cost, and how roles and responsibilities of patients and
professionals would change when telecare products and services
were implemented in practice:

I am afraid that it will not be financially viable.
Because physiotherapy is not included in the basic
health insurance which makes your target group very
small. [P7, male, end-user]

I think that we still have to think about that, make
agreements about when you reply or do not reply (to
the patient after a certain signal from the telecare
product), better agreements on how you communicate
with the patients (using the new telecare services).
[P25, male, professional end-user]

Discussion

Principal Results and Comparison to Previous
Research
The current study provides insight into how members of
multidisciplinary development teams experience the UCD
process of telecare products and services. Several barriers and
facilitating factors were experienced that can influence the UCD
process according to different members of four multidisciplinary
development teams. Most barriers that were identified were in
line with previous research [14,24,25]. Some of these factors
were reported by participants from different backgrounds,
whereas others seemed to be more specific for a group of

participants who share a similar background or role in the UCD
process. Furthermore, this study also provided insight into how
members of development teams tried to deal with barriers that
they encountered and which actions they undertook to facilitate
the development process.

All participants experienced that differences in background can
cause a language gap between members of the multidisciplinary
development team that can negatively affect the development
process. Other researchers and designers who have recognized
this barrier recommend the use of personas, scenarios, mock-ups,
or prototypes to reduce the language gap [13,21,30,31]. These
techniques were also used during the R&D projects that were
the focus of this study. In addition, this study revealed that the
gap between members of a development team can be bridged
by emphasizing the way that team members can complement
each other through their differences, by principal investigators
who explicitly advocate equality of team member’s input, and
by providing feedback to (professional) end-users regarding
their input from the start onwards, throughout the development
process.

Participants with different backgrounds all recognized that
managing expectations regarding responsibilities and roles is a
critical factor during the UCD of telecare products and services.
Previous research by Gasson suggests that managing
expectations regarding work roles and tasks is a critical issue
in any UCD process [32]. The results of the present study
revealed that although all members of the development team
had read and agreed on the same project plan and UCD
methodology to be used, differences in expectations still existed.
Goodman-Dean et al explain that despite agreeing on the same
basic nature of the UCD process, differences can still exist
between the approaches of the team members [33]. Explicitly
voicing detailed expectations at the start of the development
process might prevent delay later in the project. However,
participants of the current study recognized that this might be
difficult to do. Previous studies have emphasized that project
management should identify and allocate responsibilities, tasks,
and roles [16,32,34]. Project managers should facilitate the
UCD process in this way without being overly prescriptive or
bureaucratic since that might impede the creative nature of the
design process [34].

The results of this study confirmed that time- and budget-related
issues seemed to play an important role during different phases
of the UCD process. The main time constraining factor reported
in previous studies is that working with users in an iterative
way takes too much time, regardless of the methodology used
[13,14,34,35]. A literature review by Shah et al suggests that
the lack of available end-users is a barrier during the UCD
process [14]. The findings of the current study are not entirely
in line with this since recruiting users to be involved in the
development team and to test prototypes during the iterative
UCD process seemed a lesser barrier compared to recruiting
participant for longitudinal research. A possible explanation for
this could be that for the prior UCD activities, participants were
recruited via the (informal) network of end-users and
professional end-users who were part of the development team.
Through this, the involvement of (professional) end-users from
early stages onwards facilitated the progress of the projects.
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Other studies that have been conducted previously did not
indicate which factors were considered too time-consuming.
The current study provides insight into causes of time-related
barriers as experienced by different members of
multidisciplinary development teams. Researchers and engineers
were the groups of participants who most frequently reported
on time-related barriers and how they tried to deal with them.

A critical factor reported on by all managers is the development
of a good business model. Results of this study revealed that
budget should be allocated to the development of a business
case and that the stakeholders involved should discuss business
modeling issues at an early stage. Previous studies have
emphasized that business model development should run in
parallel with the UCD of eHealth technologies because it
contributes to the development of such technologies [16,36].

Strengths and Limitations
The scope of the four R&D projects included in this study varied
from general services related to care and well-being for elderly
people living in the community to specific services for severely
ill patients who suffer from cancer (treatment) pain. The variety
of projects included increases the generalizability of the findings.
Furthermore, all core members of the multidisciplinary
development teams were interviewed in order to incorporate all
points of view in our analyses. This is a strength of the study
design since previous studies aimed at identifying barriers of
UCD processes often focused merely on the perspective of the
designers or developers [13,33,36]. Including participants from
different backgrounds created triangulation of data resources,
which increased trustworthiness of the findings. Furthermore,
the member check revealed that participants agreed with the
experienced barriers and facilitators that were identified.

When interpreting the results of this study, some limitations of
the study design should be taken into account. First, in the
interviews, participants reflected on development processes that
started 1-2 years ago, which might have caused some degree of
memory bias. However, reflecting on the development process
at later stages might also have benefits over interviewing
participants in the middle of the development process. In the
latter situation, the answers of participants may be influenced

by the stage of the project at the time of the interview. Second,
participants were asked to reflect critically upon development
processes in which they were involved, and consequently they
had to reflect on their own actions and the actions of their team
members, which could have been a sensitive topic. In order to
limit this sensitivity, a researcher who was not part of the
participant’s development team conducted the interview.
However, it cannot be ensured that all barriers and facilitators
were reported to the interviewers. Third, the authors of this
paper had a double role in this study since they interviewed the
participants who were not researchers, but they were also core
members of the development teams (and hence were interviewed
themselves). The involvement and experiences of the researchers
with UCD of telecare products and services could have
influenced data collection and/or analyses. We aimed to
minimize these influences by letting researchers interview only
participants who were involved in different R&D projects than
they were, by developing a topic list for the interviews that was
used by all interviewers throughout the study, and by developing
the coding scheme with 2 researchers. Finally, data from the
interviews with the researchers and from the interviews with
other team members were treated as equal in the analyses. This
is not necessarily a limitation, but it might be considered a
notable feature of the study design. The main reason for this
novel and somewhat unusual approach was that the researchers
themselves had experienced and influenced the development
process just as much as other members of the development team.
Not interviewing the researchers could have resulted in missing
barriers and facilitators that they themselves experienced.

Conclusions
Many similarities seem to exist between the barriers and
facilitators experienced by members of multidisciplinary
development teams during UCD of telecare products and
services. However, differences in experiences between team
members with different backgrounds exist as well. Insights into
these similarities and differences can improve understanding
between team members from different backgrounds, which can
optimize collaboration during the development of telecare
products and services.
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Abstract

Background: While the human immunodeficiency virus (HIV) incidence rate has remained steady in most groups, the overall
incidence of HIV among men who have sex with men (MSM) has been steadily increasing in the United States. eHealth is a
platform for health behavior change interventions and provides new opportunities for the delivery of HIV prevention messages.

Objective: The purpose of this systematic review was to examine the use of eHealth interventions for HIV prevention in high-risk
MSM.

Methods: We systematically searched PubMed, OVID, ISI Web of Knowledge, Google Scholar, and Google for articles and
grey literature reporting the original results of any studies related to HIV prevention in MSM and developed a standard data
collection form to extract information on study characteristics and outcome data.

Results: In total, 13 articles met the inclusion criteria, of which five articles targeted HIV testing behaviors and eight focused
on decreasing HIV risk behaviors. Interventions included Web-based education modules, text messaging (SMS, short message
service), chat rooms, and social networking. The methodological quality of articles ranged from 49.4-94.6%. Wide variation in
the interventions meant synthesis of the results using meta-analysis would not be appropriate.

Conclusions: This review shows evidence that eHealth for HIV prevention in high-risk MSM has the potential to be effective
in the short term for reducing HIV risk behaviors and increasing testing rates. Given that many of these studies were short term
and had other limitations, but showed strong preliminary evidence of improving outcomes, additional work needs to rigorously
assess the use of eHealth strategies for HIV prevention in high-risk MSM.

(J Med Internet Res 2014;16(5):e134)   doi:10.2196/jmir.3393
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HIV prevention; eHealth; high-risk MSM; HIV testing; HIV risk behaviors; SMS; Internet

Introduction

Men who have sex with men (MSM) are the population most
heavily affected by infection with human immunodeficiency
virus (HIV) [1]. The rate of a new HIV diagnosis among MSM
is more than 40 times that of women and more than 44 times
that of other men [2]. In 2010, male-to-male sex remained the
largest HIV transmission category in the United States and the

only one associated with an increasing number of HIV/ acquired
immunodeficiency syndrome (AIDS) diagnoses [3]. Although
MSM represent about 7% of the male population in the United
States, they account for 78% of the new HIV infections among
males, reinforcing the need for intensive HIV prevention
services and testing campaigns [4].

The number of new HIV infections among MSM increased 12%
from 2008-2010, with a 22% increase among MSM aged 13-24
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years. Notably, young African American MSM account for a
disproportionate number of new HIV cases in the United States.
There were more new HIV infections (54%) among young
African American MSM (aged 13-29 years) than any other racial
or ethnic age group of MSM [5], which is nearly twice that of
young white MSM and more than twice that of young
Hispanic/Latino MSM [6]. Increases in the number of HIV
positive individuals in this group suggest that risky sexual
behavior has risen despite advances made in testing, prevention,
and treatment [5].

While many HIV prevention interventions have been delivered
face to face, the emergence of eHealth as a platform for health
behavior change provides new opportunities for developing
HIV prevention strategies [7]. eHealth is a generic term that
applies to an increasingly large number of interventions that
are delivered electronically. eHealth can include Web-based
tools including videos, games, chat rooms, social networking
sites as well as text messaging (SMS, short message service),
and email [8]. Across a wide range of diseases and health
behaviors, eHealth interventions are successful in promoting
changes in behavior, self-efficacy, knowledge, and clinical
outcomes. eHealth interventions have been developed to prevent
obesity [9,10], treat alcohol abuse [11], promote smoking
cessation [12], and encourage nutritious eating [13].

The Internet is an important delivery method for eHealth tools.
As access to the Internet increases, Americans’ willingness to
use the Internet as a source of health information has
proliferated, suggesting Web-based interventions are an
important modality for health behavior change interventions
[14]. Online interventions can be extremely convenient for users
as they are accessible from anywhere that there is connection
to the Internet and can be used in a private setting, which can
also improve accessibility [15]. In a recent systematic review,
Guse et al evaluated the impact of digital media-based
interventions on the sexual health knowledge, attitudes, and/or
behaviors of adolescents aged 13-24 years. Two interventions
significantly delayed initiation of sex, and one was successful
in encouraging users of a social networking site to remove sex
references from their public profile. Seven interventions
significantly influenced psychosocial outcomes such as condom
self-efficacy and abstinence attitudes, and six studies increased
knowledge of HIV, sexually transmitted infections, or pregnancy
[16].

A growing number of eHealth HIV prevention interventions
have been developed for MSM [17-20]. eHealth interventions
are particularly relevant for this high-risk population because
of the privacy feature they provide. A user can privately access

them without the fear of stigma, which highly affects the MSM
community [21]. As the evidence-base on eHealth HIV
prevention interventions grows, there is also a need to
systematically evaluate the efficacy and feasibility of the
existing interventions specific to the MSM population.

Methods

Identification of Studies
We searched articles published from January 2000 to April 2014
in the following electronic databases: PubMed, PsycINFO,
Embase, ISI Web of Knowledge, Google Scholar, and Google
for grey literature of US and international studies. We visually
scanned the reference lists of retrieved documents to identify
additional relevant manuscripts. Our search terms included HIV,
online, mobile technology, AIDS, technology, electronic health,
eHealth, chat room, social networking, mobile applications,
mobile health applications, mobile phone, mHealth, text
messaging, telemedicine, HIV treatment, PLWH, reminder
systems, information systems, Computers, Handheld/ or Cellular
Phone/ or mobile applications, HIV/ or HIV.mp or HIV
Infections/; Cellular Phone/ or mobile application.mp; HIV/,
HIV Infections/ or PLWH.mp, HIV infection, intervention,
mobile applications, and mobile HIV applications.

Inclusion Criteria
Included studies had to (1) focus on an eHealth intervention
only and could not use eHealth solely as a recruitment or data
collection tool, (2) focus on HIV prevention or testing and not
on HIV care, (3) be published in English, (4) be published
between January 2000 and April 2014, (5) be quasi-experimental
or a randomized controlled trial (RCT), (6) have a behavioral
outcome measure, and (7) focus on adult MSM. We did not
include adolescent studies in our review since a recent
systematic review was published [16].

Assessing Study Quality
A quality assessment tool (Table 1) for evaluating HIV
prevention interventions was created based on the previously
published efficacy criteria developed by the Center for Disease
Control and Prevention’s HIV/AIDS Prevention Research
Branch [22,23]. Papers were scored in each of seven quality
domains, and a final total score was calculated as a percentage
of possible applicable points. The domains were
representativeness, bias and confounding, description of the
intervention, outcomes and follow-up, statistical analysis,
strength of evidence, and group equivalence. Each of the seven
quality domains was given equal weight.
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Table 1. HIV prevention intervention quality assessment tool.

Inadequate, not stated, or impossi-
ble to tell (%)

Partially adequate (%)Completely adequate (%)

Minimal to no description of key
characteristics and inclusion/exclu-
sion criteria (0)

Some key characteristics described (25)All key characteristics of study popu-
lation described (50)

Representativeness

Some description of inclusion/exclusion
criteria (25)

Detailed inclusion/exclusion criteria
described (50)

Sample population differed in
several key factors to larger popu-
lation (0)

Sample population differed in some minor
factors to larger population (12.5)

Study population corresponded to
larger population in all key factors
(25)

Bias and confounding

Major differences in outcome as-
sessment (0)

Minor differences in outcome assessment
(12.5)

Equivalent outcome assessment (25)

Study did not account for con-
founding interventions with re-
spect to effectiveness of interven-
tion (0)

Study only partially accounted for confound-
ing interventions with respect to effective-
ness of intervention (12.5)

Study accounted for confounding in-
terventions with respect to effective-
ness of intervention (25)

Compliance rate <50% (8.3)Compliance rate between 80-50% (16.7)Compliance rate >80% (25)

No details given in description of
intervention and monitoring (0)

Some minor details excluded from explana-
tion of intervention and/or monitoring (66.7)

Protocol could be replicated given
description of intervention and /or
monitoring (100)

Description of intervention

Some major details excluded from explana-
tion of intervention and/or monitoring (33.3)

Outcome assessment procedure
not defined (0)

Outcome assessment procedure somewhat
defined (25)

Outcome assessment procedure
clearly defined (50)

Outcomes and follow-up

Major difference in attrition (0)Some difference in attrition (25)Groups equivalent in attrition (50)

Statistical methods not described
or absent (0)

Statistical methods partially described and
appropriate (25)

Statistical methods fully described
and appropriate (50)

Statistical analysis

Did not address differences be-
tween groups and variability (0)

Tests addressed some differences between
groups and variability (25)

Tests addressed differences between
groups and variability (50)

No significant intervention effect
(0)

Significant effect but not in the stated rele-
vant outcome measure (50)

Significant positive intervention ef-
fects (100)

Strength of evidence

Positive and statistically significant
(P≤.05) intervention effect in ≥1 rele-
vant outcome measure

Meets no criteria (0)Meets 3 criteria (75)Meets all 4 criteria (100)Group equivalence

Meets 2 criteria (50)1. Include one or more separate con-
trol or comparison study groups.

Meets 1 criteria (25)2. Include clear description of study
group comparability.

3. Include clear description of random-
ization method used or rationale for
not using randomization technique in
instances when it is not feasible

4. Include appropriate statistical con-
trols when equivalence is not
achieved

Data Extraction
Figure 1 summarizes the search results and the outcome of the
screening process. The search identified 174 unique papers.
These papers were independently appraised by 2 authors with
no blinding to the authorship of the papers. Following our
appraisal of the abstracts, we excluded articles that were focused
on HIV care for persons living with HIV, 19 articles focused

on adolescents, and 12 articles that did not solely focus on MSM
(eg, women, all men, mixed genders). We reviewed the full
manuscript of the remaining 95 articles. Of these, we excluded
10 articles because there was a later published article that was
more recent and/or of higher quality. We also excluded 19 other
articles because they used a qualitative research design or did
not have a behavioral outcome (see Figure 1 for further details
of articles that were excluded).

J Med Internet Res 2014 | vol. 16 | iss. 5 |e134 | p.243http://www.jmir.org/2014/5/e134/
(page number not for citation purposes)

Schnall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Data were extracted based on objectives, study design, sample
size, type and duration of interventions, outcome measures
reported, and findings. To further characterize the intervention,

we abstracted the theoretical framework used to guide the
intervention design, if reported. Data were also abstracted
according to country.

Figure 1. Screening process flowchart.

Characteristics of Evidence
A total of 13 articles met the inclusion criteria. The articles were
published between 2008 and 2013. Table 2 describes each paper
by study design, eHealth strategy, theoretical framework, length
of intervention and follow-up, study population, results, and
quality rating [24-36]. The total sample in each study ranged
from 52 [24] to 3092 men [25]. Nine of the studies were
conducted in the United States, and the remaining studies were
conducted in Peru (n=1), Australia (n=1), Taiwan (n=1), and
Hong Kong (n=1).

Each of the studies had different interventions. Interventions
were not clearly described in approximately 46% of the studies.
The length of the intervention period ranged from about 15
minutes [25] to 6 months [26-29]. Consistent with inclusion
criteria, all studies targeted MSM, with one study [30] focusing
on rural MSM and one study [24] focusing on methamphetamine

users. Outcome measures included condom use, HIV testing
rates, and sexual risk behaviors. eHealth strategies included
Web-based videos and education modules (7 studies), text
messaging (3 studies), chat room intervention (1 study), and
social networking (2 studies). Details of the interventions are
described below. A majority (69%) of the interventions were
guided by a theoretical framework including the
Information-Motivation-Behavioral Skills Model (IMB), the
Health Belief Model, Stages of Change, Social Learning Theory,
Social Cognition and Developmental Theory, and the Sexual
Health Model. The remaining interventions were not guided by
theoretical frameworks, or details were not provided in the
article. Eight of the studies used an RCT and five of the studies
were quasi-experimental. The methodological quality of the
available evidence varied, and none of the included studies
fulfilled all of the criteria, with quality scores ranging from
49.4-94.6%.
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Table 2. Existing studies of eHealth HIV prevention interventions for adult MSM.

Mean quality
score (range)

ResultsStudy populationLength of studyeHealth StrategyStudy designStudy

76.79%

(50-100)

Increased HIV testing
rates

Intervention (N=239);

Comparison (N=220)

Mean of 125.5 days
of observation

Web-based Inter-
vention

RCTBlas, 2010 [31]

51.14

(25-100)

Increased HIV re-test-
ing rates

Intervention (N=714);

Control (N=1084)

SMS reminders ev-
ery month for 3-6
months

SMS remindersPre-post test de-
sign

Bourne, 2011
[26]

89.89

(50-100)

Decrease high-risk sex-
ual risk behaviors;

Rural MSM (N=475)Mean 19.39 days
(SD 7.33 days)

Web-based educa-
tion modules

Pre-Post studyBowen, 2008
[30]

64.89

(0-100)

Reduction in high-risk
HIV behavior

MSM (N=112)Intervention 1.5-2 h;

3-month follow up

Web-based skills
training and moti-
vational interven-
tion

RCTCarpenter, 2010
[32]

75

(33.3-100)

Shame reduction;
shame reduction as a

predictor of UAIa

Intervention (N=437)

Control (N=484)

3-month follow-up
questionnaire

Virtual Simula-
tion Intervention

RCTChristensen,
2013 [33]

89.89

(54.2-100)

More likely to disclose
HIV status to partners;
less likely to report UAI

Intervention (N=2483)

Control (N=609)

Baseline survey, In-
tervention 60 day
follow up

Web-based media
intervention (pre-
vention videos &
webpage)

RCTHirshfield, 2012
[25]

60.11

(33-100)

Increased HIV testing,
reduced UAI

Intervention (N=499);
Comparison (N=538)

Baseline survey, 6-
month intervention,
follow-up survey

Web-based peer
leader interven-
tion

Quasi-Experimen-
tal, Non-Equiva-
lent control

Ko, 2013 [27]

65.49

(0-100)

Efficacy of the interven-
tion was not supported

Intervention (N=140);

Control (N=140)

6-month study peri-
od

Web-based educa-
tional tool

RCTLau, 2008 [28]

94.64

(75-100)

Decrease sexual risk
behavior

Intervention (N=50);

Control (N=52)

12-wk study periodWeb-based media
intervention

RCTMustanski,
2013 [34]

83.93

(50-100)

Decreased frequency of
methamphetamine use;
Decrease high-risk sex-
ual behaviors.

Meth-using MSM
(N=52)

2-wk interventionText MessagingPre-post test de-
sign

Reback, 2012
[24]

64.89

(25-100)

Increased HIV testing
rates

MSM (N=346 [pretest],
315 [posttest])

6-month implementa-
tion phase; 1-month
follow-up

Chat RoomsSingle-group
pretest-post-test
design

Rhodes, 2011
[29]

49.41

(25-66)

Reduction in risk behav-
ior

MSM (N=650)3-wk interventionInteractive Web-
site

RCTRosser, 2010
[35]

80.36

(50-100)

Increased requests for
an HIV home test

112 MSM

Intervention N=55

Control N=57

12-wk intervention;
12-wk follow-up

Web Based, Peer
leader led groups

RCTYoung, 2013
[36]

aUAI: unprotected anal intercourse

Web-Based Videos and Education Modules (k=7)
Two studies used videos for educating high-risk MSM. In a
study conducted in Peru, 5-minute videos were created using
the Health Belief Model and Stages of Change Theory to
encourage MSM to get tested for HIV. The videos incorporated
ways to overcome eight reasons why MSM do not get tested
for HIV (eg, fear or lack of confidentiality) [31]. In another
study, informed by the Social Learning Theory and Social
Cognition and Developmental Theory, five study conditions
were compared using an RCT and included a (1) dramatic video,
(2) documentary video, (3) both dramatic and documentary
videos, (4) prevention webpage, and (5) control (received no
intervention) [25]. “The Morning After” is a 9-minute video

drama [37] that was designed to promote critical thinking about
HIV risk and features 3 gay male friends, one of whom thinks
he had unprotected sex with an HIV-positive man while
intoxicated and seeks advice from friends.“Talking About HIV”
is a 5-minute documentary video created with footage from the
documentary, “Meth” [38]. In the 60 days after the intervention,
men in the pooled video group were significantly more likely
than men in the control group to report full disclosure with their
last sexual partner (OR 1.32, 95% CI 1.01-1.74). HIV positive
men in this group were also significantly more likely to reduce
unprotected anal intercourse (UAI; OR 0.38, 95% CI 0.20-0.67)
and serodiscordant UAI (OR 0.53, 95% CI 0.28-0.96) at
follow-up. Findings from this study suggest that a brief digital
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media intervention can decrease sexual risk behaviors and
increase HIV disclosure to potential sexual partners [25].

One study developed and tested multicomponent Internet sites
that targeted high-risk sexual behaviors. The intervention,
Sexpulse, was a multifaceted Internet intervention that targeted
men who use the Internet to seek sex with men and was
informed by the Sexual Health Model. Sexpulse was designed
by a multidisciplinary team of health professionals, computer
scientists, and e-learning specialists and had the following
components: a risk assessment tool, an online chat simulation,
and virtual peers. Use of the system successfully reduced
high-risk sexual behavior in study participants [35]. Carpenter
et al developed an Internet site [39] based on the Information
Motivation Behavioral Skills theory of HIV risk reduction,
which included risk assessment and feedback, motivational
exercises, skills training, and education. The format of the
material was designed to engage younger MSM, including those
from minority groups. Both the intervention and control groups
demonstrated reductions in high-risk sexual activity; the
intervention group showed greater reductions with the riskiest
partners [32].

Keep It Up! (KIU!) was an online, interactive HIV prevention
program. The IMB model of HIV risk behavior change was
used to guide the development of the KIU! intervention. It has
7 modules completed across 3 sessions that were done at least
24 hours apart and takes about 2 hours to complete. Keep It Up!
was designed to be delivered to young MSM upon receiving an
HIV negative test result. In an RCT, the participants in the
intervention arm had a significantly lower rate of unprotected
anal sex acts at the 12-week follow-up [34].

Socially Optimized Learning in Virtual Environments (SOLVE)
is a downloadable simulation video game designed to simulate
and immerse high-risk young adult MSM in affectively charged
risky situations. This intervention was informed by the Theory
of Planned Behavior, and Social Cognitive Theory. Christensen
et al tested this intervention compared to a wait list control
condition in an online RCT. After 3 months, participants in the
SOLVE treatment condition reported greater reductions in
shame. The direct effect on risky sexual behavior at follow-up
was not significant [33].

Finally one study developed and tested a Web-based education
module tailored to the information needs of MSM residing in
rural areas. There were two 20-minute education sessions that
participants watched 6 months apart. Each session consisted of
three modules focused on the concepts in the IMB model.
Post-intervention behavior change included reduced anal sex
and significant increases in condom use [30].

Text Messages or Short Messaging Service and Email
Messaging (k=3)
Three studies in our review used text messaging or short
messaging service (SMS) as an intervention; two studies used
it to increase HIV testing rates and one study to reduce high
risk behaviors. The two studies that targeted increasing HIV
testing rates were conducted outside of the United States. In
one of the SMS studies set in Australia, clinicians sent reminders
to patients who had previously come to a sexual health clinic

to come back for follow-up testing. SMS reminders increased
HIV re-testing rates after 9 months [26]. In the Project Tech
Support study, participants received 1-3 social support and
health education text messages per day for 2 weeks. The goal
of the messages was to reduce methamphetamine use and
high-risk sexual behaviors. A total of 400 text messages were
developed for this study based on the behavioral change theories
of Social Support Theory, the Health Belief Model, and Social
Cognitive Theory. Participants reported a significant decrease
in methamphetamine use and reductions in high-risk sexual
behaviors [24]. In the study conducted in Hong Kong, email
messages relating to prevention of STI (sexually transmitted
infections) and HIV were sent to participants on a biweekly
basis [28]. The contents of the emails covered areas of
information and discussion about modes of HIV transmission,
correct condom use, HIV testing, “relationships & love”, and
the relationship between drugs and sex. The goal of this
intervention was to reduce HIV risk-related behaviors; however,
there were no significant findings.

Chat Room Intervention (k=1)
One study used a chat room intervention named CyBER/testing,
informed by the Natural Helping Theory, in which an
interventionist entered the chat room from 9 a.m.-5 p.m.,
Monday to Friday [29]. Few details about the chat room were
included in the study to protect the participants who still use
the site. The chat room was designed for social and sexual
networking among MSM. Every 30 minutes, the interventionist
would post information about HIV testing. More specifically,
he answered questions about testing processes and locations,
referred chatters to other resources, explained HIV infection,
and provided information about resources for those who are
seropositive (including medical resources and AIDS drug
assistance). He would also respond to chat room members who
sent him “instant messages”. The intervention significantly
increased self-reported HIV testing among chatters overall.

Social Networking Intervention (k=2)
In the HOPE study, social network sites were used for the
delivery of HIV prevention information; 16 peer leaders were
randomly assigned to deliver information about HIV
(intervention) or general health (control) via Facebook groups
for over 12 weeks. Participants randomized to the HIV
prevention information group were significantly more likely to
request an HIV testing kit than control group participants [36].
There were sparse data on returned tests and follow-up test
results indicating that even though this intervention influenced
participants’ decision to request an HIV test, it did not
necessarily impact actual testing behaviors [36].

In another social networking intervention study, Internet popular
opinion leaders (iPOL) were used to disseminate HIV prevention
information via popular social networking sites [27]. At the
6-month follow-up after the intervention was conducted, MSM
who visited the intervention website were more likely to have
been tested for HIV (P<.001) and consistently use condoms
during anal sex with online sex partners than those using the
control website (34.15% versus 26.19%, P=.004). This study
used a non-equivalent quasi-experimental design. There were
additional flaws in the study design that limit the evidence of

J Med Internet Res 2014 | vol. 16 | iss. 5 |e134 | p.246http://www.jmir.org/2014/5/e134/
(page number not for citation purposes)

Schnall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


the use of this intervention for improving HIV prevention
behaviors including contamination between study groups and
self-report of HIV testing and risk behaviors.

Discussion

Principal Findings
This review of eHealth interventions for HIV prevention among
adult MSM has drawn together the evidence base specific to
behavioral interventions for MSM and found evidence for
eHealth interventions being associated with reductions in high
risk behaviors and increases in HIV testing rates. Nonetheless,
the studies that demonstrated a decrease in sexual risk behavior
had different study designs and outcome measures that make it
difficult to synthesize the evidence.

Only one US study in our review solely focused on HIV testing
as an outcome measure. Given that the US National HIV/AIDS
Strategy has established a goal of increasing the awareness of
HIV status in the US population from 79% to 90% by 2015,
HIV testing is an important HIV prevention measure. In fact,
current recommendations are to repeat HIV testing every 3-6
months for high-risk MSM [40]. Thus, there is a need to develop
and test eHealth interventions targeted to improve HIV testing
rates in high-risk MSM. Given that most of the eHealth
intervention studies conducted abroad targeted HIV testing
behaviors, future work in the United States should focus on the
lessons learned from those studies.

Bourne et al found that SMS can be used to increase HIV testing
rates in high-risk MSM [26]. In a single study by Blas et al [31],
the use of an online video-based intervention was shown to
increase HIV testing in high-risk MSM. Given the growing HIV
epidemic in high-risk MSM in the United States and the need
to increase HIV testing, both online video-based interventions
and certainly SMS should be employed as strategies to increase
HIV testing rates. The use of SMS for improving HIV testing
rates was evidenced in studies outside of the United States
showing promise for its continued use both abroad and in the
United States.

From the results presented above, we can infer that eHealth
interventions reduce risky sexual behaviors and increase HIV
testing. This review has provided evidence that eHealth
interventions have the potential for promoting HIV prevention
behaviors in adult MSM. Even so, there are a number of
limitations in many of the studies we reviewed. For example,
in the study conducted by Reback et al (2012) [24], there was
no control group, the intervention group was quite small, and
most of the study participants were unemployed, which is not
necessarily representative of the MSM population. The study
intervention was staff intensive and used two-way pagers that

no longer exist, limiting the potential for harnessing this
technology for future intervention study.

In another study, Young et al (2013) [36] had planned 7 clusters
per study arm but ended up with only 2. Recruitment appeared
to have been difficult; they used only Facebook, no sex websites
(which could have been more efficient to reach people having
high risk behavior). To assess their outcome measure, they used
HIV tests that needed to be sent to a laboratory. Participants
could have used an HIV home test, which may have reduced
some of the access barriers. This review highlights the need for
the collection of rigorous data measures for understanding
outcomes.

Moreover, there is a need for long-term (12 months) follow-up
data after the completion of eHealth HIV prevention
interventions. In our review, only 1 study assessed the long-term
effects (12 months) of the eHealth intervention and found that
it did not have a long-term effect on reducing sexual risk
behaviors [35], perhaps because this was not a long-term
intervention. Since eHealth interventions appear potentially
useful for reducing HIV risk behaviors and increasing HIV
testing rates, future research should focus on establishing
long-term effectiveness as well as comparing the effectiveness
of different interventions.

Limitations
Several limitations of this review should be considered when
interpreting the findings. The potential heterogeneity of
interventions and outcomes are important to note and make the
synthesis of the evidence from these studies challenging.
Notably, even though we attempted to be as inclusive as
possible, our searches may have excluded relevant studies from
this systematic review that did not meet our search word criteria,
and/or we excluded conference abstracts that met this review’s
criteria but were not peer-reviewed articles.

Conclusions
Our results have important implications for the use of eHealth
interventions for HIV prevention in MSM. This review
demonstrates eHealth interventions appear potentially useful
for reducing HIV risk behavior and increasing HIV testing rates.
The detailed data across the studies allows us to
comprehensively identify and describe elements that are
essential to the effectiveness of eHealth interventions for
promoting HIV prevention among adult MSM. Given the
limitations of many of these studies as well as the potential for
eHealth to transform health behaviors, additional work needs
to rigorously assess the use of eHealth strategies for HIV
prevention in high-risk MSM. Future work is needed that
employs these interventions in longer and larger trials and to
assess their efficacy in improving outcomes.
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SMS: short message service
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Abstract

Background: Interest in smartphone health apps has been increasing recently. However, we have little understanding of the
cognitive and motivational factors that influence the extent of health-app use.

Objective: This study aimed to examine the effects of four cognitive factors—health consciousness, health information orientation,
eHealth literacy, and health-app use efficacy—on the extent of health-app use. It also explored the influence of two different use
patterns—information and information-behavior use of health apps—with regard to the relationships among the main study
variables.

Methods: We collected and analyzed 765 surveys in South Korea. According to the results, there was a negligible gender
difference: males (50.6%, 387/765) and females (49.4%, 378/765). All participants were adults whose ages ranged from 19 to
59. In order to test the proposed hypotheses, we used a path analysis as a specific form of structural equation modeling.

Results: Through a path analysis, we discovered that individuals’ health consciousness had a direct effect on their use of health
apps. However, unlike the initial expectations, the effects of health information orientation and eHealth literacy on health-app
use were mediated by health-app use efficacy.

Conclusions: The results from the path analysis addressed a significant direct effect of health consciousness as well as strong
mediating effects of health-app use efficacy. These findings contribute to widening our comprehension of the new, digital
dimensions of health management, particularly those revolving around mobile technology.

(J Med Internet Res 2014;16(5):e125)   doi:10.2196/jmir.3283

KEYWORDS

health apps; health consciousness; health information orientation; eHealth literacy; health app use efficacy

Introduction

Background
Recently, along with the notable development of mobile
communication devices, mobile health, known as mHealth, has

become one of the hottest issues in the disciplines of medical
science, nursing, and health communication [1-3]. The main
factors leading this mobile health boom have been the high
penetration of Internet access, particularly expanding
Wi-Fi-services, continuous improvement of mobile supporting
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systems, and increased use of smartphones. For instance, 91%
of US adults now own cellular phones [4], and 53% of cell
phone users (45% of all US adults) own a smartphone [5].
Supported by these advanced mobile service and technological
developments, people have come to actively seek health
information through the Internet using their mobile devices [5].
For example, 52% of smartphone users seek health information
through their smart devices [5].

In addition to such information-seeking behaviors through smart
devices, there has been a notable increase of health apps
available on such devices [3,5-12]. According to Kamerow [13],
there are approximately 100,000 health-related apps for
smartphones; by 2015, about 500 million owners of smartphones
throughout the world will use health apps. In 2012, while 84%
of smartphone users had downloaded at least one app, 19% of
them had used a health app for the purpose of tracking and
managing their health [5]. According to the authors, the adoption
of health apps was stronger among females, young populations,
and people with higher income. These apps provide users with
health-related services, such as medical information, blood
pressure checks, female health checks, and so on. With regard
to the specific functions of health apps, there are three dominant
areas: exercise, diet, and weight management [5]. For example,
38% of health-app users use a health app in order to track their
exercise [5].

As noted above, the fact that there has been a great increase of
health apps on smart devices can hardly be denied [3,5-12].
Thus, recently, previous studies in the areas of medical science
and informatics have intensively investigated the effectiveness
of specific apps on smartphones [3,5-12]. In particular, they
have focused on scrutinizing those functions and features of
smartphone apps that are specialized for particular health
conditions (eg, obesity) or diseases (eg, diabetes). For example,
Morris et al evaluated health applications on cellular phones,
particularly for emotional self-awareness [9]. Kirwan et al
and Frøisland et al paid significant attention to smartphone apps
for Type 1 diabetes [11-12]. These studies meaningfully
contributed to widening our understanding of the effectiveness
of interventions of particular smartphone apps.

Nevertheless, we have little understanding of the general
cognitive motivators that trigger people’s use of health apps,
which are relevant to individuals’ personal psychological
conditions. Except for Lim et al’s study [14], there has been
little empirical research on the cognitive motivational factors
of health-app use in general. Without proper comprehension of
the motivational and cognitive factors of adopting and using
health apps, it would be difficult to fully understand individuals’
use of such apps. Hence, this present study aimed at exploring
which cognitive factors would lead people to use health apps
among smartphone owners in South Korea. This particular
country is adequate for the present study due to its high Internet
penetration rate as well as its high distribution rate of
smartphones. According to the 2013 Internet Use Report [15],
the Internet use rate among Korean adults was approximately
86.2% in 2013, and is continuously growing. Moreover, the
Internet use rate among young people in their twenties and
thirties was approximately 99.7%. Furthermore, according to
Google Korea’s marketing research on smartphones, smartphone

penetration in South Korea reached 73% in July 2013, placing
Korea at number one [16]. Notably, approximately 92% of the
younger generation in their twenties through thirties own smart
devices in Korea [15]. Overall, the findings from this study will
help scholars and practitioners widen their comprehension of
health-app use.

Theoretical Backgrounds and Hypothesis Building
Although there exist numerous cognitive factors that can
potentially stimulate people to use health apps, we paid
considerable attention to the following four main factors: (1)
health consciousness, (2) health information orientation, (3)
eHealth literacy, and (4) health-app use efficacy. We selected
these four factors by considering primarily the general functions
of health apps. First, because the fundamental function of health
apps is to manage one’s own health conditions [5], health
consciousness is inherently related to health apps. Next, people
use health apps in order to seek health information as well as
to monitor their health conditions rather than to gain actual
physical aid. This implies that health-app use is more relevant
to health information-seeking behaviors. Thus, we focused
mainly on health information orientation [17]. Third, it must be
considered that such health information from health apps
requires the competence of users to accurately comprehend the
information accessed; this is known as the literacy of health
information. Accordingly, paying attention to individuals’
abilities to decipher the meaning of Internet health information
(eHealth literacy [17]), this study examined the role of eHealth
literacy in health-app use. Furthermore, with regard to eHealth
literacy, cognitive differences exist in individuals’ abilities to
find and understand adequate health information [18-19]. This
result implies the potential role of health-app use efficacy in
mediating the relationship between eHealth literacy and
health-app use. With this reasoning, we scrutinized the potential
direct and indirect effects of the four cognitive factors on
individuals’actual use of health apps. This section will elaborate
on each of these factors and propose multiple hypotheses for
the study.

First, health consciousness basically refers to the extent to which
a person takes care of his/her own health [17,19]. People with
higher levels of health consciousness are more likely to have
healthy habits, spend more time on exercise and healthy
activities, actively gather health information from various
sources, and avoid unhealthy situations [17,19]. In particular,
such people are interested in seeking a diverse range of health
information in order to gather more accurate information [20].
Moreover, previous research has demonstrated that health
consciousness positively influences people’s
information-seeking behaviors on the Internet [17]. Considering
this influential role of health consciousness in health
information-seeking behaviors, it is quite reasonable to expect
that the more conscious a person is of his/her own health, the
more actively she/he will use health apps. Based on this
argument, this study established the following hypothesis (H1):
Health consciousness will be positively associated with the
extent of health-app use.

Health orientation is related to an individual’s proactive
behaviors of taking care of his/her health condition [21].
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Moorman and Matulich [22] defined health orientation as “a
goal-directed arousal to engage in preventive health behaviors”.
Specifically relevant to health-information seeking behaviors,
Dutta-Bergman conceptualized health information orientation
as “the extent to which the individual is willing to look for health
information” [17]. More specifically, people with higher levels
of health information orientation are more likely to gather health
information from various sources. Moreover, Basu and Dutta
stated that, “a high level of health-information orientation
suggests the willingness to look for issues related to health and
to find out ways to educate oneself about these issues, including
the consumption of those communication channels that serve
as potential sources of information regarding the issue” [19].
Considering the consumption of various channels for health
information, health information orientation may be closely
related to a person’s use of health apps as useful tools for
seeking health information. Hence, this study established the
following hypothesis (H2): Health information orientation will
be positively associated with the extent of health-app use.

Previous research on health information-seeking behaviors has
constantly argued the importance of literacy regarding health
information from online sources, often referred to as eHealth
literacy [5,18,23]. This is because the acquisition of more
information does not necessarily mean better information.
According to Norman and Skinner, eHealth literacy can be
defined as “the ability to seek, find, understand, and appraise
health information from electronic sources and apply the
knowledge gained to addressing or solving a health problem”
[18]. Based on this definition of eHealth literacy, it is
comprehensible that when a person can better seek and
understand online health information, she/he may be more
motivated to use health apps as electronic sources. Thus, this
study established the following hypothesis (H3): eHealth literacy
will be positively associated with the extent of health-app use.

Related to eHealth literacy, we must consider that individuals
have different levels of ability in using health apps. To better
understand this notion, the concept of health information
efficacy is useful. According to Basu and Dutta-Bergman, health
information efficacy basically refers to “the perception of access
to or the availability of health information resources” [19].
Furthermore, paying more attention to behavioral aspects, Yun
and Park [24] proposed the concept of Internet health
information use efficacy that is reliant on the concept of
Bandura’s self-efficacy [25]. Here, self-efficacy is
conceptualized as a person’s ability to achieve a directed goal.
Thus, Internet health information use efficacy refers to the
individual’s cognitive ability to strategically seek the necessary
information by selectively using certain communicative
channels. Based on these arguments regarding Internet health
information use efficacy, this current study proposed the concept
of health-app use efficacy, which is referred to as the cognitive
ability to use health apps in order to access and seek health
information.

Here, it is meaningful to focus on the potential relationship
between eHealth literacy and health-app use efficacy. As stated
above, eHealth literacy is closely related to an individual’s
cognition of his/her own ability to seek and understand online
health information [18,26]. Such self-efficacy related to online

behaviors can be significantly associated with the use of mobile
tools with online functions—more specifically, health apps on
smart devices in this study. In other words, it is plausible that
a person with higher levels of eHealth literacy is more likely to
perceive that she/he has a better ability to use health apps. This
belief implies the positive effect of eHealth literacy on
health-app use efficacy. Ultimately, it also depicts that
health-app use efficacy mediates the relationship between
eHealth literacy and the extent of health-app use. Consequently,
this study tested the following hypothesis (H4): Health-app use
efficacy will positively mediate the relationship between eHealth
literacy and the extent of health-app use.

For a more thorough analysis of the relationships among the
main study variables, we differentiated between two different
types of health-app users based on the nature of the health apps
they use. In order to do this, we must first differentiate between
two types of health-app uses: information-oriented use and
behavior-oriented use. Information-oriented use refers to
searching for health information (eg, symptoms, medication,
preventive care) on apps. Behavior-oriented use involves active
monitoring, recording, and management of health conditions
through apps. Some examples of behavior-oriented use are using
the app, “Diabetes in Check”, to record and monitor one’s daily
insulin levels and calorie intake, or using the app, “Runkeeper”,
to keep track of one’s daily fitness routine and history.
Recognizing the different functional uses of health apps, the
two types of health-app users that we identified are as follows:
(1) information-oriented users, or single-purpose users, and (2)
information-behavior users, or dual-purpose users. Ultimately,
this study explored how the relationships among the five study
variables would differ between these two groups of users. For
this process, the following research question (RQ1) was
explored: How will the relationships among the five study
variables differ between single-purpose (information-oriented)
users and dual-purpose (information-behavior) users?

Methods

Participants
For this present study, we used a subset of data collected for a
larger research project, which examined Koreans’ general use
of media for health information. The data were collected through
an online survey administered by a Korean professional research
company, well-known for managing the largest sampling pool
in Korea. The sample for the larger project was chosen through
a proportionate stratified sampling method, considering gender,
age, and residential area. All survey participants were informed
of the overall study goals and procedures. Only those who
agreed to participate in the online survey were given access to
the survey.

The questionnaire, conducted in Korean, included a question
that asked the participants to report the different types of media
they used in order to search for health information. Only data
from those participants that marked the item of “mobile health
apps” for this particular question were included in this current
study. In other words, all participants included in the current
study used health apps for information-oriented purposes.
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Through this process, we were able to obtain a total of 765
surveys. There was a negligible difference in terms of gender
composition: 50.6% (387/765) were male and 49.4% (378/765)
were female. In terms of residential area, participants were from
metropolitan areas (40.0%, 306/765), middle-size cities (36.3%,
278/765), and rural areas (23.7%, 181/765). All participants
were adults whose ages ranged from 19 to 59 years; the average
age was 37.1 years. In terms of educational attainment, the
majority of participants held either a college degree (67.5%,
516/765) or a high school degree (22.7%, 249/765). About 9%
(69/765) of the participants had graduate degrees (eg, MA or
PhD).

In order to identify the different types of health-app users, those
participants within our sample who further indicated the use of
health apps for behavior-oriented purposes (use of health apps
to monitor and manage their health conditions, such as blood
pressure, blood sugar, history of exercise, etc) were categorized
as information-behavior, dual-purpose users. The remaining
participants were categorized as information-oriented,
single-purpose users. A slightly larger portion of the survey
participants (55.3%, 423/765) engaged in both
information-oriented and behavior-oriented use, compared to
those who engaged only in information-oriented use (44.7%,
342/765). In terms of the gender composition of the two groups,
it was observed that, while there were slightly more female
participants in the information-oriented use group (50.6%),
there were slightly more male participants in the
information-behavior use group (51.5%, 387/765). However,
this gender difference was negligible for both groups. The
average age of information-oriented users was slightly older
(mean 38.9, SD 10.6) than that of information-behavior users
(mean 35.7, SD 10.6).

Instruments

Overview
All measures, except for the extent of health-app use, were
constructed as 5-point Likert-type scales (eg, 1=strongly
disagree, 5=strongly agree). Reliability tests for the four
composite measures of this study reached acceptable Cronbach
alphas (higher than .70).

Extent of Health-App Use
The extent of health-app use was conceptualized as the intensity
of using health apps and was measured through a single item
measured on a 6-point scale. Specifically, the participants were
asked to answer the following question, “In the last month, how
much time did you spend using health apps?” (1=less than 1
hour, 2=1-2 hours, 3=2-4 hours, 4=4-6 hours, 5=6-10 hours,
and 6=more than 10 hours). As the extent of health-app use is
a unidimensional factor, the use of a single-item measure is
quite acceptable [27,28]. Moreover, in place of using the typical
Likert-type options, such as a 5-point scale with options such
as “much”, “very much”, and “little”, we created and used
categories composed of six points, corresponding to the amount
of time spent on health apps, in order to obtain a more objective
and reliable measurement of the concept. According to previous
research [29-31], this type of data format can be used for
common parametric tests. Furthermore, following the guidelines

from Kline [29] and Lee and Lim [32], the bootstrapping
analysis was applied for the path analysis in order to eliminate
any standard errors from the non-normal distribution.

Health Consciousness
This factor was measured through Dutta-Bergman’s scale [17],
which measured the health-consciousness attitude through five
items. Due to a low factor loading score (smaller than .50), one
item was removed from further analysis. Examples of the items
are as follows: “I am doing relatively well in taking care of my
health” and “My health depends on how well I take care of
myself”. The reliability score for this measurement was
acceptable (mean 3.16, SD 0.64, N=765, alpha=.84).

Health Information Orientation
In order to measure health information orientation, we used
Dutta-Bergman’s original scale [17] composed of eight items.
In the process of the factor analysis, one item was removed from
further analysis due to its low factor loading score. Example of
the items are as follows: “To be and stay healthy, it is critical
to be informed about health issues” and “When I take medicine,
I try to get as much information as possible about its benefits
and side effects”. This factor had an acceptable Cronbach alpha
score (mean 3.48, SD 0.55, N=765, alpha=.86).

eHealth Literacy
In order to measure eHealth literacy, we used four items from
Norman and Skinner’s scale [17]. Examples of these items are
as follows: “I know how to find useful health information
through the Internet” and “I have the skills I need to evaluate
the health resources I find on the Internet”. The reliability score
for this measurement was acceptable (mean 3.23, SD 0.59,
N=765, alpha=.85).

Health-App Use Efficacy
In order to measure this variable, we reworded four items from
Compeau and Higgins’ scale for computer self-efficacy [33].
Examples of those four items are as follows: “It is easy to learn
how to use health apps on my smartphone” and “I can evaluate
well the quality of health apps on my smartphone”. This factor
also had an acceptable Cronbach alpha score (mean 3.23, SD
0.64, N=765, alpha=.87).

Results

Descriptive Statistics
Before conducting the path analysis, we analyzed the descriptive
statistics for the five main variables. Through a series of
independent samples t tests, one-way analysis of variance
(ANOVA), and a bivariate correlation analysis, we checked for
any differences in the variables in terms of gender, age,
education level, and use patterns. First, we found significant
gender differences in health consciousness (Mmale=3.30,
Mfemale=3.03, t=6.06, P<.001) and eHealth literacy (Mmale=3.31,
Mfemale=3.15, t=3.83, P<.001). Male participants reported higher
scores for these two variables. Next, while age was positively
correlated with health information orientation (r=.157, P<.001),
it was negatively correlated with health-app use efficacy
(r=−.136, P<.001) and the extent of health-app use (r=−.107,
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P<.001). Third, the results from ANOVAs reported significant
educational differences in health consciousness (F2,762=5.20,
P=.006) and eHealth literacy (F2,762=1.86, P=.019). The post-hoc
tests for these two ANOVAs indicated that people with higher
educational backgrounds reported higher levels of health

consciousness and health-app use efficacy. Last, the results from
the independent samples t test indicated that, except for health
consciousness, the levels of all other four variables were
significantly higher among information-behavior users compared
to information-oriented users (see Table 1).

Table 1. Results for independent samples t test between information-oriented and information-behavior users.

P valuet valueInfo-behaviorInfo-orientedVariable

mean (SD)

.08−1.773.20 (0.63)3.12 (0.64)Health consciousness (HC)

<.001−4.443.60 (0.55)3.38 (0.55)Health information orientation (HIO)

<.001−4.873.32 (0.60)3.12 (0.56)eHealth literacy (eHL)

<.001−5.853.40 (0.67)3.12 (0.68)Health-app use efficacy (HAUE)

<.001−5.593.43 (1.51)2.84 (1.34)Extent of health-app use (HAU)

Hypotheses Tests
For testing the multiple hypotheses, we developed a path model
composed of five paths. In order to test these hypotheses, we
conducted a path analysis using AMOS 21 (SPSS software).
Further, in order to minimize the standard errors from the
non-normal distribution, we followed guidelines from Kline
[29] and Lee and Lim [32] and conducted a bootstrapping
analysis using a sub-sample of 200 from our study sample.
Therefore, the P value for each path was calculated through a
bias-corrected percentile method. We checked both the
comparative and absolute fit indices in order to evaluate the
goodness-of-fit of the proposed path model: comparative fit
index (CFI; higher than .90), incremental fit index (IFI; higher
than .90), and standardized root-mean squared residual (SRMR;
lower than .10). Although the results from the path analysis of
the initial model (see Figure 1) presented acceptable model fits

(χ2
2= 27.5, CFI=.95, IFI=.95, SRMR=.04), the modification

indices indicated the necessity to add a path from health
information orientation to health-app use efficacy. To develop
the final model, we removed two insignificant paths and added
one path (see Figure 2). As a result, the final model illustrated

much better model fits (χ2
3=1.02, CFI=1.0, IFI=1.0,

SRMR=.007). Comparing the initial model to the final model,
the chi-square largely and significantly decreased by 26.4 as
the degree of freedom increased by one unit. H1 hypothesized
a positive association between health consciousness and the
extent of health-app use. Fully supporting H1, health
consciousness positively and strongly impacted the use of health
apps (beta=.286, P=.012).

H2 and H3 focused on the roles of health information orientation
and eHealth literacy in directly influencing the extent of
health-app use. With regard to these two hypotheses, the results
from the path analysis indicated that neither health information
orientation (beta=.08, P=.38) nor eHealth literacy (beta=−.09,
P=.508) had a direct effect on the extent of health-app use (see
Figure 1). These results indicate that H2 and H3 were rejected.

However, as the final path model (Figure 2) indicates, health
information orientation strongly impacted health-app use
efficacy (beta=.220, P=.011). This reveals the indirect effect of
health information orientation on the actual use of health apps.
Therefore, in order to test the role of health-app use efficacy in
mediating the relationship between health information
orientation and the extent of health-app use, we used Sobel’s
test. The test result found a significant mediating effect of
health-app use efficacy (Sobel’s statistic=2.45, P=.014).

Next, paying attention to the influential cognitive role of
self-efficacy in individuals’ actual behaviors, we focused on
health-app use efficacy. In this study, we hypothesized that
health-app use efficacy would positively mediate the relationship
between eHealth literacy and extent of health-app use (H4). The
results from the path analysis indicated that eHealth literacy
strongly and positively affected health-app use efficacy
(beta=.39, P=.005), which ultimately impacted the extent of
health-app use (beta=.233, P=.023). Additionally, in order to
test this mediating effect of health-app use efficacy, we used
Sobel’s test. The result from Sobel’s test fully supported the
mediating effect of health-app use efficacy (Sobel’s
statistic=2.67, P=.007), thereby fully supporting H4.

Last, through RQ1, this study explored how the relationships
among study variables would differ across the two groups of
health-app users—information-oriented users vs
information-behavior users. For this exploration, we conducted
a multi-group structural equation modelling (SEM) for the final
model (see Figure 2) and compared four pairs of regression
coefficients for the two groups. Table 2 shows the results from
the statistical comparison. The results indicated that only the
path from health-app use efficacy to the extent of health-app
use was statistically different between the two groups (Z=−2.14,
P=.03). Specifically, while the direct effect of health-app use
efficacy on the extent of health-app use was statistically
significant among information-behavior users (beta=.319,
P=.008), such effect was not significant among
information-oriented users (beta=−.045, P=.734).
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Table 2. Comparisons of regression coefficients between information-oriented users and information-behavior users.

P valueZ scoreInformation-behavior users, βInformation-oriented users, βPath

>.10−.73.315.193HCa → HAUe

>.10−.31.221.189HIOb → HAUEd

>.10−.77.42.352eHLc → HAUE

.03−2.14.319−.045HAUE → HAU

aHC: health consciousness
bHIO: health information orientation
ceHL: eHealth literacy
dHAUE: health-app use efficacy
eHAU: extent of health-app use

Figure 1. Initial path model of main study variables with entire sample. HC: Health Consciousness; HIO: Health Information Orientation; eHL: eHealth
Literacy; HAUE: Health-App Use Efficacy; HAU: Extent of Health-App Use; e1: Standard Error for HAUE; e2: Standard Error for HAU.

Figure 2. Final path model of main study variables with entire sample. HC: Health Consciousness; HIO: Health Information Orientation; eHL: eHealth
Literacy; HAUE: Health-App Use Efficacy; HAU: Extent of Health-App Use; e1: Standard Error for HAUE; e2: Standard Error for HAU.
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Discussion

Principal Findings
Considering the lack of studies on the motivational factors of
health-app use, the main goal of this study was to explore how
cognitive factors would motivate individuals’use of health apps.
In particular, paying attention to two different types of
health-app use—information-oriented (single-purpose) use and
information-behavior (dual-purpose) use—we focused on four
cognitive factors: health consciousness, health information
orientation, eHealth literacy, and health-app use efficacy. Before
conducting the main path analysis, we checked for differences
in the five main variables across gender, age, education, and
patterns of health-app use. Consistent with the previous research
on health apps [5], younger participants reported higher scores
for both health-app use efficacy and extent of health-app use;
further, participants with higher educational backgrounds tended
to be more conscious of their health and have higher levels of
eHealth literacy. Moreover, this study found that, compared to
women, men also reported higher levels of health consciousness
and eHealth literacy. These results support the findings of the
previous research. Another notable finding is that
information-behavior users reported higher scores for most
variables compared to information-oriented users.

In addition to these descriptive findings, a number of meaningful
findings were observed through a path analysis. First, supporting
the findings of previous research regarding the positive functions
of health consciousness [17], health consciousness in this study
was also found to be positively and significantly associated with
individuals’ use of health apps. That is, individuals more
interested in taking care of themselves are more likely to use
health apps than individuals less conscious of their health. This
finding reaffirms the existing knowledge that understands health
consciousness to be one of the most dominant factors guiding
the adoption of health technologies.

Next, it is noteworthy that, unlike the initial predictions, there
was no direct effect of health information orientation and
eHealth literacy on the extent of health-app use. Rather, the
effects of these two factors were mediated by health-app use
efficacy. This indicates the significant roles of health-app use
efficacy. In general, people who are more oriented toward
actively seeking health information and having a better
understanding of online health information tend to be more
efficient in using health apps as well as allocating more time
for health apps. However, as the results from the multi-group
SEM show, the effect of health-app use efficacy on the extent
of health-app use was statistically significant only among
information-behavior users. This may be due to the displacement
of media for health information [34,35]. Information-oriented
users may irregularly and occasionally use health apps only at
those times that they are in need of certain types of health
information. On the other hand, information-behavior users also
tend to occasionally seek health information, but manage their
health on a regular basis. Here, it must be considered that general
health information can be obtained through various online
sources. This implies that health apps for general health
information can be more easily displaced by these convenient

alternatives. However, considering their habitual use of health
apps for health management, information-behavior users may
need to invest in additional resources in order to seek and
routinize alternative media. Moreover, when a person is
efficiently using a certain health app on a regular basis, she/he
will be more inclined to continue using the app and more
reluctant to displace it. This particular finding addresses the key
roles of health-app use patterns for determining the
intensity/extent of health-app use and, further, theoretically
contributes to widening our understanding of the behavioral
aspects of health-app use.

Furthermore, this significant role of health-app use efficacy
suggests the following practical implication. Health-app use
efficacy is conceptually reliant on Bandura’s [25] concept of
self-efficacy. Moreover, with regard to technology use,
self-efficacy is often related to the perceived ease of using
certain technologies. Consequently, when an individual
perceives higher ease of using health apps, she/he may feel
higher health-app use efficacy. This addresses the importance
of creating health apps that allow higher levels of ease and
convenience in use. Although popular health apps provide users
with detailed, useful information, many of them require users
to complete multiple steps in order to access such information.
For example, in order to obtain information about one’s daily
calorie intake through the smartphone app, “Lose It”, users must
first complete several steps and provide many details about their
meals (eg, exact categories and amounts of each component of
their breakfast, lunch, dinner, and snacks). Although this app
provides users with accurate information, the repetitive and
complex process requires users to invest a great amount of time
and mental energy. This may negatively impact users’health-app
use efficacy, ultimately affecting their willingness to use the
app. Therefore, there is a need for practitioners to work on the
simplification and reduction of algorithms in constructing health
app processes.

Limitations
Overall, these findings will serve as helpful empirical and
theoretical foundations for future research on health apps.
Moreover, they may guide practitioners in developing more
realistic and strategic plans to enhance health-app consumption.
Nevertheless, considering the limitations of this present study,
the following points are recommended for future research. First,
as stated above, people use health apps for different reasons—to
exercise, to lose weight, to check blood sugar, to track period
cycles, and so forth. Based on the above uses and the
gratification theory [36], the different purposes for using health
apps may be related to motivational factors. Although this
present study focused on two different general patterns of
health-app use—information-oriented use and
information-behavior use—future research will benefit from a
more thorough exploration of the more diverse range of
functions that health apps have, particularly the functions of
those that focus on specific types of health conditions and needs
(eg, apps for Type 2 diabetes, Alzheimer’s, pregnancy, fitness).
Moreover, it is possible that the time spent on health apps may
be determined by the specific functions afforded by the health
apps. For instance, the use of health apps to check for blood
sugar levels will require much shorter amounts of time than the
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use of fitness apps that track how many miles one has been
running; although it is possible that the former type of apps may
be used on more frequent levels. Consequently, for future
research, it is recommended to grant attention to the multiple
aspects of health-app use, particularly with regard to the extent
and frequency of use, based on a more detailed identification
of the specific features and functions of various apps.

Next, another limitation of this current study is the relatively
large portion of participants with college degrees. Although it
has been often observed that individuals with higher levels of
education tend to more actively adopt new technologies (eg,
smart devices) [37], it is still necessary to collect more
representative samples for future research. Considering the
effects of social influences on technology adoption and use
[36,38-40], it becomes more vital to collect samples with higher
representativeness with regard to the socioeconomic status
(SES). This is mainly because social influences are closely
connected to educational levels and SES. That is, individuals
with higher educational levels and SES are more likely to be
affected by the subjective norms of their influential others who
are more open to new technologies. Accordingly, it is
recommended for future research to further consider the roles
of educational levels and SES that are related to social influences
by collecting more representative samples.

Finally, in terms of health information-seeking behaviors, we
need to consider the following points. As Baumgartner and
Hartmann [37] argued, searching for online health information
is closely related to one’s level of health anxiety. Moreover,

research depending on information management theory [41-43]
has stated that a person diagnosed with a chronic illness (eg,
AIDS, cancer) will want to manage the amount of available
information they are exposed to, rather than proactively seek
information in order to reduce uncertainty. These findings
commonly indicate that information-seeking behaviors through
health apps are possibly moderated by people’s actual health
conditions. In other words, it is possible that people with chronic
illnesses are less inclined to seek further information even
though they have high levels of eHealth literacy as well as
health-app use efficacy. Therefore, future research may consider
further studying health-app use in relation to individuals’
personal health conditions.

Conclusions
As a specific realm of mobile health, smartphone health apps
are a significant form of technology that people have become
increasingly interested in. However, we have had little
understanding of the motivational factors that guide people to
use health apps. Accordingly, this study aimed at exploring the
effects of four cognitive factors—health consciousness, health
information orientation, eHealth literacy, and health-app use
efficacy—on the extent of health-app use. The results from a
path analysis addressed the significant direct effect of health
consciousness as well as strong mediating effects of health-app
use efficacy. These findings contribute to broadening our
comprehension of the new, digital dimensions of health
management that revolve in particular around mobile
technology.
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Two challenging issues in Internet intervention research, as well
as in other behavioral intervention trials, are ensuring that
participants receive the intervention (adherence) and that their
outcomes are captured at follow-up (retention) [1]. The
interesting analysis presented by Murray et al [2] demonstrated
that, at least in their study sample, the participant adherence
and retention were positively related.

One issue to consider is whether this finding can be replicated
in other study samples. It is possible that research involving,
for example, different recruitment methods or with higher (or
lower) retention rates, might not display this same positive
relationship. To that purpose, results were examined from an
Internet intervention trial that employed a proactive telephone
recruitment method and obtained complete follow-up data for
86% of participants [3-5]. As with the Murray et al study [2],
adherence (measured by the number of intervention participants
logging onto a brief alcohol intervention, where N=92; 57
participants logged onto the intervention and 35 participants
did not log on) and retention were strongly positively related
(retention at 3-months: logged onto intervention=100%, did not
log on=80%, P<.001; retention at 6-months: logged onto
intervention=100%; did not log on=80%, P<.001; retention at
12-months: logged onto intervention=96%; did not log
on=74.3%, P=.002; Fisher’s Exact Tests).

Given that the positive relationship between adherence and
retention can be replicated, what are the implications of this
finding? From one perspective, the fact that these two key issues
are related could underline the increased importance of obtaining
a good retention rate. This is because the positive relationship
of adherence to retention implies that a confound in the
interpretation of the results is more likely as loss to follow-up
(or reduced adherence to the intervention) increases.
Alternatively, it could be argued that this positive relationship
might reduce the importance of obtaining a good retention rate.
This is because traditional intent-to-treat analysis assumes that
participants who are lost to follow-up do not make any change
in their behavior from baseline to follow-up (and are included
as imputed values in the analysis based on this assumption). If
it is then assumed that only those participants who accessed the
intervention will actually make a change in their behavior, then
the fact that participants who adhere to the intervention are more
likely to follow-up can only increase the likelihood that
participants who are lost to follow-up are less likely to have
made a change in their behavior (thus validating the
intent-to-treat analysis assumption). Determining which of these
implications is correct is important, particularly in a field where
low retention rates are an unfortunate reality in many research
trials [1].
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