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Abstract

Background: Chronic back pain (CBP) represents a significant public health problem. As one of the most common causes of
disability and sick leave, there is a need to develop cost-effective ways, such as Internet-based interventions, to help empower
patients to manage their disease. Research has provided evidence for the effectiveness of Internet-based interventions in many
fields, but it has paid little attention to the reasons why they are effective.

Objective: This study aims to assess the impact of interactive sections of an Internet-based self-management intervention on
patient empowerment, their management of the disease, and, ultimately, health outcomes.

Methods: A total of 51 patients were recruited through their health care providers and randomly assigned to either an experimental
group with full access to the Internet-based intervention or a control group that was denied access to the interactive sections and
knew nothing thereof. The intervention took 8 weeks. A baseline, a mid-term after 4 weeks, and a final assessment after 8 weeks
measured patient empowerment, physical exercise, medication misuse, and pain burden.

Results: All patients completed the study. Overall, the intervention had a moderate effect (F1.52=2.83, P=.03, η2=0.30, d=0.55).
Compared to the control group, the availability of interactive sections significantly increased patient empowerment (midterm
assessment: mean difference=+1.2, P=.03, d=0.63; final assessment: mean difference=+0.8, P=.09, d=0.44) and reduced medication
misuse (midterm assessment: mean difference=−1.5, P=.04, d=0.28; final assessment: mean difference=−1.6, P=.03, d=−0.55)
in the intervention group. Both the frequency of physical exercise and pain burden decreased, but to equal measures in both
groups.

Conclusions: Results suggest that interactive sections as part of Internet-based interventions can positively alter patients’ feelings
of empowerment and help prevent medication misuse. Detrimental effects were not observed.

Trial Registration: ClinicalTrials.gov: NCT02114788; http://www.clinicaltrials.gov/ct2/show/NCT02114788 (Archived by
WebCite at http://www.webcitation.org/6ROXYVoPR).

(J Med Internet Res 2014;16(8):e180)   doi:10.2196/jmir.3474

KEYWORDS

Internet-based intervention; interactivity; patient empowerment; chronic back pain; health outcomes; decision; health; physical
activity; pain burden; medication misuse; gamification
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Introduction

Chronic Back Pain
Chronic back pain (CBP) is one of the most highly prevalent
medical conditions and represents a significant public health
problem. It is the second most common pain after headache and
it has been identified recently as the single most important
among the principal causal factors of years lived with disability
worldwide [1]. As recently evaluated by Dunn et al [2], CBP
is often described as a persistent condition with more than
one-third of patients suffering for more than 3 years and
restricting the daily activities of approximately one-third of the
population annually. It is one of the most common symptomatic
reasons people seek health care [2]. The costs of CBP in the
European Union are considerable and have been estimated to
exceed €12 billion each year [3]. As one of the most common
causes of disability and sick leave, there is a need to develop
new and cost-effective ways to manage the condition [2,3].

Internet-Based Interventions
One such way is through Internet-based interventions. They can
play an important and compensatory role in helping CBP
patients to develop appropriate self-management attitudes and
strategies. In recent years, the Internet has become a prolific
source for health information [4]. Today, there are hundreds, if
not thousands, of health-related Internet intervention websites.
In many cases, they have become a source of support for people
with similar health conditions. In particular, these online
programs can improve users’ knowledge and perceived social
support, and can therefore have a positive impact on health
attitudes and the behavior of people affected by chronic
conditions [5-8].

In the last 15 years, the effectiveness of Internet-based
interventions has been investigated in many different chronic
conditions such as headache, panic disorder, cancer, eating
disorders, and, more recently, fibromyalgia and back pain [4-10].
The results of these studies are promising and indicate that
Internet-based interventions are effective in improving
self-management skills and self-help capabilities, and they
represent a cost-effective alternative to traditional health care
services [9]. The effectiveness of Internet-based interventions
is now well documented by several reviews and meta-analyses
[11-17].

Despite the positive outcomes of these interventions, research
has also identified some limitations of assessments of
Internet-based interventions [16,17]. From a methodological
point of view, some findings from previous studies have been
interpreted as equivocal because they did not respond to the
scientific criteria of clinical trials. Most of the studies were
observational, not controlled, and carried out with specific
cohorts of participants [4,9]. Other studies failed to describe
randomization adequately or to blind patients to the treatment
group they belonged to [4,9].

From a theoretical point of view, many studies on Internet-based
interventions have tried to answer the question of whether they
were effective without investigating how this effect came about
[18]. This means many interventions were treated as a “black

box”, without any noticeable focus on the different functions
and components of their application. In order to understand how
an intervention can be effective, the effective elements of
interventions can be identified by appropriate experimental
research. The design for that is straightforward: one group is
given access to elements of which the effectiveness is to be
studied while a control group is denied that access. The
differences in measured effects can be clearly attributed to the
elements under study.

Interactivity in Internet-Based Interventions
In the context of Internet-based interventions, a variable to be
considered for such research is one of the major features of the
Internet—its potential for interactivity [19]. There are two
elements that constitute interactivity. As Sundar claimed: “One
of the simplest ways to conceptualize interactivity is as a feature
of the medium, specifically the variety of modalities that it offers
for the user to experience the various parts of a website, from
simple text to graphics, animation, audio and video” [20]. This
variety of modalities enriches the speed, the range, and the
mapping of the information, which are the three defining
elements of interactivity according to Steuer [21]. Speed refers
to “the rate at which input can be assimilated into the mediated
environment”, range refers to “the number of possibilities for
action at any given time”, and mapping refers to “the ability of
a system to map its controls to changes in the mediated
environment in a natural and predictable manner” [21]. The
other element of interactivity is the potential for exchange. That
means users cannot only choose what they get from the
intervention and how they get it, they also have a chance to talk
back to the medium and be talked back to in return. That is,
they can ask questions and get tailored answers, they can answer
questions others ask them, they can post their experience and
receive reactions, and they can react to other people’s
experiences [22].

Interactivity can positively affect patient empowerment [19].
Patient empowerment is defined as a complex construct that
includes different individual competencies and skills. According
to Perkins and Zimmerman [23], empowerment goes beyond
self-esteem, self-efficacy, competency, locus of control, and
other traditional psychological constructs and can be considered
a multilevel and multidimensional construct [24-26] closely
linked to self-determination [27,28] and self-efficacy [29,30].
Moving from these considerations and favoring a psychological
perspective, Thomas and Velthouse [31] proposed a cognitive
model of empowerment, defined as increased intrinsic task
motivation, where task motivation involves positively valued
experiences that individuals derive directly from a task. In this
respect, empowerment “can refer to feelings of power, control,
and self-esteem that lead the patient to value autonomy—and
thus interest in and desire to participate in health care decisions.
This makes empowerment and its dimensions motivational
constructs, and empowerment can be called volitional in this
vein” [32,33]. Although evidence for the linkage between
interactivity and patient empowerment is scarce [19,34], the
former is said to enhance the latter because it helps individuals
to be active, stimulates a positive attitude to learning, and
enhances the value of autonomy [35-37]. Being a motivational
construct, patient empowerment is considered a predictor of
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self-management behaviors, which ultimately affect the health
of chronically ill patients [38].

Interactivity affects not only empowerment. Self-management
behaviors as well as patients’ health status are also deemed to
be impacted by Internet-based interventions, especially its
interactive features [39-41]. If good self-managers in reality are
better able to cope with CBP, this experience should be
discernable in the stories and experiences related on the
interactive sections of the website [39]. A person using these
sections should therefore be likely to find examples of how
self-management helps other patients cope with the condition.
Such positive examples should lead to the conclusion that one’s
own methods of self-management could be helpful in coping
with the condition. This in turn should reinforce the impression
that it is important what one can do to better cope and should
thus, on a more general level, reinforce the impression one has
of one’s own empowerment in dealing with the disease.
Therefore, the interactive elements in health care websites can
be expected to augment health self-management.

Other outcomes that may be influenced by Internet-based
interventions, particularly the interactive sections on these
interventions, include physical exercise and medication
adherence [40,41]. Physical exercise is generally recommended
for effectively reducing or better coping with CBP [40] and is
therefore the major device for self-management and, as such, a
prime target of Internet-based interventions. Medication
adherence (in other words, reduced medication misuse) is
equally important with respect to reducing back pain without
putting one’s life at risk.

The ONESELF Website
This study focuses on the evaluation of a specific Internet
based-intervention and its interactive features called ONESELF
[42]. The website was first implemented in 2008 to support
finding information and learning how to manage CBP and, since
2009, fibromyalgia. Research has shown that the website, which
is available in Italian, was by and large successful [19,34,41,43].
It was developed by the Institute of Communication and Health
of the Università della Svizzera italiana (Switzerland) in
collaboration with a team of rheumatologists and
physiotherapists. The health team produced the medical contents
and was available to interact with subscribed patients.
Communication experts reframed the contents, making them
comprehensible for the general public. The website was
re-launched in 2013 with a completely new interface and a
widening of its scope to include rheumatic arthritis.

For this study, a modified version of the original website was
created, restricting access to content on CBP only. A choice of
static features including the Library, the First Aid section, and
a Frequently Asked Questions (FAQ) section as well as
interactive features including the Virtual Gym and the
Testimonials and Commentaries sections were maintained from
the ONESELF website (for a detailed description, see
[19,34,41,43]). In addition, two interactive features were newly
developed and implemented: a weekly Action Plan and a Quiz
Game. The weekly Action Plan required patients to select at
the beginning of each week from a predefined list one or more

physical activities of varying intensity to be completed during
the week. Reminder short message service (SMS) supported
patients in complying with the plan. This feature was added
based on insights into its effectiveness on chronic disease
management from previous online and offline interventions
[44-46]. The Quiz Game was an online examination test that
allowed patients to test the information learned during
navigation of the website. Patients received a multiple choice
question at the end of each visited section. For every correct
answer, patients earned virtual points. The sum of these points
was used to classify patients in a ranking that was available to
all study participants of the intervention group so that patients
could see how they scored in comparison to others. This form
of interactivity through feedback was proposed in the context
of gamification, with the aim of using game thinking and game
mechanics in non-game contexts to engage users in improving
knowledge on CBP and patient empowerment [47]. Screenshots
of the modified ONESELF website are available in Multimedia
Appendix 1.

Study Objectives
The aim of the present randomized controlled study is to
understand not only whether Internet-based interventions like
ONESELF can impact patient empowerment, self-management
behaviors, and, ultimately, the health status of CBP patients,
but also how this can be achieved through interactive features.
Thus, we propose two major hypotheses pertaining to the four
desirable outcomes: patient empowerment, patients’
improvement of self-management in terms of increased physical
exercise and reduced medication misuse, and lower pain burden.
These outcomes will improve in CBP patients over the course
of the Internet-based intervention—Hypothesis 1 (H1): there
will be improvement at the time of the midterm assessment over
the baseline assessment and improvement at the time of the
final assessment again over the baseline assessment; and
Hypothesis 2 (H2): the improvement in the desirable outcomes
(empowerment and physical exercise) as well as the decrease
in the undesirable outcomes (medication misuse, pain burden)
will be larger for CBP patients with access to the interactive
sections than for patients denied this access.

Methods

Study Design
To investigate the effect of interactivity, a randomized parallel
controlled study was designed (NCT02114788). Two different
versions of the modified website were created, one containing
only static features (ie, Library, First Aid, and FAQ) and the
other containing both static and interactive features (ie, Virtual
Gym, Action Plan, Testimonials and Commentaries, and Quiz
Game; see Figure 1 for home page). For the intervention group,
however, access to the complete version was not granted from
the beginning as interactive features were added consecutively
week by week as shown in Figure 2. This way, patients in the
intervention group had the opportunity to become gradually
familiar with the interactive features and to focus week by week
on specific content and activities. Patients were blinded to the
arm to which they were randomized.
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Figure 1. ONESELF home page.

Figure 2. Design and timeline of randomized controlled study.

Recruitment
Prospective participants were continually screened from
February to June 2013 through their health care provider at
selected clinics and rehabilitation centers in the Italian-speaking
Canton Ticino (Switzerland). In each clinic and rehabilitation
center, at least one health care provider was identified as a
reference person who introduced the study to patients meeting
predefined inclusion criteria. These were: (1) aged >18 years,
(2) having suffered from back pain for at least 3 months, (3) no
concurrent involvement in other studies, and (4) Italian native
speakers. Patients who met these inclusion criteria and who

showed interest in the study were asked to fill out a response
card including their email address. A total of 85 response cards
with valid email addresses were obtained. These patients
subsequently received an email with a link to a detailed
description of the study including an informed consent
paragraph. Of the 85 interested patients, 51 eventually agreed
to participate in the study. Figure 3 gives additional details of
the screening, recruitment, and randomization process. The
study, including the described recruitment procedure, was
approved by the Ethics Committee of the Canton Ticino (Rif.CE
2337).
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Figure 3. Screening, recruitment process, and random assignment.

Procedure and Randomization
The enrollment period started at the end of March 2013, and
the last patient was enrolled at the end of June 2013 (3 months).
Participants had access to the modified website over the course
of 8 weeks. The entire study finished at the beginning of
September 2013.

After confirming eligibility and obtaining informed consent
from the patient (via email), the study coordinator randomly
allocated participants to the two-armed parallel groups using a
freely available computerized random number generator
program. A permuted block randomization design method was
used during the 3-month enrollment period to ensure roughly
equal numbers of patients were allocated to each group. There

was no face-to-face contact between the patients and research
team at any point in the study, which allowed participants to
live anywhere in Canton Ticino (Southern Switzerland). Of the
51 participants, 27 were allocated to the intervention group and
24 to the control group. Each participant logged in with a unique
user ID so that no identifying information would be linked to
their assessment, and the data were stored on secure servers. A
password-protected document linking participant names to user
IDs was maintained by the study coordinator, but this was not
accessible to individuals involved in analyzing outcome data.
Before granting access to the website, all participants were asked
to complete an online questionnaire for baseline assessment.
After 4 weeks, participants were asked to complete an online
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questionnaire for midterm assessment, and, after 8 weeks, this
was repeated to get a final assessment.

Outcome Measures

Overview
All outcome measures in this study were developed and
validated in English. These measures were translated into Italian
and adapted to the Ticino context following standardized
procedures as reported in previously published studies [19,34].
For the present study, we assessed internal consistency among
patients with CBP in order to confirm the reliability of the scales
in our specific context.

Empowerment
Empowerment was measured with the Psychological
Empowerment Scale [31] originally developed by Thomas and
Velthouse, already cited above. The scale was originally
developed for use in the workplace setting and it was adapted
to be used in the health care setting [19,34]. According to the
authors, empowerment is a multidimensional concept composed
of four cognitive dimensions (or task assessments): (1) impact
(or the degree to which behavior is seen as “making a
difference”), (2) competence (or the degree to which a person
can perform task activities skillfully), (3) meaningfulness (or
the individual’s intrinsic caring about a given task), and (4)
choice (or whether a person’s behavior is perceived as
self-determined) [48]. This conceptualization aims at
psychological empowerment, that is the subjective impression
that one has mastery over one’s health decisions. Incorporating
the multidimensionality of the concept, the scale used in this
study consisted of three items adapted to the context of CBP
for each of the four subdimensions: meaning (eg, “Dealing with
my back pain is very important to me”), competence (eg, “I am
confident about my ability to do deal with back pain”),
self-determination (eg, “I have significant autonomy in
determining how I deal with my back pain”), and impact (eg,
“My control over the management of my back pain is large”).
Participants responded on a Likert scale ranging from 1 (strongly
disagree) to 7 (strongly agree) with higher values suggesting
higher levels of psychological empowerment. At all three
assessment points, the four subscales presented good internal
consistency with an alpha value ranging from .71 to .94.

Medication Misuse
Medication misuse was measured with the Prescription
Medication Use and Perception of Risk Instrument [49]. The
scale includes six “yes/no” statements. A final sum score was
obtained, which provides greater sensitivity ranging from 0 (no
medication misuse) to 6 (high medication misuse) with higher
scores indicating greater levels of medication misuse. Using
the Kuder-Richardson-20 coefficient (KR-20) for dichotomous
variables [50], psychometric testing indicated that the scale was
reliable at all three assessment points (KR-20 ranging from .68
to .80).

Physical Exercise
Physical exercise in leisure time was measured with the
respective subdimensions from the Short Questionnaire to
Assess Health-Enhancing Physical Activity [51]. A sum score

was calculated for the amount of time spent on physical exercise
(hours) per week.

Pain Burden
Pain burden was measured with six items from the Chronic Pain
Grading Scale [52]. Three items measured pain intensity on an
11-point scale ranging from 0 (no pain) to 10 (pain as bad as it
could be). Another three items measured pain disability on an
11-point scale ranging from 0 (no interference/no change) to
10 (unable to carry on activities/extreme change). Higher values
imply worse health status. At all three assessment points, the
two subscales presented good internal consistency with alpha
values ranging from .74 to .92 except for the pain disability
scale that obtained a lower internal consistency at the final
assessment (α=.62).

Data Analysis
To estimate the general effect of the intervention, between-group
differences in outcome measures were analyzed with a
mixed-design analysis of variance (ANOVA). A mixed-design
ANOVA is used to test for differences between two or more
independent groups while subjecting participants to repeated
measures. Thus, in a mixed-design ANOVA model, one factor
(a fixed-effects factor) is a between-subjects variable and the
other is a within-subjects variable. Thus, overall, the model is
a type of mixed-effect model. Between-group effect sizes were
calculated according to Cohen’s d. Traditionally, effect sizes
of 0.20 are interpreted as “small” effects, 0.50 as “moderate”
effects, and 0.80 as “large” effects [53].

Testing H1, that is the improvement in patient empowerment
and physical exercise as well as the decrease in medication
misuse and pain burden, the development of self-report measures
over the three assessment points was looked at. Changes over
time were analyzed with paired samples t tests. Testing H2, that
is the stronger improvement in patient empowerment and
physical exercise as well as the stronger decrease in medication
misuse and pain burden in the intervention group over the
control group, made use of the randomized controlled study
design and potentially yielded strong evidence for the
incremental effect of interactive features over merely static
informational features. Differences between the two versions
of the intervention (static vs interactive) were analyzed with
independent samples t tests and with chi-square tests for
categorical variables. Differences in change over time were not
determined on the aggregate but on the individual level and
then averaged. This allowed the use of t tests for significance
testing.

Eventually, a multivariate ANOVA was conducted to examine
whether the conditions differed in their use of the website and
the level of satisfaction with the Internet-based intervention.

Sample Size Determination
To achieve a power of 80% with 95% confidence to detect a
clinically important difference of 1.0 point on the Psychological
Empowerment Scale [31], assuming a standard deviation of 1.5
points similar to that found in other online intervention studies
conducted in the context of ONESELF [19] and CBP [54-56],
a minimum of 45 participants in total were required [57]. In the
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present study, 51 patients were enrolled to allow for dropouts.
Calculations were done for a medium effect size (d=0.50) for
group differences after the intervention.

Results

Table 1 compares participants’ sociodemographics divided by
intervention and control group. There were no significant
differences for any patient characteristics, although there was
a trend toward higher education among participants in the
intervention group.

Table 2 shows the average scores of the outcome measures
studied under the different conditions and at different assessment
points. More precisely, it contains mean differences in the
outcome measures within the intervention group and within the
control group to test the impact of the Internet-based intervention
over time (H1). It furthermore contains mean differences in the
outcome measures between the intervention group and the
control group to test the impact of interactive elements at single
assessment points (H2). No differences occurred at baseline
assessment, providing support for random assignment. Although
data show that at baseline assessment the control group with no
access to the interactive features of the Internet-based
intervention tended to feel more empowered, but to exercise
less, to be less prone to medication misuse, and to experience
less pain burden than the intervention group, these differences
were not significant except for medication misuse.

Mean differences in the outcome measures within the control
group and within the intervention group show some
improvements over time, but not throughout both assessment
points as H1 holds. Within the intervention group with access
to the interactive website features, overall patient empowerment
as a mean score of all four dimensions increased significantly
at the midterm assessment (mean difference=+0.8, P=.01) and
remained stable at the final assessment (mean difference=+0.8,
P=.01). Among the four dimensions, the increment was higher
in self-determination (mean difference=+1.7, P<.001), meaning
(mean difference=+1.4, P=.03), and competence (mean
difference=+1.1, P=.03). In contrast, within the control group
without access to interactive features, no significant
improvement of overall patient empowerment was evident.
Furthermore, physical exercise did not improve in either of the
two conditions; quite to the contrary, it declined no matter
whether participants were given or denied access to the
interactive features of the website and no matter whether the
development up to the midterm or to the final assessment is
considered. At midterm assessment, medication misuse
decreased only in the intervention group with access to the
interactive elements (mean difference=−0.5, P=.11), while it
marginally significantly increased in the control group (mean
difference=+1.0, P=.09). Only in the intervention group did the
decrease continue, even if the change was not significant (mean
difference=−0.6, P=.11).

Eventually, at final assessment after 8 weeks from the start of
the intervention, pain burden significantly decreased in both
conditions (control group mean difference=−1.7, P<.001;
intervention group mean difference=−1.5, P<.001). The support

for H1 is therefore mixed; the hypothesis draws support only
from the change in pain burden and contingent upon condition,
empowerment, and medication misuse, while the deterioration
of physical exercise challenges the hypothesis.

With regards to H2, results of a mixed-design ANOVA show
a significant difference between the two experimental conditions

(F1.52=2.83, P=.03, η2=0.30, d=0.55). Subsequent analyses of
the comparison between the two experimental conditions at
midterm and at final assessment indicate that the addition of
interactive features very clearly improved patients’ overall
empowerment. However, the majority of the differences in
change from baseline assessment were significant and greater
at midterm assessment (mean difference=+1.2, P=.03, d=0.63),
but marginally significant and smaller at final assessment (mean
difference=+0.8, P=.09, d=0.44). This is also evident
considering the four dimensions of empowerment separately
(especially the subdimensions meaning and self-determination).
No significant difference was evident for physical exercise both
at midterm and final assessment, indicating that interactivity
had no incremental effect and was unable to work against the
decline in exercising. For medication misuse, the differences
were as expected and highly significant, meaning that
interactivity clearly helped to curb this deteriorating behavior
both at midterm assessment (mean difference=−1.5, P=.04,
d=0.28) and final assessment (mean difference=−1.6, P=.03,
d=−0.55). Eventually, interactivity had no significant effect on
decrease of the burden caused by CBP. Thus, H2 receives strong
support from looking at the outcomes of empowerment and
medication misuse, but no support from looking at physical
exercise and pain burden. There is, however, no outcome that
runs against the hypothesis.

Eventually, a multivariate ANOVA was conducted to examine
whether the conditions differed in their active participation in
the intervention. Both the intervention and the control group
were compared with regard to the use of the website, its
evaluation as a means to improve CBP, and the frequency of
navigation, which is the number of visited pages per week (Table
3).

Inspection of the univariate tests indicated that the difference
between the two experimental conditions was significant for
the frequency of navigation (P=.01), the evaluation of the
website for improvement of CBP (P<.001), and the number of
visited pages (P<.001). Participants in the intervention group,
on average, used the website more often and considered it more
effective for improving CBP than participants in the control
group. The sections most visited by participants in the
intervention group were the Library (48%, 13/27) and the Virtual
Gym (33%, 9/27), while the sections more visited by the control
group were the Library (80%, 19/24) and FAQ (12%, 3/24).
Between-group comparison at both assessment points showed
that the intervention group used the website more often and
evaluated it as more beneficial. Furthermore, within- group
comparison showed that in both the intervention and the control
group website use significantly decreased over time showing a
“wearout effect”, while the evaluation of the website for CBP
improvement remained stable.

J Med Internet Res 2014 | vol. 16 | iss. 8 | e180 | p.9http://www.jmir.org/2014/8/e180/
(page number not for citation purposes)

Riva et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Sociodemographic characteristics of participants at baseline assessment.

SignificanceIntervention group, (n=27)

n (%)

Control group, (n=24)

n (%)

Characteristic

0.89aGender

14 (51.9)12 (50.0)Female

13 (48.1)12 (50.0)Male

0.13bHighest educational attainment

1 (3.7)1 (4.1)Primary school

3 (11.1)7 (29.1)Secondary school

14 (51.9)13 (54.1)High school

9 (33.3)3 (12.7)University

0.81bCurrently in professional occupation

16 (59.3)14 (58.3)Yes

11 (40.7)10 (41.7)No

0.58b44 (13.6)51 (14.1)Age, mean (SD)

0.64b7.9 (7.2)9.3 (8.7)Pain duration in years, mean (SD)

aChi-square test
bIndependent samples t test

Table 2. Means, mean differences, and significance levels for outcome measures within and between two experimental groups.

Difference
between
BA and FA

Difference
between
BA and
MA

Difference in
change from
BA to

Final assessment
(FA)

Midterm assess-
ment

(MA)

Baseline assess-
ment

(BA)

IGCGIGCGFAMAdDiffIGCGdcDiffIGCGDiffIGbCGa

+(+)+(+)++++±0Hypothesized difference

+0.8f+0.05+0.8e−0.4+0.8d+1.2e0.44+0.34.84.50.63+0.7d4.84.1−0.54.04.5
Empowerment: total
score

+0.9e+0.3+0.9d−0.5+0.6+1.4e0.09+0.15.35.20.70+0.9e5.34.4−0.54.44.9Empowerment: meaning

+1.0g0.0+0.7d−0.5+0.9d+1.1e−0.35+0.55.04.50.53+0.6d4.64.0−0.54.04.5
Empowerment: compe-
tence

+0.9f−0.2+1.2g−0.5+1.1d+1.7g0.27+0.44.64.20.71+1.0e4.93.9−0.7d3.74.4
Empowerment: self-deter-
mination

+0.5−0.1+0.8d−0.1+0.6+0.90.16+0.14.34.20.34+0.44.64.2−0.53.84.3Empowerment: impact

−0.9−1.1e−0.9−0.7+0.2−0.1−0.48+1.0d1.30.30.36+0.71.40.7+0.82.21.4Physical exercise

−(−)−(−)−−−−±0Hypothesized difference

−0.6+1.2−0.5+1.0d−1.6f−2.5g−0.55−0.61.32.00.28−0.41.41.8+1.1e1.90.8Medication misuse

−1.5g−1.7g−0.4−0.9d+0.2+0.40.49+0.72.82.10.48+0.9d3.93.0+0.54.33.8Pain burden

aCG: control group
bIG: intervention group
cd=between-group effect sizes according to Cohen’s d; independent samples t test between CG and IG for each assessment point and for the differences
in change from BA to MA and BA to FA; paired samples t test for differences between assessment points for control and intervention group.
dP<.10
eP<.05
fP<.01
gP<.001
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Table 3. Means and mean differences for use and evaluation of the website between two experimental groups.

Difference

between

FA and MA

Final

assessment (FA)

Midterm

assessment (MA)

Use/Evaluation

IGCGDifferenceIGCGDifferenceIGbCGa

−0.3−0.3+0.8c2.41.6+0.8c2.71.9
In the last four weeks, how often did you navigate the website of
the study about back pain?

0.0−0.1+1.6e4.02.4+1.5e4.02.5
How much has the website contributed to the improvement of your
back pain in everyday life?

−2.0e−1.2c+2.2e5.02.8+3.0e7.04.0Number of pages visited per week

aCG: control group
bIG: intervention group
cP<.05
dP<.01
eP<.001

Discussion

Principal Findings
Considering one of its main objectives, that is the understanding
of the impact of Internet-based interventions like ONESELF
on patient empowerment, the study found a moderate differential
effect for the two experimental conditions. Among patients
without access to the interactive sections, empowerment
remained constant after 8 weeks while it significantly increased
and remained consistently higher among patients who had access
to the interactive sections. This suggests that the interactive
sections of health care websites might indeed play a role in
empowering patients with chronic conditions and gives useful
insights compared to studies with contradictory results that did
not pay attention to the presence or absence of interactive
website features. Further evidence for the empowering effect
of interactive features could be gained by looking at the actual
use of these, as we would expect heavy users of interactive
features to demonstrate a larger increase in empowerment than
light users of these features. Future studies are needed to test
this hypothesis. The differential effects of the website versions
on patient empowerment refer to an overall score across all four
dimensions of psychological empowerment. But they hold for
each of the four dimensions too. This suggests—beyond the
analyses of the psychometric qualities of this scale—that the
four dimensions indeed belong together and contribute to the
overall concept of empowerment. Considering the four
dimensions separately, patients in the intervention group
significantly improved their perceived self-determination,
meaningfulness, and competence.

With regard to the differential effect of the website versions on
self-management behaviors related to CBP, the results of this
study show a considerable decline of physical exercise at both
the midterm and the final assessment, irrespective of the
experimental condition. One explanation could be that the use
of websites like ONESELF, independent of the presence of
interactive features, prevents people from doing what is good
for them, in this case exercising to relieve pain. This, however,
would run against the explicit objectives and contents of the

Internet-based intervention, which put great emphasis on the
necessity of exercising (the website used weekly action plans
with reminder SMS messages aimed at motivating CBP patients
to engage in regular physical exercise), and it would also run
against the findings of other studies [58-60]. Other more
probable explanations for the lack of impact on physical exercise
could be a wearout and a measurement effect linked to the
Internet-based intervention. The wearout effect describes the
decrease in website use between the midterm and the final
assessment with impact on the overall effectiveness of the
intervention at final assessment. The measurement effects
describes seasonal effects related to the period of enrollment
since almost half of the participants (43%, 22/51) reported on
their physical exercise in July and August, which are both
popular holiday months in Switzerland where many people
interrupt their habitual activities including physical exercise.

Results show that, overall, medication misuse did not change
much as a result of the Internet-based intervention. That,
however, hides very different developments in the two
experimental groups: while misuse went up in the control group,
it went down in the group with access to the interactive features,
even though the difference between midterm and final
assessment is not significant. Increased medication misuse as
a consequence of a health care website is difficult to interpret
but cannot be completely ruled out. No matter where the
increased misuse in the control group may originate from,
interactivity appears to have the potential to work against that,
at least in keeping control over the use of such medications and
adhering to medical regimes.

Eventually, participants experienced less pain as the exposure
to the Internet-based intervention proceeded. If the intervention
contributed to this decline, it was not due to its interactive
features as the decrease in pain burden was observed in both
groups. Strangely enough, we observed over the course of the
experiment a reduction in physical exercise but a clear
improvement of the pain condition. The most straightforward
interpretation of this aggregate result would be that, contrary
to most assumptions, the relationship between exercise and pain
is different than expected. But to posit a positive
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relationship—more exercise, more pain—would certainly be
premature, if for the fact alone that the increased misuse of
medication among the control group would be difficult to
explain. However, both developments could be again explained
by seasonal effects. Measurement in summer might be
responsible for both low levels of physical exercise due to a
break of habitual behaviors for holidays, and lower levels of
pain than in other times of the year with cold and rainy weather.
Moreover, a lower level of back pain might be ascribed to a
diminishment of work and work-related stress that can contribute
to a decreased level of pain [61-64].

Back pain patients with access to the static elements of
ONESELF providing information only gave up on their exercise,
felt less pain, and reported more medication misuse. Participants
of the intervention group with access to the interactive elements
on top of the informative ones also gave up on their exercise,
also felt less pain, but reported less medication misuse. These
patients felt more empowered through the Internet-based
intervention as compared to patients of the control group, and
they reported to have better mastery over their CBP at the end
of the intervention. This result was also confirmed by significant
differences between the intervention group and the control group
in the evaluation of the intervention as an effective means to
contribute to the improvement of CBP in everyday life.

We can, therefore, conclude that the interactive features of the
ONESELF website indeed contributed to improving patient
empowerment while purely static elements with information
only did not. Hence, this study complements the emerging
literature supporting the utility of Internet-based interventions
aimed at patient empowerment. The empowered patient emerges
as a person who does not passively receive information, but
takes increased responsibility for and a more active role in
decision-making regarding his or her health [27-30]. This study
highlights how empowerment is strengthened by interactivity,
and this result enhances the existing literature in the field about
the conjunction of these two constructs [35-37].

Limitations
This randomized controlled study is not without any limitations,
which are mainly of a methodological nature. First, the study

suffers from a small group size, despite the significant
differences found between the two conditions. A bigger sample
size might have strengthened marginally significant results and
helped to detect significant differences within the intervention
group for physical exercise. Second, the study lacks a pure
control group. In fact, patients provided with the static version
of the website were used as a control group, but no group of
CBP patients was included with no access to the Internet-based
intervention at all. However, the main objective of this study
was to test the effectiveness of interactive sections compared
to static elements only and not to test the effectiveness of the
intervention as a whole. Third, a 2-month intervention might
be too short a period to discover meaningful effects and
conclusions on the effectiveness of Internet-based interventions
on maintaining high levels of empowerment and beneficial
self-management behaviors. Finally, the present study lacks
specificity inasmuch as it did not take into account the quality
of any of the sections that might have caused the differences
between the intervention group with interactive sections and
the control group with static elements only. Further insights on
which specific elements cause change are essential to better
inform the design of future Internet-based interventions aimed
at improving chronically ill patients’ empowerment,
self-management behaviors, and, ultimately, their health status.

Conclusions
In conclusion, this randomized controlled study provides
evidence that interactive features of Internet-based interventions
aimed at chronic pain management appear mostly to affect soft
outcomes related to self-perception including patient
empowerment and pain representations, while the harder
behavioral outcomes such as physical exercise seem to be
unaffected. Nevertheless, this study adds to the growing body
of literature demonstrating the effectiveness of Internet-based
interventions on the management of chronic diseases like CBP.
As the Internet increasingly becomes a major source of medical
information and social support, this study demonstrates that it
can also be an efficient and effective tool for patient
empowerment that—together with health knowledge—is
considered an important predictor of constructive
self-management behaviors and positive health outcomes.
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Multimedia Appendix 1
Screenshots of ONESELF.

[PDF File (Adobe PDF File), 15MB - jmir_v16i8e180_app1.pdf ]

Multimedia Appendix 2
CONSORT-EHEALTH checklist V1.6.2 [65].

[PDF File (Adobe PDF File), 991KB - jmir_v16i8e180_app2.pdf ]
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Abstract

Background: Electronic activity monitors (such as those manufactured by Fitbit, Jawbone, and Nike) improve on standard
pedometers by providing automated feedback and interactive behavior change tools via mobile device or personal computer.
These monitors are commercially popular and show promise for use in public health interventions. However, little is known about
the content of their feedback applications and how individual monitors may differ from one another.

Objective: The purpose of this study was to describe the behavior change techniques implemented in commercially available
electronic activity monitors.

Methods: Electronic activity monitors (N=13) were systematically identified and tested by 3 trained coders for at least 1 week
each. All monitors measured lifestyle physical activity and provided feedback via an app (computer or mobile). Coding was based
on a hierarchical list of 93 behavior change techniques. Further coding of potentially effective techniques and adherence to
theory-based recommendations were based on findings from meta-analyses and meta-regressions in the research literature.

Results: All monitors provided tools for self-monitoring, feedback, and environmental change by definition. The next most
prevalent techniques (13 out of 13 monitors) were goal-setting and emphasizing discrepancy between current and goal behavior.
Review of behavioral goals, social support, social comparison, prompts/cues, rewards, and a focus on past success were found
in more than half of the systems. The monitors included a range of 5-10 of 14 total techniques identified from the research literature
as potentially effective. Most of the monitors included goal-setting, self-monitoring, and feedback content that closely matched
recommendations from social cognitive theory.

Conclusions: Electronic activity monitors contain a wide range of behavior change techniques typically used in clinical behavioral
interventions. Thus, the monitors may represent a medium by which these interventions could be translated for widespread use.
This technology has broad applications for use in clinical, public health, and rehabilitation settings.

(J Med Internet Res 2014;16(8):e192)   doi:10.2196/jmir.3469
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Introduction

Background
Insufficient physical activity is a major worldwide public health
problem. Even small increases in activity at a population level
could have far-reaching positive impacts on chronic diseases
such as diabetes, cardiovascular diseases, and several cancers
[1-4]. Despite evidence supporting improved health outcomes
from regular physical activity, population levels of physical
activity remain low [5], and inactivity is prevalent [6].

Behavioral physical activity interventions are typically
successful in increasing activity levels [7-9], but these
interventions are costly and require professional expertise in
delivering behavior change techniques (BCTs). Electronic
activity monitors show promise as a delivery medium, as they
can replicate most aspects of pedometer-based interventions
while providing options for individually tailored intervention
content. These monitors measure physical activity (and
sometimes other health and behavior indicators such as heart
rate) and interface with a computer or mobile app to provide
extensive feedback tools. The feedback can be as or more rich
and individualized than that provided in a clinical study, often
including multiple charts, social comparisons, and indicators
of progress towards individual goals. Initial intervention results
using these monitors have been very promising, showing
increases in physical activity and decreases in weight for two
monitor brands [10-13].

The market for wearable technology activity monitors is large
and growing quickly. Numerous options are currently available
for use by consumers and researchers [14]. However, little is
known about how these monitors differ from one another, what
options they provide in their apps, and how these options may
impact their effectiveness. The low cost, wide reach, and
apparent effectiveness of electronic activity monitors make them
appealing for recommendation by practitioners, but the growing
number of options precludes practitioners’ ability to provide
informed recommendations to patients. Similarly, individuals
interested in using a monitor to change their behavior must rely
on review websites or word of mouth to compare the variety of
options. Information about the functionality of the devices and
the content of their companion apps could provide guidance in
choosing options most similar to standard intervention practices
and best suited to individual preferences and needs.

Behavior Change Techniques and Content Analyses
There is no consensus as to the best method for analyzing
content of new media. A common method has been to use health
behavior theory to create codes and/or percentage scores of the
number of theoretical constructs represented. This process has
been used with active video games [15], exercise apps [16], and
weight loss apps [17].

A more involved method uses recently developed systematic
taxonomies of BCTs to code for content that matches
components of traditional behavioral interventions. Behavior
change techniques are “observable, replicable, and irreducible
component[s] of an intervention designed to alter or redirect
causal processes that regulate behavior” [18]. A general

hierarchical taxonomy of 93 BCTs has recently been published
[18], and a similar taxonomy specific to physical activity and
dietary interventions is also available [19]. These validated
taxonomies likely provide a more informational and rigorous
coding tool than previously used theory-based instruments.

In addition to describing the content of biomedical media, there
is also a need to determine the extent to which the behavior
change strategies are evidence-based. Several recent analyses
have reviewed mobile apps using different sources for their
evidence base. Sources have included the Expert Committee
for Pediatric Obesity Prevention [20], the Health Education
Curriculum Analysis Tool [21], best practices such as those
used by the Diabetes Prevention Program [22,23], and clinical
recommendations from the American Association of Diabetes
Educators [24] and US Public Health Service [25,26].

Although no compendium of evidence-based best practices
exists for exercise and weight loss behavioral interventions,
several meta-analyses and meta-regressions have provided a
general idea of the BCTs typically associated with successful
change [27-29]. Investigating the prevalence of these techniques
in particular may provide insight into future directions for
research and development.

Further, determining how evidence-based BCTs are
implemented may also improve standard coding methods.
Preliminary evidence suggests that for several of the most
common and effective techniques, fidelity to theory-based
recommendations in their implementation enhances their
effectiveness [30-32]. Thus, more in-depth analysis of
implementation would provide valuable additional information,
particularly for practitioners and those developing theory-based
interventions.

Content Analysis and Electronic Activity Monitors
There has been a call for study of health apps [33-35], due to
their widespread use and the absence of guidelines for
determining their adherence to standard practices. In addition
to standalone apps, for which there are now several published
content analyses [16,17,20-22,24,25], we believe that there is
a need to study electronic activity monitors and their companion
apps. Development of a tool for coding the content of these
apps would provide valuable information for practitioners,
consumers, and researchers, and could also be used to create a
decision aid for determining an appropriate match of monitoring
system to individual or research/clinical intervention.

The purpose of this study was to systematically investigate
currently available commercial electronic activity monitors to
(1) characterize their behavior change techniques, (2) determine
the extent to which they include techniques associated with
successful outcomes, and (3) compare implementation of several
critical techniques to theory-based and evidence-based
recommendations.

Methods

Activity Monitor Inclusion Criteria and Descriptions
Monitors were included based on three sources: review listings
on CNET for wearable technology, listings in the “Health and
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Fitness” accessories section of the Apple Store (specifically,
the Apple Web-based store that sells physical objects like iPods
and MacBooks, not the online-only Apple App Store that sells
apps), and a search of the Amazon site for “activity monitor”.
Inclusion criteria included (1) continuous monitoring of some
kind of physical activity outcome (eg, continuous measurement
of steps or minutes of activity rather than discrete measurement
of exercise periods), (2) the most recent iteration in a similar
series of products released by the same company (eg, Fitbit

Force rather than Fitbit Flex), and (3) provision of feedback via
a separate mobile device or personal computer interface.
Additional monitors were included based on prior knowledge
or suggestion of expert colleagues if they fit inclusion criteria
but were not present in the three listings above (eg, Ibitz, Lumo).
Descriptions of included monitors are provided in Table 1. More
in-depth descriptions of each monitor with screenshots from
their Web/mobile apps can be found in Multimedia Appendix
1.

Table 1. Monitor names and descriptions.

Food/Weight trackingPossible measuresaMeasuresDisplay/ compatibilityWhere wornModelBrand

PAc, Steps, Heart rate, Skin tem-
perature, Perspiration, Sleep

Display, personal com-

puter, iOSb, Android

WristBasis

Food, Weight, BalanceHeart rate, WeightPA, Steps, SleepPersonal computer,
iOS, Android

Upper armFitBody-
Media

Food, Weight, BalanceWeightPA, Steps, Sleep, Stairs, Distance,
Calories

Display, personal com-
puter, iOS, Android

WristForceFitbit

Food, Weight, BalanceWeightSteps, Distance, Calories, SleepPersonal computer,
iOS, Android

MultipleOrbFitbug

Calories, Activity zonesPersonal computerWaistGruve

WeightSteps, Distance, CaloriesiOSWaistUnityIbitz

Food, Weight, BalancePA, Steps, Sleep, SBdiOS, AndroidWristUp24Jawbone

Posture, Steps, Calories, Distance,
SB, Sleep

iOS, AndroidWaistBackLumo

Food, WeightSteps, Calories, Distance, PA,
Sleep, “Points”

iOS, AndroidMultipleShineMisfit

PA, Steps, “Hours won”, Calories,
“Nikefuel”

Display, personal com-
puter, iOS, Android

WristFuelband SENike

Heart ratePA, Steps, Calories, SB, SleepDisplay, personal com-
puter, iOS, Android

WristLoopPolar

WeightPA, Steps, Stairs, Distance, Calo-
ries

Display, personal com-
puter, iOS, Android

WaistPlayStriiv

WeightWeight, Blood
pressure

PA, Steps, Sleep, Resting heart
rate

Display, personal com-
puter, iOS, Android

MultiplePulseWithings

aThese objective measures are tracked simultaneously by the app. Additional measurement tools must be purchased.
biOS: Apple iPhone/iPad/iPod operating system.
cPA: physical activity.
dSB: sedentary behavior.

Coding Tool and Procedure
Coding procedures for this study were based on the taxonomies
of BCTs created by Michie et al [18,19]. The most recent
hierarchical list was used, with published definitions guiding
coding for each technique.

A tentative list of BCTs associated with successful physical
activity change was created based on several recently published
meta-analyses [27,28], meta-regressions [29], and systematic
reviews [36-38] as well as recommendations from the US
Preventive Services Task Force [39] (see Table 2).
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Table 2. Behavior change techniques associated with physical activity change.

SourceBehavior change techniqueBCT #

[28,37,38]Prompt practice8.1

[29,36,37,39]Prompt self-monitoring of behavior2.3

[29,36-39]Goal-setting/intention formation1.1

[38,39]Barrier identification/problem solving1.2

[29]Provide feedback on performance2.2

[29]Prompt review of behavioral goals1.5

[27]Provide information on consequences of behavior in general5.1

[27]Action planning1.4

[27,28]Prompt rewards contingent on effort or progress towards behavior10.3

[27,40]Facilitate social comparison6.2

[27,36]Provide instruction4.1

[39]Self-talk15.4

[39]Self-rewards10.9

[39]Social support3

[28]Teach to use prompts/cues7.1

Fidelity to implementation recommendations for three of the
BCTs was measured based on Rovniak et al’s listing of
recommendations for operationalizing mastery procedures from
Social Cognitive Theory [30]. These are standard theory-based
recommendations, but many of them also have demonstrated
efficacy in randomized trials when compared to conditions that
did not follow the recommendation(s) [30,32,41]. The full list
of recommendations can be seen in the Results section.

Two trained coders (EL and ZL) wore each of the monitors for
at least one 1-week period between November 11, 2013, and
February 8, 2014. At least one coder wore each of the devices
for 2 or more weeks. The coders downloaded and used personal
computer apps and/or iPhone apps for each monitor. In cases
where additional payment was required to access content (eg,
a monthly subscription to use the BodyMedia device, a yearly
subscription to access the full Fitbit website), we coded based
on full access to all behavioral tools. Interrater reliability
between the 2 coders was high (89%), with a kappa statistic of
.55. An assistant coder also wore each monitor for 1 week and
provided a full set of codes for each monitor. The 3 reviewers
met to discuss any discrepancies, using the third coder’s results
to help inform final decisions. The third set of codes informed
final decisions in case of discrepancies. To update results, the
2 coders met once again in July 2014 to code 1 week’s worth
of data on the monitors whose apps were updated since the
previous data collection period. Coders also checked Web

versions of apps where necessary. The same coding procedure
was followed to determine whether additional techniques had
been added.

Where functionality existed whereby a technique could be used
but would not necessarily be used by default, we coded that
technique as being present. For example, “friends” and “teams”
are available for social support/social comparison in many apps,
but users must add the friends themselves in order to take
advantage of these tools. Further specific information on coder
interpretation is available in Multimedia Appendix 2.

Results

Table 3 displays the number of monitor systems found to include
each BCT. Techniques from the taxonomy that were not found
in any of the systems were not included in the table. The most
common techniques were those that were necessarily a part of
each system: self-monitoring of behavior, feedback based on
that monitoring, and the addition of a monitor to the user’s
environment, behavioral goal-setting, and emphasizing a
discrepancy between current behavior and goal behavior.
Discrepancies were typically shown via visual progress
indicators, such as progress bars, pie charts, bar charts, and line
charts. Charts were often color-coded to indicate proximity to
the goal, which was typically set to a default of 10,000 steps
per day.
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Table 3. Behavior change techniques present in monitoring systems, by number of systems (N=13).

Monitors, nBCTBCT category

13Goal setting (behavior)aGoals and planning

1Problem solvinga

8Goal setting (outcome)

5Action planninga

10Review behavior goal(s)a

13Discrepancy between current behavior and goal

7Review outcome goal(s)

4Commitment

13Feedback on behavioraFeedback and monitoring

13Self-monitoring of behaviora

8Self-monitoring of outcome(s) of behavior

2Biofeedback

8Feedback on outcome(s) of behavior

8Social support (unspecified)aSocial support

2Social support (practical)

4Social support (emotional)

2Instruction on how to perform the behavioraShaping knowledge

1Information about antecedents

6Information about health consequencesaNatural consequences

1Information about social and environmental consequencesa

4Monitoring of emotional consequences

1Information about emotional consequencesa

8Social comparisonaComparison of behavior

7Prompts/cuesAssociations

1Behavior substitutionRepetition and substitution

1Habit formation

3Graded tasks

2Credible sourceComparison of outcomes

6Non-specific rewardReward and threat

8Social reward

1Reward (outcome)

13Adding objects to the environmentAntecedents

3Situation-specific rewardScheduled consequences

1Reward incompatible behavior

7Focus on past successesSelf-belief

aThis BCT was identified in the literature as associated with successful intervention.

Six techniques were present in half or more of the monitoring
systems. Reviewing behavioral goals (10/13 systems) was coded
when systems allowed and/or encouraged users to adjust their
goals over time. Social support, social comparison, and social

reward were also common (8/13 systems). Tools that allowed
social support included friending systems and groups,
commenting and emoticon systems for communication with
others, and the ability to exercise with others virtually in real
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time. Social comparison was typically found in the form of lists
(leaderboards), charts, and direct statements of comparison to
other users. Social rewards consisted primarily of opportunities
to share accomplishments and progress via social networks.
Prompts or cues were found in seven systems. These were
typically inactivity or idle alerts. Systems that alerted via a
monitor used vibration or flashing lights to attract attention,
while those that alerted via mobile device used push
notifications. Seven systems also demonstrated a focus on past
success, operationalized here as weekly/monthly/yearly emails
discussing progress towards goals. Other techniques were found
in fewer than half of the systems.

Figure 1 displays examples of screens from the Fitbit (left) and
Jawbone (right) apps. See Multimedia Appendix 1 for further
examples of the BCTs discussed below, each taken from one
of the studied Web/mobile apps. The full listing of BCTs found
in each monitoring system is presented in Multimedia Appendix
2.

Several of the more common techniques were among those
found in the literature to be associated with physical activity

(shown broken down by monitor system in Multimedia
Appendix 3). Goal-setting, self-monitoring, and feedback were
found in all of the systems. Social comparison, review of
behavioral goals, social support, and social rewards were present
in more than half of the monitoring systems. However, several
techniques associated with successful interventions were less
common. Information about consequences of the behavior and
non-specific rewards were each found in six systems. Instruction
on performance of the behavior, action planning, and problem
solving were rare. Prompting practice, self-rewards, and self-talk
were not found.

Table 4 displays theory-based recommendations for goal-setting,
self-monitoring, and feedback. Overall, these recommendations
were mostly followed by most of the systems. The
recommendations less likely to be followed included breaking
long-term goals into short-term goals (few systems included
both types of goal), progression from easier to more difficult
goals, tracking personally valued information, emphasizing
performance successes, and comparing performance to norms
of similar groups.

Table 4. Fidelity of monitoring systems to recommendations for goal-setting, self-monitoring, and feedback.

Monitors, nRecommendationTechnique

13SpecificGoal-setting

13Measurable

13Moderately challenging

6Long-term goals broken into short-term goals

3Easier goals successfully accomplished before attempting more difficult ones

13Conducted regularlySelf-monitoring

13Conducted close in time to target activity

13Track precise information

6Track personally valued information

9Emphasize performance successes

13Focus on behavior modifiable by deliberate effort

13SpecificFeedback

13Give a clear idea of how well participant is doing

13Compare performance to past accomplishments

5Compare performance to norms of similar groups

13Compare performance to precise goals
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Figure 1. Example screen shots from Fitbit and Jawbone.

Discussion

Principal Findings
Electronic activity monitor systems include a variety of
evidence-based BCTs, many of which conform to
recommendations for their implementation. The most commonly
found techniques were integral to the nature of the monitor:
self-monitoring, feedback provision, adding objects to the
environment, and goal-setting. Tools that provided or
encouraged review of behavioral goals, social support, social
comparison, prompts/cues, rewards, and a focus on past success
were also common, found in more than half of the systems.
Most of the interactive tools for goal-setting, self-monitoring,
and feedback conformed to theory-based recommendations.
Unfortunately, several techniques associated with successful
physical activity intervention were uncommon or absent from
the monitor systems, including practice, action planning, and
problem solving.

Behavior Change Techniques and eHealth/mHealth
Several recently published articles have provided an overview
of the current state of mobile apps for physical activity and
weight loss. The results suggest that most apps do not include
many BCTs that are thought to be essential to behavioral
intervention. For example, one study found that 28% of pediatric
obesity prevention apps included goal-setting [20], and a broader
study of physical activity apps found that 44% included

monitoring of some kind [21]. A study that compared weight
loss apps to components of the widely used and validated
Diabetes Prevention Program reported better results, with 90%
or more including weight loss goals and dietary goals. However,
only 20% included a physical activity goal, and fewer than 5%
included problem-solving or habit formation [22]. A sample of
diabetes apps were found to include a median of only two out
of seven self-management behaviors recommended by the
American Association of Diabetes Educators [24]. An analysis
of fitness video games found greater percentages that included
these techniques, such as feedback (17/18), rewards of some
kind (16/18), and practice (15/18) [15]. Two content analyses
of physical activity apps that used taxonomies of 23 and 26
BCTs, respectively, found that the apps included an average of
5/23 and 8/26 [42,43].

Of the activity monitor apps analyzed here, all 13 included
monitoring and goal-setting. Although weight loss was not the
primary purpose of most of these systems, 62% (8 /13) included
weight loss goals. The prevalence of problem solving (1/13)
and habit formation (1/13) was similar to that found in the other
apps. As might be expected by the nature of fitness video games
versus activity monitor apps, practice was much more prevalent
in the video games than in the monitor systems. Rewards were
fairly common in the monitor systems (6/13), but not as common
as in true video games. These rewards were typical of
“gamified” reward systems, including badges and achievements.
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The three systems with the most techniques coded (Jawbone,
Fitbit, and Nike) included 27, 20, and 19 techniques,
respectively, out of the 93 possible. The absolute number of
techniques found in a monitoring system may not be
informative; in fact, a system with fewer but more effective
techniques may ultimately produce a greater impact than a
system with more numerous but less effective ones. Further,
there exist several iterations of the behavior change taxonomy,
ranging from 26 techniques to 93. The total number of possible
techniques to be coded makes comparison across studies
difficult. A recent meta-analysis of walking and cycling
interventions reported that the interventions studied included a
mean of approximately six BCTs, ranging from 0-12 out of a
possible 26 [36]. A similar study of physical activity
interventions among overweight/obese adults found 3-12
techniques out of a possible 40 [38]. The number of techniques
found in the monitoring systems studied here ranged from 9-27
out of 93, with most including 12 or more. Upon recalculation
using only those techniques that also exist in the 40-item
taxonomy [19], we found that the activity monitor systems
included 6-12 out of 40 techniques, with an average of 9
techniques per system. Recalculation using the original 26-item
taxonomy found an average of 8 techniques out of 26 (range
6-12). Thus, although exact comparison is impossible due to
differences in taxonomies over time, it appears that the monitors
include a similar number of techniques as can be found in
behavioral interventions and a potentially greater number of
techniques than found in standard physical activity mobile apps.

Across multiple meta-analyses of physical activity interventions,
several techniques were reported to occur in more than half of
studied interventions: self-monitoring of behavior, goal-setting,
providing instruction, problem solving, and prompting practice
[27,28,36,44]. Self-monitoring and goal-setting were also
common among the monitoring systems, but instruction,
problem solving, and practice were very uncommon. Though
the basic content of physical activity interventions and activity
monitor systems (self-regulatory techniques such as
self-monitoring, goal-setting, and feedback) are the same,
monitor systems differ greatly from traditional interventions in
the other implemented techniques.

Adherence to Theoretical and Empirical Best Practices
Of the 14 BCTs identified as potentially effective based on their
success in previous interventions, five were widely represented
across the devices: goal-setting (behavior), review of behavioral
goals, feedback of behavior, self-monitoring of behavior, and
rewards. Problem solving, action planning, commitment,
instruction on how to perform the behavior, and behavioral
practice were rare. It may be that these less common techniques
are not prioritized by developers or consumers, or perhaps they
are more difficult to implement. Problem solving was found in
one app, but it provided only generalized tips to overcome
problems (some specific to detected behavior and some
discussed as common problems). Individualized problem solving
would likely be a complex undertaking that would require
self-report of barriers and a system for providing automated
counseling. Such a system might increase app size unacceptably
or be difficult to program. Action planning and commitment
occurred in the context of specific challenges that users pledged

or committed to undertaking. Gamification such as this appears
to be a promising avenue for implementing less common BCTs.

A recent study used classification and regression trees to
statistically investigate the effectiveness of combinations of
BCTs [45]. The investigators found that a combination of
techniques that are now called goal-setting and providing
information about consequences was most successful (the
analysis used a previous iteration of this taxonomy with slightly
different names). They also found that interventions using
feedback provision in the absence of review of behavioral goals
or information about consequences were the least effective of
those studied. Self-monitoring and feedback provision are the
backbone of monitor systems, but many systems do not include
any kind of information provision regarding specific
consequences of behavior. It may be that these bare-bones apps
that focus on function do not provide sufficient motivation to
encourage consistent activity over time.

Several previous studies have scored apps based on their
adherence to theoretical constructs. For a general study of
several types of health apps, the mean score found was
approximately 8/100, with the highest-scored app receiving
14/100 [17]. For a similar study specific to physical activity
apps, the mean score was approximately 10/100, with the
highest-scored app rated 28 [16]. It would appear that the
activity monitor apps included in this analysis follow theory
(here, specifically Social Cognitive Theory) more closely than
apps that are not associated with activity monitors. It may be
that activity monitors by definition provide behavioral tools
that are suggested by Social Cognitive Theory, such as regular,
instant, and precise feedback.

The above information leads to the question of what the ideal
monitor and monitoring system might include. It is not
surprising that two of the most well-known and popular
monitors, from Fitbit and Jawbone, were highly adherent to
theoretical principles (Fitbit) and evidence-based principles
(Jawbone). The Jawbone Up24 was particularly impressive for
including all but one of the best practice techniques investigated.
However, despite their utility in previous clinical and community
interventions, we do not yet know whether these techniques
work well in concert and in the context of a wearable device
and monitoring app.

Regardless of the number or effectiveness of BCTs included,
success for an individual is likely highly influenced by
individual preferences and practical issues. For example, the
Misfit Shine is the only waterproof monitor of those tested and
thus would likely be the most effective for someone who prefers
to swim. The BodyMedia, Fitbit, Fitbug, and Jawbone systems
provided energy balance information including food logs, which
may make them more suitable for weight loss attempts than
systems that monitored only activity and weight (although
several other monitors can link to other apps that provide this
service). Little is known about the reliability and validity of
these devices, which could also influence user preferences.
Because of the complicated series of variables that potentially
influence effectiveness, a decision aid similar to those used in
patient-centered outcomes research would be a logical next step
for helping potential users choose a monitor in light of their
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preferences for techniques, game and social functions,
appearance, and usability.

Clinical Applications
There exists a large and growing amount of literature
demonstrating the utility of Internet- and technology-enhanced
(generally called eHealth) energy balance interventions.
Although several reviews have found that computer-mediated
or telephone-mediated weight loss interventions were less
powerful than traditional face-to-face interventions [46,47], a
recent meta-regression did not find a significant effect of
in-person contact on weight loss at 12 months [40]. Thus, it is
currently unclear whether technology-mediated interventions
can consistently replicate the effectiveness of standard clinical
interventions. Activity monitor apps by definition include
self-monitoring and individualized feedback, which are
associated with greater effectiveness in technology-based trials
[46]. These monitors may be a medium by which more effective
tools can be integrated into self-directed, distance interventions.

Although little is known about the efficacy of electronic activity
monitors, several clinical trials have provided preliminary data.
To our knowledge, three trials have tested BodyMedia’s
SenseWear armband, a clinical/research grade armband that is
very similar to the commercially available BodyMedia Fit
armband. An early study found that adding continuous use of
the armband to a 12-week standard behavioral weight loss
program produced additional weight loss of approximately 2
kilograms [10]. This finding was not statistically significant in
this small sample, but it may be clinically significant if
distributed over a large population with respect to disease
prevention and health cost reduction. A later study compared a
6-month standard behavioral weight loss (SBWL) program,
SBWL plus the armband system, and the armband system alone
and found a 5-kilogram difference between SBWL plus armband
and SBWL [12]. A 9-month study found a 3-kilogram difference
between a SBWL and SBWL plus armband group; however,
this difference was not statistically significant [11].

Beyond these more typical implementations for clinical weight
loss interventions, electronic activity monitors may also be a
useful measure of patient-reported outcomes. Some researchers
have begun using patterns of patient ambulation during and
after hospitalization as a proxy measure for health, as these
patterns can predict readmission [48] and other health outcomes
such as quality of life and functional status [49]. Consistent,
objective measures provided by these monitors could allow
clinicians to identify at-risk individuals for secondary prevention
and rehabilitation interventions. The CYCORE
(Cyberinfrastructure for Comparative Effectiveness Research)
project has demonstrated initial feasibility and acceptability of
a system of home-based sensors, including activity monitors,
that transmit information to oncologists for early detection of
dehydration among head and neck cancer patients [50]. They
could also be used to help determine appropriate lengths for
hospital stays and to monitor functional independence
post-release [51].

Health care professionals’ preferences likely will play a role in
how successful a given system is for users who are prescribed
the device. Physicians, interventionists, and counselors may

find that some of the companion apps are easier to integrate
into their personal approach to patient care than others. Ease of
surveillance may also play a role in provider choice of monitors.
Some monitors more easily lend themselves to various types of
surveillance, either by allowing “friends” to view user data, by
partnering with other apps that allow for practitioner or friend
surveillance, or by allowing users to export their data to third
parties. Official methods of transmitting data to practitioners
securely do not appear to currently exist in these apps. However,
upcoming health information aggregator apps like those made
by Apple and Google may provide a method for automatically
updating physicians in the future.

Public Health and Community Applications
From a public health perspective, electronic activity monitors
hold promise for large-scale, cost-effective activity and energy
balance interventions. Much like previous studies of
Internet-based behavioral weight loss interventions,
monitor-based interventions may be less powerful than standard
face-to-face programs [10,12,52]. However, they may also have
a greater public health impact due to greater reach, adoption,
implementation, and/or maintenance [53]. Initial investigations
of the BodyMedia armband have found that it provides a more
cost-effective weight loss intervention than standard behavioral
weight loss interventions or combinations of the two [52].

Some of the monitors demonstrated a greater emphasis on
energy balance, providing tools for monitoring intake,
comparing intake to expenditure, and monitoring weight loss
(eg, BodyMedia, Fitbit, Fitbug). The apps for BodyMedia, Fitbit,
Fitbug, and Withings communicated with smart scales, which
automatically uploaded weight measurements to the apps. These
monitors and their apps provide interactive tools that mimic a
large proportion of the techniques of behavioral weight loss
interventions that require skilled interventionist time. These
tools could reduce the time needed by interventionists for
counseling by creating automated feedback.

Several of the monitoring systems included measurement and
cues related to sedentary behavior. Preliminary studies that
provided feedback based on baseline analyses of sedentary
behavior (using research-grade monitors) produced promising
results [54,55]. The existence of commercial monitors that can
provide continuous real-time feedback related to sedentary
behavior as well as physical activity increases the options
available to interventionists. Lumo (sit time, stand ups), Polar
(resting, sitting, and low intensities), and Jawbone (longest idle
period) monitors measured sedentary behavior and provided
mobile phone reminder alerts when sedentary periods extended
past a pre-set threshold. These monitors and others that adopt
this functionality could be used to implement larger-scale and
lower-cost sedentary behavior interventions than those in the
past [53].

Rehabilitation Applications
Electronic activity monitors have the potential to significantly
improve objective measurement of physical activity for people
with chronic diseases and disabilities who receive physical
therapy, occupational therapy, and other types of rehabilitation
services. While much has been written about the use of
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pedometers [56,57], accelerometers [56,58,59], and self-report
questionnaires [59,60] to measure physical activity for
rehabilitation patients, very little has been published expanding
to other types of physical activity measurement for these
populations. One exception is the development of wearable
sensors, such as those described by Bonato et al [61]; however,
widespread adoption and testing of wearable technology devices
is not evident in the peer-reviewed literature. However, there
is agreement among researchers that an effective means of
quantifying physical activity is needed. Electronic activity
monitors have the potential to offer a solution for gaps in current
monitoring systems. For example, these monitors offer
researchers and consumers the opportunity to gather physical
activity data in real-world conditions such as home and
community settings. They also have the capacity to provide
real-world behavioral motivation using prompts and intensity
measures that are variable or absent in current monitoring
methods. Talkowski et al have pointed out the need for accurate
physical activity intensity measures that are not currently being
accurately evaluated [60]. These authors note that the number
of hours of therapy is often a proxy for estimating the intensity
of a rehabilitation program, whereas the length of time in therapy
may not offer a uniform intensity across patients and over time.
An electronic physical activity monitor would provide an
objective measure of treatment intensity.

Potential for Unintended Consequences
Though numerous positive applications of these electronic
activity monitors exist, there is always the possibility for
unintended adverse consequences or ethical dilemmas. The
potential for sharing of global positioning system (GPS) location
data and personal health information produces clear privacy
concerns. Surveillance of the collected data by health care
providers may also lead to situations where intervention is
deemed ethically necessary. Clear protocols will be necessary
to guide provider behavior in such cases and to reduce risks
associated with potential privacy breaches.

Because these monitors are commercially available, they can
be used by individuals without consultation with medical or
public health professionals. Although this widespread
availability has benefits for accessibility, it might also increase
the risk of negative outcomes if potentially dangerous activity
programs are begun without professional oversight. The default
activity goals may be inappropriate for older adults, individuals
with disabilities or chronic conditions, or children [62]. Though
some apps allow users to change their goals, or set goals for
them based on a baseline measurement period, others provide
pre-set goals that cannot be adjusted. These goals may provoke
inappropriately intense activity that could lead to injury.

The validity and reliability of these monitors’ step estimates is
as yet unclear. Substantial literature surrounding the validity of
the research grade BodyMedia armband exists (eg, [63,64]),
but it is not clear whether differences between the research and
commercial versions may affect energy expenditure estimates.
There is preliminary evidence that one of the Fitbit monitors
(worn on the waist) may produce valid estimates of steps, but
distance output is inaccurate [65]. Another study found that
older Fitbit monitors underestimated energy expenditure [66].

Little is known about newer, wrist-worn monitors or how
monitors may differ (both from other commercial monitors and
compared to gold standard measures).

Limitations
As a content analysis, this project was by definition preliminary
and exploratory. Thus, our conclusions are tentative and require
further study. In particular, our coding related to theory-based
recommendations and our designation of specific techniques as
potentially more effective than others are intended to be first
steps towards formal tests as to the true impact of various
recommendations or techniques. Only research with human
subjects—from small qualitative investigations to large-scale
randomized trials—can investigate hypotheses related to
feasibility, acceptability, and effectiveness.

The systems tested here were those that measure continuous
lifestyle activity that were available for purchase in late 2013.
Monitors that had been discontinued (eg, Motorola
MOTOACTV and Larklife) could not be tested, nor could a
large number of monitors expected to be released in 2014.
Follow-up tests should be conducted to include these newer
monitors and compare them to earlier models. Also, we did not
include monitors that focused specifically on bouts of physical
activity (eg, heart rate monitors by Garmin, Polar, Mio) or
mobile phone apps that measured activity using GPS or
accelerometry within the phone (eg, RunKeeper, phone-based
pedometer apps). Our focus on products compatible with Apple
iOS, which occurred for practical reasons, may have also led
to missing some monitors only available for Android devices
if they were not also listed on Amazon or CNET lists. To
represent the full range of available options and for use in
possible future decision aids, further testing of all these
monitoring systems will be necessary.

We chose to use the latest and broadest taxonomy available,
which likely contributed to the greater number of techniques
found in these systems. Many of the techniques in the larger
taxonomy are not used in physical activity intervention (eg,
many of the associations techniques are more appropriate for
addiction-related interventions) and likely should not be included
in activity monitor apps. It is also possible that some techniques
are counterproductive or only productive in conjunction with
specific other techniques. Even otherwise appropriate
techniques, such as behavioral practice, may be unnecessary
when the activity being promoted is an activity of daily living
like walking. Which techniques are most efficacious is, of
course, an empirical question not yet answered.

Finally, coding of ever-changing apps is quite difficult. Some
interrater disagreement occurred because only one of the 3
testers engaged in a behavior that triggered use of a specific
technique. As all monitors were tested using personal computers
and iOS mobile devices, the experiences of Android users may
differ from our experiences. Regular app updates also led to
differential coding. Although we updated our results prior to
publication, it is likely that more techniques will be included
across the 13 systems and new systems will be available in the
near future.
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Conclusions
Electronic activity monitors include many different empirically
tested behavior change techniques that are commonly
implemented in clinical interventions. Many of these techniques
are associated with successful physical activity and/or weight
loss, and implementation of most of the techniques adhered
closely to theory-based recommendations.

This content analysis provides preliminary information on the
extent and type of technique implementation, thus laying a
foundation for clinical, public health, and rehabilitation
applications. Future studies are needed to further investigate
new types of electronic activity monitors and to test their
feasibility, acceptability, and ultimately their public health
impact.
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Abstract

Background: Online interventions have emerged as a popular strategy to promote healthy behaviors. Currently, there is little
agreement about how to capture online intervention engagement. It is also uncertain who engages with weight-related online
interventions and how engagement differs by demographic and weight characteristics.

Objective: The objectives of this study were to (1) characterize how pregnant women engaged with features of an online
intervention to prevent excessive gestational weight gain, (2) identify demographic and weight status subgroups of women within
the sample, and (3) examine differences in use of intervention features across the demographic and weight status subgroups.

Methods: A sample of racially and socioeconomically diverse pregnant women from a northeastern US city was assigned to
the intervention group in a randomized controlled trial to prevent excessive gestational weight gain (n=1014). The intervention
website included these features: weight-gain tracker, health-related articles, blogs, physical activity and diet goal-setting tools,
and local resources. Engagement variables were created to capture the amount, consistency, and patterns of feature use across
pregnancy using latent class analysis. Demographic/weight status subgroups were also created using latent class analysis.
Differences in engagement across the demographic/weight status subgroups were examined using chi-square analysis.

Results: Six engagement patterns emerged: “super-users” (13.02%, 132/1014), “medium-users” (14.00%, 142/1014), “consistent
weight-tracker users” (14.99%, 152/1014); “almost consistent weight-tracker users” (21.99%, 223/1014), “inconsistent
weight-tracker users” (15.98%, 162/1014), and “non-users” (20.02%, 203/1014). Four demographic/weight status subgroups
emerged: three minority and one white. There were different engagement patterns by demographic/weight status subgroups.
Super-users were more likely to be in the white subgroup, while non-users were more likely to be in the minority subgroups.
However, around a third of women in minority subgroups were consistently or almost consistently engaging with the weight-tracker
(black, young women, 32.2%, 67/208; black, heavier women, 37.9%, 50/132; Hispanic women, 27.4%, 32/117).

Conclusions: While white and higher income women had higher engagement in general, depending on the measure, there was
still considerable engagement by the minority and low-income women.

Trial Registration: Clinicaltrials.gov: NCT01331564; http://clinicaltrials.gov/ct2/show/NCT01331564 (Archived by WebCite
at http://www.webcitation.org/6Rw4yKxI5).

(J Med Internet Res 2014;16(8):e194)   doi:10.2196/jmir.3483
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engagement; process evaluation

J Med Internet Res 2014 | vol. 16 | iss. 8 | e194 | p.32http://www.jmir.org/2014/8/e194/
(page number not for citation purposes)

Demment et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:mmd238@cornell.edu
http://dx.doi.org/10.2196/jmir.3483
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Online interventions have emerged as a popular strategy in
obesity prevention. In order to understand the effectiveness of
these interventions, it is critical to identify how participants use
online interventions and if there are differences by demographic
characteristics and weight status. Process evaluation is an
important step for understanding how interventions achieve
their intended outcomes. A key process measure is dose of
intervention received. A higher dose of intervention received
or higher engagement has generally been associated with greater
success in achieving weight-related intervention outcomes [1-3].
This has been particularly true in online behavior change
interventions [4-6]. While online interventions provide a unique
opportunity to measure engagement objectively, there is no
current consensus on the definitions and measures for
engagement in online interventions [7]. Previous studies have
used the following measures of use: number of website visits
or log-ins; time spent on a site; and number of features used
[7-9]. No studies to date have examined feature use based on
expected use, consistency of use across the intervention time
period, or how usage clusters across different intervention
features.

In this study, online engagement with a website to prevent
excessive gestational weight gain (GWG) is examined. Avoiding
excessive GWG, defined as gaining more than the Institute of
Medicine’s GWG recommendations, has become a priority in
obesity prevention [10]. Excessive GWG is a risk factor for
postpartum weight retention that contributes to long-term weight
gain [11]. Low-income and minority women are more likely to
be overweight and obese and are more likely to gain more
weight than recommended during pregnancy [12]. Given this
increased risk for excessive GWG, it would be valuable to know
how low-income and minority women engage with an online
intervention. Differences in engagement for GWG interventions
by demographic characteristics have not been examined.
However, rates of participation in diabetes self-management
trials were highly variable in diverse samples inclusive of lower
income individuals and minorities [13]. In addition, in a 2-year
weight loss trial, obese non-white participants were significantly
less likely to self-weigh weekly compared to white participants
[13,14].

In most studies, demographic and weight status variables are
examined independently and statistical methods isolate the
independent effect of each factor. This has several
methodological challenges as articulated by Lanza et al [15]
and summarized here: (1) it can lead to Type 1 error (eg, the
need for multiple comparisons to be run on each characteristic
increasing the likelihood of finding a significant result), (2) the
statistical power to detect an effect varies by characteristics
(depending on the number of individuals within the categories
for the characteristic), and (3) higher order interactions are often
impossible to evaluate due to sample size constraints (eg,
comparing older white females to younger white females) [16].
For this study, we use an alternative method that has emerged
in prevention medicine [16-18]. Rather than focusing on isolated
risk factors or characteristics, individuals with all their
demographic characteristics and weight status are first

categorized into multidimensional subgroups through latent
class analysis and then the subgroup variable is used in
subsequent analyses, rather than independent variables for each
demographic characteristic and weight status.

This study addresses two gaps in the current understanding of
weight-related online interventions. First, this study provides
new measures of engagement that consider expected use,
consistency of use across time, and patterns of use for different
features. Second, this study examines how multiple measures
of engagement differ across demographic/weight status
subgroups. The aims of this study were to (1) characterize how
pregnant women engaged with online intervention features, (2)
identify demographic and weight status subgroups of women
within the sample, and (3) examine differences in use of
intervention features across the demographic and weight status
subgroups.

Methods

Intervention
Fishbein and Yzer’s Integrative Model of Behavioral Prediction
[19] was the guiding theoretical framework for the online
intervention to prevent excessive gestational weight gain.
Fishbein and Yzer’s framework was combined with Fogg’s
Behavior Model for Persuasive Design [20] to link behaviors
and their predictors to intervention features. The online
intervention included blogs, local resources, articles, frequently
asked questions (FAQs), and events. In addition, intervention
participants also had access to the weight gain tracker and diet
and physical activity goal-setting tools. Intervention participants
were emailed weekly from randomization to delivery with new
content and reminders to use the weight gain tracker, diet, and
physical activity goal-setting tools. Intervention features are
described in more detail in Graham et al 2014 [21] and images
are available in Multimedia Appendix 1.

Participants
Data from the intervention group of a randomized controlled
trial of excessive GWG and postpartum weight retention
prevention with women who were 18-35 years of age, normal
to obese class I body mass index (BMI), socially and racially
diverse, and relatively healthy (N=1689), conducted in the
northeastern United States, were used in this study. That
randomized trial, conducted from 2011-2014, is described in
detail elsewhere [22,23]. To meet eligibility criteria, participants
had to (1) consent at or before 20 weeks gestation, (2) be
available for a 24-month intervention, (3) plan to carry their
pregnancy to term and keep their baby, (4) read and understand
English, and (5) have an email address. Exclusion criteria

included: BMI<18.5 kg/m2(underweight) or >35.0 kg/m2(class
2 obese), multiple gestation (eg, twins), having had eating
disorders or gastric bypass surgery in the past, having had three
or more consecutive miscarriages, and the presence of
pre-pregnancy medical conditions that could influence weight
loss or gain. All study participants were sent an email describing
the tools on the website, and email, a postcard, and telephone
reminders were used as prompts to encourage participants to
visit the website the first time. A US$5 incentive was also given
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for the first website visit. There were 1126 eligible women who
were assigned to the intervention group for pregnancy. The
sample for this analysis included women who participated in
the study through pregnancy (ie, did not withdraw, miscarry,
or have a pre-term birth at less than 28 weeks gestation)
(n=1014). For this analytic sample, participants were exposed

to the intervention for a minimum of 2 months and a maximum
of 9 months depending on both week gestation at enrollment
and week gestation at delivery. The women excluded from
analysis did not significantly differ from those included (Table
1).

Table 1. Sample characteristics.

P valueaAnalysis sample,

n=1014

n (%)

Intervention sample,

n=1126

n (%)

Total sample,

n=1689

n (%)

Characteristic

.28Race

630 (62.13)693 (61.55)1054 (62.40)White

239 (23.57)273 (24.25)395 (23.39)Black

145 (14.30)160 (14.21)240 (14.21)Other

.44Hispanic

128 (12.62)145 (12.88)212 (12.55)Yes

886 (87.38)981 (87.12)1477 (87.45)No

.57Low-income

442 (42.59)494 (43.87)734 (43.46)Yes

572 (56.41)632 (56.13)955 (56.54)No

.74Body mass index category

520 (51.28)575 (51.07)872 (51.63)Normal

308 (30.37)346 (30.73)508 (30.08)Overweight

186 (18.34)205 (18.21)309 (18.29)Obese

.90Age category, years

305 (30.08)341 (30.28)506 (29.96)18 - <25

328 (32.35)363 (32.24)546 (32.33)25 - <30

 381 (37.57)422 (37.48)637 (37.71)≥30 years

aChi-square analysis P value comparing analysis sample and those not included (n=112) from the intervention sample.

Data Collection
Five sources of data were used in this analysis: screening for
eligibility, postpartum height and weight visit, medical chart
audit, website activity, and survey. At baseline screening, which
took place at less than 20 weeks gestation, the following
self-reported variables were collected: race, ethnicity, date of
birth, height, current weight, early pregnancy (<13 weeks) or
pre-pregnancy weight, and a measure of low-income using a
participant’s insurance type to determine if a participant
qualified for Women, Infants and Children Program (WIC)/
Medicaid/ Prenatal Care Assistance Program (PCAP). The
self-reported ethnicity question asked, “Are you of Hispanic or
Latino origin?” with the response categories of “yes” and “no”.
The self-reported race item asked, “Which race best describes
you?” with the response categories of “American Indian and
Alaska Native”, “Asian”, “Black or African American”,
“White”, “Native Hawaiian and other Pacific Islander”, and
“Other race, please specify”.

To categorize women’s weight status, measured weight and
height were used to calculate BMI for the vast majority of the

sample. Height was collected from three data sources: (1)
measured height from postpartum weight collection visits
(1307/1689, 77.38% of sample), (2) measured height from the
medical chart (358/1689, 21.20% of sample), or (3) self-reported
height at screening (24/1689, 1.42% of sample). Pre-pregnancy
or early pregnancy weight was collected from three data sources:
(1) measured early pregnancy weight from the medical chart
(1599/1689, 94.67%), (2) self-reported or measured
pre-pregnancy weight from the medical chart (67/1689, 3.97%),
or (3) self-reported pre-pregnancy or early pregnancy weight
at screening (23/1689, 1.36% of sample).

Medical chart audit data were used to verify and correct the date
of birth of the participant (33/1689 individuals with changed
date of births, 1.95% of total study sample). Date of birth and
date of consent were used to calculate age of the subject at time
of entry into the study.

Each participant’s online activities were continuously collected
throughout the study automatically by the website. Each website
activity was time stamped and only activities from consent date
to delivery date were included in this analysis. All activities
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associated with intervention features, rather than data collection
activities such as surveys, were considered intervention use in
this analysis.

All randomized participants were asked to complete a baseline
questionnaire. The questionnaire was available online and via
telephone from consent date and until the participant was greater
than 28 weeks into pregnancy. A survey item that asked about
home Internet use was included in this research.

Conceptualizing Measures of Engagement
Use of the following six intervention features were used to
characterize engagement: health-related information (articles
and FAQs), blogs, local resources, diet goal-setting tools,
physical activity goal-setting tools, and a weight-gain tracker.
Features were categorized based on expected use. Consistent
use was expected for log-ins and entry of weights into the weight
gain tracker. We expected women to track their weight in 30-day
intervals but, to allow for difference in timing of doctor’s visits,
we created 45-day intervals from time of enrollment to delivery.
If a woman entered a weight during each of the 45-day intervals
that she completed, she was categorized as a “consistent
tracker”. If during at least of half of the intervals a woman
entered a weight, she was categorized as an “almost consistent
tracker”. If a woman had entered at least one weight but not
during more than half of her intervals, she was categorized as
an “inconsistent tracker”. Finally, if she never entered a weight
during pregnancy, she was categorized as a “non-weight
tracker”. The same procedure was used to categorize use for
log-ins.

For all other features, consistent use was not expected. Use was
expected on an “as needed” basis. Therefore, quantity of use
defined engagement for the following features: health-related
information, blogs, resources, diet goal-setting tools, and
physical activity goal-setting tools. A woman’s engagement
was categorized into three levels for each of these features:
“high” (≥median among users), “low” (<median among users),
or “never” (0).

Demographic Subgroups
Since sociodemographic characteristics are correlated and most
sociodemographic characteristics are measured categorically,
several recent studies have employed latent class or subgroup
analysis to group women with similar characteristics together
[15,17,18,24]. Demographic/BMI subgroups were created in
the analysis sample (n=1014) based on the following variables:
race (white, black, or other), ethnicity (Hispanic or
non-Hispanic), low-income status (<185% poverty line or
≥185% poverty line), BMI category (normal (BMI 18-<25),
overweight (BMI 25-<30), or obese class 1 (BMI 30-<35), and
age category (18-<25 years, 25-<30 years, or 30-35 years).

Home Internet Use
The data for home Internet usage came from the baseline
questionnaire survey item: “How often do you access the
Internet from your home?” and had the following response
categories: never; less than once a week; a few times a week;
most days of the week; every day (859/1014, 84.71% of analytic
sample). For the purposes of this analysis, we used the following

categorizations: “never/occasionally” (never to a few times a
week), “most days of the week”, and “every day”.

Analysis

Engagement Patterns
Latent class analysis (LCA) was used to identify patterns of
feature use as a measure of overall intervention engagement
[25]. Often the latent class variable is used to organize multiple
dimensions of behavior, such that individuals in each latent
class share common behavior patterns. In our case, this analysis
was used to group individuals based on their similar patterns
feature use of the intervention website.

LCA models are fit in a series of steps starting with a one-class
model; the number of classes is subsequently increased until
there is no further improvement in the model. Model selection
in LCA involved both absolute fit of a particular model and
relative fit of two or more competing models. A common

measure of absolute model fit in categorical models is the G2

likelihood-ratio chi-square statistic, which in our case tests the
null hypothesis that the specified LCA model fits the data [26].
Relative fit of models with different numbers of latent classes
(eg, 4 vs 5 classes) was analyzed using a series of standard fit
indices, including the Bayesian information criterion (BIC [27])
and Akaike information criteria (AIC [28]), with a lower value
suggest a more optimal balance between model fit and
parsimony. All analyses were conducted using a SAS procedure,
PROC LCA [16].

Demographic/Body Mass Index Subgroups
LCA was used to identify demographic/BMI subgroups. Given
the strong correlation between demographic and BMI
characteristics in this sample, we decided to take a
person-centered approach to categorizing women. To do this,
we used LCA to identify subgroups within the population based
on race, ethnicity, income, BMI, and age. The same LCA model
selection criteria were used as with the engagement patterns
outlined above.

Association Between Demographic/Body Mass Index
Subgroups and Engagement
Chi-square analysis was used to first examine the relationship
between individual feature use and demographic subgroup.
Next, chi-square analysis was used to examine the relationship
between demographic subgroups and patterns of engagement.

The data analysis for this paper was generated using SAS
software, version 9.3.

Results

Characterize How Pregnant Women Engaged With
Online Intervention Features
The first objective of this study was to capture multiple measures
of how women used the intervention website. Most women
logged into the website during pregnancy (87.97%, 892/1014)
and engaged with the intervention features. As described earlier,
consistency of use or quantity of use was used to characterize
dose for each intervention feature. Of the intervention features,
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the weight tracker was most commonly used with 25.05%
(254/1014) of women who consistently used, 28.99% (294/1014)
almost consistently used, 19.03% (193/1014) inconsistently
used, and 26.04% (264/1014) never used (Table 2).
Health-related information and blogs were engaged by over half
of the sample, while the diet and physical activity goal-setting
tools were utilized by only a third of the sample.

When all intervention features were considered together, six
patterns of engagement emerged from the latent class analysis,
as shown in the column headings in Table 3. The first class was

characterized by high and consistent usage of all features and
is labeled “super-users” (13.02%, 132/1014). “Medium-users”
(14.00%, 142/1014) were characterized by almost consistent
weight-tracker use and high use of both health-related
information and blogs. The next three classes were characterized
in the latent class analysis solely based on weight-tracker use:
“consistent weight-tracker users” (14.99%, 152/1014); “almost
consistent weight-tracker users” (21.99%, 223/1014), and
“inconsistent weight-tracker users” (15.98%, 162/1014). The
final class, “non-users” (20.02%, 203/1014) were categorized
by never engaging with the intervention features.

Table 2. Proportion of total sample (n=1014) that used website features.

Analysis sample

n (%)

Feature use

Feature categorized by consistency

Log-in

332 (32.74)Consistent

342 (33.73)Almost consistent

214 (21.11)Inconsistent

126 (12.42)Never used

Weight-tracker

252 (24.85)Consistent

298 (29.39)Almost consistent

196 (19.33)Inconsistent

268 (26.43)Never used

Feature categorized by quantity

Health-related info

270 (26.63)High

229 (22.58)Low

515 (50.79)None

Blogs

277 (27.32)High

272 (26.82)Low

465 (45.86)None

Resources

207 (20.41)High

175 (17.26)Low

632 (62.33)None

Physical activity goal setting

176 (17.36)High

139 (13.71)Low

699 (68.93)None

Diet goal setting

182 (17.95)High

142 (13.81)Low

690 (68.04)None
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Table 3. Patterns of intervention feature use identified from latent class analysis probabilities.

Non-usersWeight-

inconsistent

Weight-almost
consistent

Weight-consistentMedium-usersSuper-usersFeature use

(20.02%,
203/1014)

(15.98%,
162/1014)

(21.99%,
223/1014)

(14.99%,
152/1014)

(14.00%,
142/1014)

(13.02%,
132/1014)

Log-in

0.000.040.140.970.120.93Consistent

0.020.080.840.030.860.07Almost consistent

0.340.890.010.000.020.00Inconsistent

0.640.000.000.000.000.00Never

Weight-tracker

0.000.000.020.830.000.88Consistent

0.000.000.630.130.850.11Almost consistent

0.000.710.280.010.130.01Inconsistent

1.000.290.080.030.020.00Never

Physical activity goal setting

0.000.040.020.180.450.53High

0.000.200.140.140.210.17Low

1.000.760.840.670.330.30None

Diet goal setting

0.000.100.050.170.420.50High

0.000.200.150.180.200.16Low

1.000.700.800.650.380.34None

Health-related info

0.000.060.080.230.650.84High

0.010.200.310.420.270.16Low

0.990.730.610.350.090.00None

Blogs

0.000.080.090.240.590.91High

0.010.330.430.440.310.07Low

1.000.590.480.320.090.01None

Local resources

0.000.050.010.060.470.89High

0.000.160.200.330.270.11Low

1.000.800.790.610.250.00None

Identify Demographic/Body Mass Index Subgroups of
Pregnant Women
The second objective was to create a holistic measure for
demographic/BMI characteristics through latent class analysis.
From this analysis, four demographic/BMI subgroups emerged,
characterized primarily by race, ethnicity, and income (Table
4). The largest subgroup comprised mainly white, non-Hispanic,
not low-income, normal weight, and 30 years or older women
(54.93% of the sample, 557/1014), which for brevity has been
labeled the “white” subgroup. This subgroup was the only
subgroup with a high probability of being higher income and

older. There were two subgroups that had a high probability of
being black. The first comprised black women who were
predominantly non-Hispanic, low-income, normal weight, and
18 to 25 years old (20.51%, 208/1014) and is termed “black,
young”. The second subgroup comprised black women and was
also predominantly non-Hispanic and low-income, but differed
by BMI. In this subgroup, women were more likely to be
overweight or obese BMI (13.02%, 132/1014). This subgroup
was labeled “black, heavier” to denote the distinction between
the two subgroups that had a high likelihood of being black.
The final group comprised predominantly Hispanic women who
were also likely to be low-income, normal, or overweight BMI,
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and 18 to 25 years old (11.54%, 117/1014). It was the only
subgroup that emerged with a greater than 50% probability of

Hispanic ethnicity and as such it is labeled “Hispanic”.

Table 4. Demographic/body mass index (BMI) subgroups identified from latent class analysis probabilities.

Demographic/BMI Subgroup

White

(54.93%, 557/1014)

Hispanic

(11.54%, 117/1014)

Black, heavier

(13.02%, 132/1014)

Black, young

(20.51%, 208/1014)

Race

0.940.020.420.29White

0.000.010.560.71Black

0.060.960.010.00Other

Hispanic

0.020.840.040.06Yes

0.980.160.960.94No

Low-income

0.110.780.670.89Yes

0.890.220.330.11No

Body mass index category

0.600.410.120.67Normal

0.270.410.450.20Overweight

0.120.180.430.13Obese

Age category

0.070.550.230.8218 - <25

0.340.310.490.1425 - <30

0.590.150.280.03≥30

Examine Differences in Use of Intervention Features
Across Demographic/Body Mass Index Subgroups
In the final objective, we examined who, based on the
demographic/BMI subgroups, engaged with the online
intervention. Use of all intervention features was significantly
different across demographic/BMI subgroup (Table 5).

The weight-tracker was used by more than half of each of the
demographic subgroups. The predominantly white subgroup
had the smallest proportion of women who never used it (12.6%,
70/557) and the highest proportion of women who used it
consistently (35.7%, 199/557). The minority subgroups also
used the weight-tracker but to a lesser degree.

When comparing use of the intervention features together with
the LCA patterns, there were pronounced differences across
demographic/BMI subgroups (Figure 1). Super-users were more

likely to be in the white subgroup compared to other subgroups
(20% vs 3%, 9%, and 8%), while non-users were more likely
to be in the minority subgroups compared to other subgroups
(36%, 36%, and 34% vs 8%). However, around a third of
individuals in the minority subgroups were consistently or
almost consistently engaging with the weight-tracker (black,
young women, 32.2%, 67/208; black, heavier women, 37.9%,
50/132; Hispanic women, 27.4%, 32/117).

While home Internet use behaviors varied across
demographic/BMI subgroups (Figure 2), at least 75% of each
subgroup used the Internet every day or most days of the week.
However, only 26 out of 528 (4.9%) of women in the white
subgroup rarely or never used the Internet, while 35 out of 147
(23.8%) of women in the black, young subgroup; 15 out of 98
(15%) of women in the black, heavier subgroup; and 26 out of
86 (25%) of women in the Hispanic subgroup rarely or never
used the Internet at home.
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Table 5. Intervention feature use by demographic/body mass index (BMI) subgroups.

P valueaDemographic/BMI SubgroupFeature use

White, n=557Hispanic, n=117Black, heavier,
n=132

Black, young,
n=208

n (%)n (%)n (%)n (%)

<.01Log-in

243 (43.6)28 (23.9)28 (21.2)33 (15.9)Consistent

209 (37.5)33 (28.2)39 (29.6)61 (29.3)Almost consistent

84 (15.1)31 (26.5)35 (26.5)64 (30.8)Inconsistent

21 (3.8)25 (21.4)30 (22.7)50 (24.0)Never used

<.01Weight-tracker

199 (35.7)20 (17.1)16 (12.1)17 (8.2)Consistent

201 (36.1)27 (23.1)30 (22.7)40 (19.2)Almost consistent.

87 (15.6)23 (19.7)28 (21.2)58 (27.9)Inconsistent

70 (12.6)47 (40.2)58 (43.9)93 (44.7)Never used

<.01Health-related info

212 (38.1)17 (14.5)19 (14.4)22 (10.6)High

149 (26.8)25 (21.4)25 (18.9)30 (14.4)Low

196 (35.2)75 (64.1)88 (66.7)156 (75.0)None

<.01Blogs

199 (35.7)22 (18.8)25 (18.9)31 (14.9)High

170 (30.5)23 (19.7)35 (26.5)44 (21.2)Low

188 (33.8)72 (61.5)72 (54.6)133 (63.9)None

<.01Resources

160 (28.7)12 (10.3)22 (16.7)13 (6.3)High

109 (19.6)18 (15.4)22 (16.7)26 (12.5)Low

288 (51.7)87 (74.4)88 (66.7)169 (81.3)None

<.01Physical activity goal setting

124 (22.3)11 (9.4)20 (15.2)21 (10.1)High

84 (15.1)15 (12.8)19 (14.4)21 (10.1)Low

349 (62.7)91 (77.8)93 (70.5)166 (79.8)None

.009Diet goal setting

118 (21.2)17 (14.5)21 (15.9)26 (12.5)High

87 (15.6)19 (16.2)13 (9.9)23 (11.1)Low

 352 (63.2)81 (69.2)98 (74.2)159 (76.4)None

a Chi-square analysis, P value comparing analysis sample and those not included (n=112) from the intervention sample.
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Figure 1. Associations between patterns of online engagement and demographic/body mass index (BMI) subgroups (n=1014).
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Figure 2. Frequency of home Internet use by demographic/body mass index subgroup (84.71%, 859/1014 women in the analysis sample completed
the survey question regarding home Internet use).

Discussion

Principal Findings

Summary
This study examined a variety of engagement measures, based
on both how participants used intervention features on the
website and expected use of some features, and created
data-driven measures of engagement. In addition, subgroups
were identified, acknowledging that demographic and weight
status characteristics are often associated with each other,
allowing for a more person-centered approach. The contributions
of this study by aim are outlined in the following sections.

Characterizing and Measuring Engagement
Two methodological contributions were made by the analysis
of the online engagement in this study to prevent excessive
weight gain in pregnancy. First, consistency of use over time,
particularly for weight gain self-monitoring, was expected to
be related to appropriate weight gain over time [29-31]. A simple
count of 10 weights tracked without taking time into account
could mean a woman entered all 10 weights in her first 30 days
of the study and discontinued weight monitoring after that. Use
of the weight gain tracker was expected to align with each
prenatal visit, which typically occurs once a month during the
first and second trimesters and bi-weekly in the third trimester.
One weight entry per 45-day interval was used to define
consistent use across time to allow for variability when
participants’ doctor’s appointments could fall. Characterizing
engagement by consistency of use is a unique contribution to
capturing online engagement.

Second, by examining the patterns of feature use with latent
class analysis, we made a novel contribution to how online
interventions could measure engagement. Conceptualizing
engagement as patterns rather than independent feature use was
conceptually relevant in two ways. First, the website was
designed to integrate features by related content. For example,
if a woman read a blog about breastfeeding, links to articles or
FAQs about breastfeeding appeared next to the blog. Second,
the website was designed to offer at least a few features that
each participant would use and it was expected that some women
would engage with everything (super-users) while others might

find only one or two features helpful [21]. The use of latent
class analysis allowed us to examine the patterns of usage that
emerged from actual use. The results of this study are similar
to other studies in that a “super-user” group emerged from our
latent class analysis [32-34]. These are individuals who engage
with all features in high amounts. The findings of this study
move beyond just identifying super-users to identify clustering
of feature use at varying intensities.

Interestingly, consistency of weight tracking was a defining
feature across most of the patterns. The weight tracking tool
was one of the most used features of the website and it was used
by a variety of demographic/BMI subgroups. Around a third of
the minority subgroups were consistently or almost consistently
engaging with the weight-tracker (black, young women, 32%;
black, heavier women, 38%; Hispanic women, 28%). The
implication for future online interventions is that in order to
reach a diverse sample, online interventions need to offer a
variety of features and need to acknowledge that engagement
in the intervention will vary.

An additional consideration for this analysis is that count data,
which could be considered continuous, is challenging to use
with parametric methods like factor analysis due to the
non-normal distribution of the data [35]. This skewness of
engagement data is common to online interventions and is
typically handled in other studies by counting use of a feature
as ever use or never use for both the use of ever and never use
[21,32,36-38]. By categorizing the usage of each feature into
no use, low use, and high use, we captured some of the spectrum
of use for “as needed” features (eg, blogs, articles, resources)
and avoided the challenges of dealing with non-normal data
with continuous methods.

Subgroups
Utilizing latent class analysis for creating participant subgroups
[17] is a relatively novel approach for examining socioeconomic
characteristics of individuals. Utilizing a subgroup analysis
methodology like latent class analysis for demographic and
weight characteristics, which are known to be correlated, allows
for a more holistic characterization of individuals. This analysis
sought to understand the website use behaviors of the woman
considered more comprehensively, taking into account race,
ethnicity, income, age, and BMI together.
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The findings from this study suggest that minority and
low-income women were less engaged with the website
compared to white, higher-income women. However, we also
found that a significant proportion of minority and low-income
women were also engaging with the website, but not as much
or as consistently.

Digital Divide
The digital divide, the inequity between groups in access, use,
and knowledge of technology, is an important consideration for
online interventions seeking to reach a social and racially diverse
population. Even though there are no longer significant
differences in both smartphone use and Internet use comparing
minorities to whites, there are significant differences by income
in Internet and smartphone use [39]. From 2000 to 2011, Internet
use increased for blacks (35% to 71%) and for those earning
less than US$30,000/year (28% to 62%) [39]. Yet Internet use
among households that earn more than US$50,000/year is
between 90-97%, while current rates among African Americans
or those earning less than US$30,000/year is still much lower
[39]. The results presented in this study are consistent with these
numbers with about a third of the minority subgroups being
non-users in the intervention compared to 8% in our white
subgroup.

Limitations
Several methodological choices were made that could be seen
as limitations. First, for making the demographic/BMI
subgroups, we chose to use only variables that were available
for all women. This limited the variables for creating the
subgroups to screening variables only. Other subgroup analyses

have used up to 40 variables to group participants. Had more
variables been available, this may have led to more complex
subgroups. Second, the digital divide question for the sample
comes from an online survey with a back-up telephone survey.
While 85% of the sample answered that question, it is likely
that these women were more likely to be Internet users. Third,
since this study was conducted with pregnant women, its
generalizability is limited particularly given their increased
likelihood to seek information online compared to the general
population [40].

Gestational weight gain outcomes were not examined as part
of this analysis though these outcomes will be examined in
relation to both treatment assignment and intervention
engagement in future analyses. These future analyses will
facilitate understanding whether use of particular intervention
features accounts for any overall intervention effect on weight
outcomes. Across subgroups there were women who never used
the online intervention; exploring why some participants never
engaged in the intervention is an area of research needed.

Conclusions
Engagement in online interventions is still a concern for reaching
the population of most disadvantaged pregnant women.
However, in this study with a population-based sample recruited
from healthcare practices, a large number of women were
reached and even minority and low-income women engaged to
varying degrees with the intervention. Acknowledging both the
reach of an online intervention and differential engagement in
an online intervention are critical to understanding and
interpreting the results of current efficacy trials of online
interventions and to the design of future online interventions.
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Abstract

Background: Cervical cancer poses a significant threat to Korean American women, who are reported to have one of the highest
cervical cancer mortality rates in the United States. Studies consistently report that Korean American women have the lowest
Pap test screening rates across US ethnic groups.

Objective: In response to the need to enhance cervical cancer screening in this vulnerable population, we developed and tested
a 7-day mobile phone text message-based cervical cancer Screening (mScreening) intervention designed to promote the receipt
of Pap tests by young Korean American women.

Methods: We developed and assessed the acceptability and feasibility of a 1-week mScreening intervention to increase knowledge
of cervical cancer screening, intent to receive screening, and the receipt of a Pap test. Fogg’s Behavior Model was the conceptual
framework that guided the development of the mScreening intervention. A series of focus groups were conducted to inform the
development of the intervention. The messages were individually tailored for each participant and delivered to them for a 7-day
period at each participant’s preferred time. A quasi-experimental research design of 30 Korean American women aged 21 to 29
years was utilized with baseline, post (1 week after the completion of mScreening), and follow-up (3 months after the completion
of mScreening) testing.

Results: Findings revealed a significant increase in participants’ knowledge of cervical cancer (P<.001) and guidelines for
cervical cancer screening (P=.006). A total of 23% (7/30) (95% CI 9.9-42.3) of the mScreening participants received a Pap test;
83% (25/30) of the participants expressed satisfaction with the intervention and 97% (29/30) reported that they would recommend
the program to their friends, indicating excellent acceptability and feasibility of the intervention.

Conclusions: This study provides evidence of the effectiveness and feasibility of the mScreening intervention. Mobile technology
is a promising tool to increase both knowledge and receipt of cervical cancer screening. Given the widespread usage of mobile
phones among young adults, a mobile phone-based health intervention could be a low-cost and effective method of reaching
populations with low cervical cancer screening rates, using individually tailored messages that cover broad content areas and
overcome restrictions to place and time of delivery.
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Introduction

Korean American women have one of the highest cervical cancer
mortality rates in the United States. Cervical cancer incidence
and mortality rates for Korean American women are roughly
twice that of non-Latino white women [1]. While the Healthy
People 2020 initiative states that 93% of women, aged 21-65
years, should have undergone a Pap test within the past 3 years
[2], studies consistently report that, among women across US
racial/ethnic groups, Korean American women have the lowest
Pap test screening rates, ranging from 39% to 64% [3-8]. Given
that early detection of cervical malignancies through this routine
screening measure has been shown to significantly reduce
cervical cancer mortality, Korean American women’s low
screening rate indicates that efforts to increase their screening
behavior would be very beneficial [1,9].

A variety of structural and cultural factors act as barriers to
screening for Korean American women. Structural obstacles
include health access due to inadequate health insurance [10-12],
expense [1,13], time constraints [10,13], and language
limitations [1,10,12-15]. Cultural barriers to cervical cancer
screening encompass lack of knowledge regarding cervical
cancer and cervical cancer screening [1,10,12,13,16], a wrongly
held belief that screening is unnecessary in the absence of
symptoms or at young ages [1,10,12,13,16,17], cultural modesty
or embarrassment [10,13,16], lack of culturally appropriate
health care providers [12,13], and fear of receiving negative
screening results [10,16].

A limited number of interventions to address barriers and
promote cervical cancer screening among Korean American
women have been designed or implemented. These efforts have
focused on peer-led workshops [18,19], dissemination of videos
[18], and distribution of cancer education print materials [20,21].
There are a number of reasons why these approaches have been
only partially effective in promoting cervical cancer screening
in this population. Korean American women are a particularly
hard-to-reach population [19,20]. Although earlier interventions
have specifically targeted structural barriers to cancer screening
(eg, providing low-cost or free Pap tests or in-language services),
prominent cultural obstacles such as cultural modesty or
misconceptions about screening were not addressed [19]. These
previous intervention strategies also did not tailor the
intervention to strategically target specific individual concerns
about screening, despite evidence that there are multiple cultural
reasons for Korean American women’s reservations about
cervical cancer screening [20]. The restricted scope and lack of
tailoring in these previous interventions may have contributed
to their limited impact. Personalized interventions may be
necessary to motivate a change in screening behavior with this
difficult to reach population.

To address the multiple limitations that were present in prior
interventions, we developed and tested a mobile phone text
message-based cervical cancer Screening (mScreening)
intervention that utilizes mobile health (mHealth) technology.
mHealth is defined as the use of mobile and wireless devices
as intervention tools to deliver health information or improve
health outcomes, particularly using short message service (SMS
or text) and/or multimedia message service (MMS, or images
or pictures) [22]. mHealth is considered a promising tool for
preventive care through promotion of behavioral change.
mHealth is taking a primary place in a number of research
initiatives related to the promotion of health behavior. For
example, mHealth technology was successfully used in weight
management [23], smoking cessation [24-28], youth sexual
health [29], increased physical activity [30], self-care behaviors
[27,28,31], and asthma monitoring and management programs
[32].

Our study seeks to harness mobile phone technology to
positively influence cancer screening behavior, taking preventive
health care approaches to a new level [7,33]. Guided by the
Fogg’s Behavior Model (FBM) [33], the mScreening
intervention consists of three sequential components: (1)
identifying barriers, (2) developing motivators, and (3) providing
triggers (see Figure 1 for conceptual framework). With the FBM
framework, we first identified specific structural and cultural
barriers that prevent Korean American women from receiving
a Pap test. This information guided our subsequent development
and implementation of mobile tools (eg, SMS or MMS) to
improve knowledge and provide the motivation for behavioral
change. Triggers to act are employed in the form of reminder
text messages (eg, “Make an appointment now!”) or electronic
links (eg, “Click to talk to a Korean health navigator”) to prompt
Korean American women to take immediate action to obtain a
Pap test.

Our study had three primary aims: (1) to examine if the
mScreening intervention increased research participants’ (a)
knowledge of cervical cancer, relevant guidelines of cervical
cancer screening, and cervical cancer risk factors, and (b) their
intent to undergo screening; (2) to assess if the mScreening
intervention contributed to a 20% increase in the receipt of the
Pap test over the sample’s baseline rate; and (3) to examine the
acceptability and satisfaction of the 7-day mScreening
intervention program. Our study used evidence-based and
theory-driven approaches to develop the mScreening
intervention to concentrate on barriers (eg, cultural beliefs,
perceived-risk, and limited health literacy) that prior work had
not addressed, so as to increase Korean American women’s
adherence to cervical cancer screening guidelines.
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Figure 1. Conceptual framework of the study.

Methods

Research Design and Data Collection
A quasi-experimental design was used with baseline, post-test
(1 week after the completion of mScreening), and follow-up (3
months after the completion of mScreening) assessments. The
eligibility criteria for our study included: Korean American
women aged 21 to 29 years with no prior receipt of a Pap test
in Minnesota. Participants also needed to have up-to-date health
insurance, mobile phone access (either a regular or smartphone),
and be familiar with or willing to learn basic elements of
text-based information communication technology. We used a
multi-pronged recruitment strategy. A variety of outreach flyers
and brochures were posted and handed out in churches, clinics,
social service agencies, and ethnic markets that serve the Korean
American population, as well as advertised through public social
media that is tailored towards the Korean American population.
We fully explained the purpose of our study, eligibility criteria,
confidentiality, and the voluntary nature of study participation
to every participant both in oral and written formats before the
study began. The University of Minnesota Institutional Review
Board approved the research procedure for this study. A total
of 30 participants were enrolled who met the inclusion criteria,
received the intervention, and completed the data collection
protocol. We had complete retention of participants in our study.

Intervention
We used a community-based participatory research approach
to develop the content of the 7-day text message-based
mScreening intervention and participant recruitment strategies.
We formed a community advisory board, which consisted of
Korean American community leaders, health care professionals
who work in the Korean American community, and directors
of social service agencies. Additionally, we conducted a series
of focus groups with 13 young Korean American women. After

usability testing for the mScreening intervention with 8 Korean
American women, we recruited 34 Korean American women
and delivered the mScreening intervention to the 30 women
who qualified as study participants.

As per the FBM [33], the mScreening intervention identifies
individual barriers to screening, develops motivators specific
to these barriers, and provides a trigger to the desired health
behavior action (ie, receipt of a Pap test) (see Figure 1). The
informational/educational content of the mScreening
intervention covered the following topics: (1) introductory
information on the cervix and cervical cancer, including
statistical facts of cervical cancer incidence and mortality, and
screening rates of cervical cancer among Korean American
women compared to other racial/ethnic groups in the United
States, (2) introduction of the Pap test as a preventive mode for
cervical cancer, (3) information on health care accessibility, (4)
introduction of cultural barriers, (5) availability of local clinics
and cost of Pap test, (6) testimony of a Korean American woman
who had gone through the Pap test experience, and (7) testimony
of a Korean American cervical cancer survivor who found
cervical cancer at later stage and had no previous receipt of a
Pap test. The mScreening intervention was delivered to each
participant over 20-30 minutes each day for a 7-day period at
each participant’s preferred time.

The mScreening intervention contained a high level of
interactive features, such as quizzes and questions, and also
allowed participants to engage in conversation, with
approximately one-third of messages asking for responses.
Messages were individually tailored for each participant. For
example, based on the baseline interview of each participant,
we identified strengths and weaknesses of individual
participants. If a participant had weaknesses on culture-based
health beliefs on cervical cancer screening at baseline, we
provided ad hoc messages that were designed to reduce cultural
barriers (eg, “We understand it is a bit embarrassing to get it
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done. But do it for you! Your happy cervix will appreciate it!”)
in addition to regular messages sent each day. This tailoring
was enabled by a database of over 50 ad hoc messages that were
designed to reduce culture-based beliefs and attitudes on cervical
cancer screening.

Measures

Overview
We collected information from participants through face-to-face
interviews using a structured questionnaire administered at three
time points: at the study enrollment (baseline), 1 week after
completing the mScreening intervention (post-test), and 3
months after completing the mScreening intervention
(follow-up).

Outcome Measures
Our primary outcomes of interest included knowledge, attitudes,
and beliefs about cervical cancer and cervical cancer screening,
intent to undergo screening as measured with the
trans-theoretical model (eg, stages of change consisting of
precontemplation, contemplation, preparation for action, action,
and maintenance) [34,35], and the receipt of the Pap test.

Baseline Measures
We collected information on sociodemographic characteristics
(eg, age, marital status, education, employment status, income,
health status, and religion), health-related information (eg,
history of cancer in the family, health insurance, usual source
of care, and number of doctor visits), level of acculturation
(years in the United States and English language proficiency),
and administered scales for health knowledge and beliefs about
cervical cancer, cervical cancer screening, and intent to undergo
a Pap test as part of cervical cancer screening. Champion’s
revised health belief model scale was used for measuring health
beliefs on cervical cancer and cervical cancer screening [36].
This scale was previously used in Korean American women in
Chicago and was demonstrated to have appropriate reliability
and validity [1]. We adapted and used Taylor and colleague’s
15-item scale for knowledge about cervical cancer and cervical
cancer screening [37].

Post-Test and Follow-Up Measures
One week after the completion of the mScreening intervention
(post-test interview), we asked participants about their
experience with the intervention and general satisfaction to
inform quality assurance and improvement. We also repeated
the items from the baseline interview about knowledge and
beliefs about cervical cancer and cervical cancer screening, and
assessed their intent post-test to undergo screening and if they

received a Pap test after the intervention. In the 3-month
follow-up interview, we asked participants if they had received
a Pap test in the prior 3 months, and for those who did not
receive a Pap test, we asked their reasons for not undergoing
the test.

Data Analyses
Differences in constructs relating to knowledge, attitudes, and
beliefs about cervical cancer and cervical cancer screening from
baseline to 1 week post-test were summarized by means and
standard deviations, and tested using the paired t test. Two
approaches for comparing the intent to receive the Pap test pre-
and post-mScreening were considered. First, we translated the
change in a subject’s intent to receive the Pap test to a numerical
scale with subjects receiving a “1” if their intent to receive the
Pap test increased from pre- to post-mScreening, a “0” if their
intent to receive the Pap test stayed the same, and a “−1” if their
intent to receive the Pap test decreased. We then summarized
subjects’ change in their intent to receive the Pap test by the
mean and standard deviation and compared the mean change
to zero using the one-sample t test to determine if, on average,
subjects’ intent to receive the Pap test increased from pre- to
post-mScreening. In addition, we dichotomized intent to receive
the Pap test into “intent to receive within a year” and “no intent
to receive within a year”. The percent of subjects providing
each response before and after mScreening were compared using
McNemar’s test for paired binary data. We estimated the rate
of cervical cancer screening post-intervention and at the 3-month
follow-up using the sample proportion and 95% confidence
intervals were estimated using the exact method. Measures of
acceptability and satisfaction were summarized using counts
and sample proportions. Given the preliminary nature of the
study and relatively small sample size, multivariate analyses
were not conducted and only univariate and bivariate results
are reported.

Results

Demographic Characteristics of the Sample
Table 1 presents the study participants’ baseline demographic
information (N=30). Participants ranged in age from 21-29
years, and 27 out of 30 participants (90%) reported living in the
United States for less than 9 years, with 37% (11/30) living in
the United States for 3 years or less. Of the 30 participants, 28
participants (93%) reported that they had health insurance; 15
participants (50%) reported having a primary hospital; and 6
participants (20%) reported having a primary physician. Finally,
19 participants (63%) reported a family history of cancer.
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Table 1. Baseline sociodemographic characteristics of the sample (N=30).

n (%)CategoriesVariable

Age, years

11 (37)21-22

13 (43)23-25

6 (20)26-29

Marital status

1 (3)Married

29 (97)Other

Years in United States

11 (37)3 or less

16 (53)4-8

3 (10)9 or more

Employment

11 (37)Yes

19 (63)No

Education

19 (63)Undergraduates

9 (30)Graduated from college/university

2 (7)Graduated from graduate school

Monthly income (US$)

14 (48)under $499

10 (34)$500-$1499

5 (17)$1500 or more

Health status

19 (63)Poor or fair

6 (20)Good

5 (17)Very good or excellent

Living arrangement

12 (40)Live alone

1 (3)Live with spouse only

17 (57)Live with others

0 (0)Other

Currently living in

19 (63)Rented house or condominium

4 (13)Government-subsidized senior citizen apartment

3 (10)Unsubsidized apartment

3 (10)Rented room in other’s home

1 (3)Other

Self-rated financial status

J Med Internet Res 2014 | vol. 16 | iss. 8 | e196 | p.49http://www.jmir.org/2014/8/e196/
(page number not for citation purposes)

Lee et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


n (%)CategoriesVariable

1 (3)Very bad

3 (10)Bad

20 (67)Fair

4 (13)Good

2 (7)Very good

How often do you work out per week?

8 (27)Not at all

2 (7)Once

11 (37)Twice

4 (13)Three times

5 (17)Four times or more

Smoking status

28 (93)Not at all

1 (3)Some days

1 (3)Every day

Alcohol consumption

13 (43)Not at all

17 (57)Some days

0 (0)Every day

Health insurance

28 (93)Yes

2 (7)No

Primary hospital

15 (50)Yes

15 (50)No

Primary physician

6 (20)Yes

24 (80)No

Family cancer history

19 (63)Yes

11 (37)No

Changes in Knowledge, Attitudes, and Beliefs
Table 2 presents changes in measures of knowledge, attitudes,
and beliefs about the Pap test, comparing baseline to the
post-test, completed 1 week after the mScreening intervention.
Significant differences were observed for all constructs and
these differences remained significant after a Bonferonni
multiple comparison adjustment (P<.01). Significant

improvements were observed for general knowledge about
cervical cancer (P<.001), knowledge about the Pap test
(P<.001), beliefs about and attitudes toward the Pap test
(P=.006), and knowledge about risk factors of cervical cancer
and its screening (P<.001). We also observed a significant
reduction in socio-cultural barriers to cervical cancer screening
(P=.001).
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Table 2. Changes in knowledge, attitudes, and beliefs about cervical cancer and the Pap test (N=30).

P valueMean difference1 week posttestBaseline pretestConstruct

mean (SD)mean (SD)

<.0010.590.92 (0.17)0.33 (0.36)General knowledge about cervical cancer

<.0010.713.56 (0.52)2.85 (0.87)Knowledge about Pap test

.0060.313.14 (0.52)2.83 (0.42)Beliefs of and attitude toward Pap test

<.0010.762.87 (0.57)2.11 (0.80)Knowledge about risk factors of cervical cancer and its
screening

.001−0.351.98 (0.53)2.33 (0.51)Socio-cultural barriers to cervical cancer screening

Intent and Receipt of Pap Test
Table 3 presents the study participants’ intent to receive the Pap
test before and after the mScreening program. We observed an
increase in participants’ intent to receive the Pap test (mean
0.23, 95% CI −0.04 to 0.51) and the percent of participants
indicating an intent to receive the Pap test within 1 year (from
63% to 87%) but these differences were not statistically

significant (P=.090 and P=.070, respectively). In addition, one
study participant (3%, 1/30) reported receiving the Pap test
within 1 week after completing the mScreening program and 6
additional participants (20%, 6/30) reported receiving the Pap
test by the 3-month follow-up visit, which represents a 23%
(7/30) improvement in the proportion of participants receiving
the Pap test (95% CI 10% to 42%) compared to baseline.

Table 3. Intention to receive the Pap test before and after the mScreening intervention (N=30).

Intent to receive a Pap test at 1 week post-test, n (%)Baseline pretest

TotalHave received Pap
test

Within 1 monthWithin 3 monthsWithin 1 yearNo plans within 1
year

11 (36.7)1 (3.3)2 (6.7)2 (6.7)4 (13.3)2 (6.7)No plans within 1
year

13 (43.3)0 (0.0)1 (3.3)1 (3.3)9 (30.0)2 (6.7)Within 1 year

3 (10.0)0 (0.0)1 (3.3)0 (0.0)2 (6.7)0 (0.0)Within 3 months

3 (10.0)0 (0.0)2 (6.7)0 (0.0)1 (3.3)0 (0.0)Within 1 month

0 (0.0)0 (0.0)0 (0.0)0 (0.0)0 (0.0)0 (0.0)Have received Pap
test

30 (100)1 (3.3)6 (20.0)3 (10.0)16 (53.3)4 (13.4)Total

Acceptability and Feasibility of the mScreening
Intervention
Table 4 presents participant responses to questions relating to
the acceptability and satisfaction of the 7-day mScreening

intervention. At the 1-week post-test visit, 25 of 30 participants
(83%) reported being either satisfied or very satisfied with the
mScreening program and 29 participants (97%) reported that
they would recommend mScreening to their friends.

Table 4. Acceptability and satisfaction of the mScreening intervention at 1-week post-test interview (N=30).

n (%)AnswerQuestion

Please rate your satisfaction level with mScreening program

8 (27)Very satisfied

17 (57)Satisfied

5 (17)Neutral

0 (0)Dissatisfied

0 (0)Very dissatisfied

Would you like to recommend mScreening program to your friend?

29 (97)Yes

1 (3)No
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Discussion

Principal Findings
We observed a significant increase in the study sample’s general
knowledge about cervical cancer and the Pap test, beliefs and
attitudes toward the Pap test, and knowledge about risk factors
of cervical cancer and its screening guidelines (P=.006), after
completing the mScreening intervention. We also found a
significant decrease in perceived socio-cultural barriers to
cervical cancer screening (P=.005). By the 3-month follow-up,
7 out of 30 participants (23%) reported having received the Pap
test. As only women that had not previously received the Pap
test were recruited for this study, this finding indicates that
participation in the mScreening intervention led to more than
a 20% increase in the receipt of the Pap test in this sample. This
is a notable achievement as we targeted a group that had not
previously been motivated to engage in this recommended health
promotion activity. These findings are in line with a previous
study, where an SMS reminder system resulted in a significant
increase in the practice of breast self-examination [38].

Positive results were also obtained regarding the acceptability
and satisfaction of the 7-day mScreening intervention program.
At the 1-week post-test visit, 83% (25/30) of participants
reported that they were either satisfied or very satisfied with
the mScreening program, and 97% (29/30) of participants stated
that they would recommend the mScreening program to their
friends. Overall, the majority of participants expressed a high
degree of acceptability and satisfaction with the mScreening
intervention program.

Our study shows that the FBM [33] was useful in explaining
and improving cervical cancer screening behaviors. We
identified structural and cultural factors (eg, language limitations
and lack of knowledge regarding cervical cancer and cervical
cancer screening) as well as individual factors (eg, family history
of cancer) that are barriers to cervical cancer screening in Korean
American women. The mScreening intervention addressed such
factors with the intention of minimizing the barriers and
motivating research participants to act upon the preventive
health behavior. Triggers (ie, a SMS/MMS reminder) were also
provided as part of the mScreening intervention, so that research
participants did not only change in terms of their knowledge,
attitudes, and/or beliefs about cervical cancer and its screening,
but were also actively engaged in the utilization of the Pap test.

Limitations
While the results of this study are very promising, there are
some limitations. First, the sample size was relatively small and
we used a quasi-experimental study design. Further research is
needed to validate the effectiveness of the mScreening

intervention with a larger sample of Korean American women
using a rigorous research design, such as a randomized
controlled trial. Second, our study was not designed to explore
what would be the optimum time interval for program delivery.
We delivered the mScreening intervention over a 7-day period.
The study participants’ feedback during the post-test interviews
was that a shorter intervention period would have been better.
Investigations comparing the 7-day text-message program with
a shorter intervention (eg, 5 days or 3 days) may determine if
a briefer time may still be sufficient to bring about behavior
change. However, we also postulate that an individually tailored
intervention with a longer time period may be more effective
for those with more barriers. Third, the ideal intervention
medium is not yet known. Further research is needed to
determine if it is beneficial to individually tailor the length of
the intervention and if a more effective medium may result in
greater behavior change (such as an interactive smartphone
app). Additional investigations should examine the utility of
delivering the text-message program via mobile application
(mobile app), which utilizes a password function to protect
participants’ confidentiality and privacy. The efforts to find the
best intervention medium (text vs mobile app) and the most
appropriate length of intervention (1 week vs fewer days) will
create an intervention that is more effective in promoting
cervical cancer screening and prevention while at the same time
increasing participants’ satisfaction.

Conclusions
Our findings revealed that mobile technology is a promising
tool to increase both knowledge about cervical cancer and
receipt of the Pap test. This study provides evidence for the
feasibility, acceptability, and satisfaction of the mScreening
intervention. Given the widespread use of mobile phones (98%)
and smartphones (83%) among young adults [39], a mobile
phone-based health intervention could be a cost-effective method
of reaching hard-to-reach populations with tailored, individual
messages that cover broad content areas and overcome
restrictions to place and time of delivery. Our developed model
could be expanded for delivery to different age groups of Korean
American women to promote additional types of cancer
screening, such as colonoscopy or mammogram. It could also
be used with other underserved minority groups. Vietnamese,
Hmong, and Laotian American women face similar barriers to
cancer screening and report high cervical cancer incidence and
mortality [40-42]. It is likely that these populations may also
benefit from a similarly tailored intervention approach. Given
emerging technological developments, effective interventions
that could be adapted to efficiently disseminate culturally
appropriate health information and promote positive health
behavior changes would broadly impact the social determinants
of health disparities in hard-to-reach, vulnerable populations.
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Abstract

Background: A sizable majority of adult Internet users report looking for health information online. Social networking sites
(SNS) like Facebook represent a common place to seek information, but very little is known about the representation and use of
health content on SNS.

Objective: Our goal in this study was to understand the role of SNS in health information seeking. More specifically, we aimed
to describe how health conditions are represented on Facebook Pages and how users interact with these different conditions.

Methods: We used Google Insights to identify the 20 most searched for health conditions on Google and then searched each
of the resulting terms on Facebook. We compiled a list of the first 50 Facebook “Pages” results for each health condition. After
filtering results to identify pages relevant to our research, we categorized pages into one of seven categories based on the page’s
primary purpose. We then measured user engagement by evaluating the number of “Likes” for different conditions and types of
pages.

Results: The search returned 50 pages for 18 of the health conditions, but only 48 pages were found for “anemia” and 5 pages
were found for “flu symptoms”, yielding a total of 953 pages. A large number of pages (29.4%, 280/953) were irrelevant to the
health condition searched. Of the 673 relevant pages, 151 were not in English or originated outside the United States, leaving
522 pages to be coded for content. The most common type of page was marketing/promotion (32.2%, 168/522) followed by
information/awareness (20.7%, 108/522), Wikipedia-type pages (15.5%, 81/522), patient support (9.4%, 49/522), and general
support (3.6%, 19/522). Health conditions varied greatly by the primary page type. All health conditions had some
marketing/promotion pages and this made up 76% (29/38) of pages on acquired immunodeficiency syndrome (AIDS). The largest
percentage of general support pages were cancer (19%, 6/32) and stomach (16%, 4/25). For patient support, stroke (67%, 4/6),
lupus (33%, 10/30), breast cancer (19%, 6/31), arthritis (16%, 6/36), and diabetes (16%, 6/37) ranked the highest. Six health
conditions were not represented by any type of support pages (ie, human papillomavirus, diarrhea, flu symptoms, pneumonia,
spine, human immunodeficiency virus). Marketing/promotion pages accounted for 46.73% (10,371,169/22,191,633) of all Likes,
followed by support pages (40.66%, 9,023,234/22,191,633). Cancer and breast cancer accounted for 86.90%
(19,284,066/22,191,633) of all page Likes.

Conclusions: This research represents the first attempts to comprehensively describe publicly available health content and user
engagement with health conditions on Facebook pages. Public health interventions using Facebook will need to be designed to
ensure relevant information is easy to find and with an understanding that stigma associated with some health conditions may
limit the users’ engagement with Facebook pages. This line of research merits further investigation as Facebook and other SNS
continue to evolve over the coming years.

(J Med Internet Res 2014;16(8):e182)   doi:10.2196/jmir.3275
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Introduction

The Internet has radically changed how most people find and
share information about health and medical conditions. The
practice of looking for health information online has become
increasingly popular, with 59% of US adults (72% of adult
Internet users) reporting that they have done so in the past year
[1]. Nearly half of these individuals reported that the information
they found online led them to believe they needed to seek health
attention [1]. Even for serious health conditions such as cancer,
people are more likely to turn to the Internet first for health
information despite a greater trust in their doctor as a source of
information [2]. There are many reasons for the rise of the
Internet as a source of health information, including: 24/7
availability, the greater anonymity it offers for those with
sensitive health care needs, and the opportunity to locate and
connect with other people with similar health conditions [3].

Social media is a relatively new health communication channel
that enables people to communicate and interact with a larger
number of people, find and share information about their health
and medical conditions, and receive health messages [4]. Social
networking sites (SNS) are one of the most popular and widely
used forms of social media with 72% of online US adults using
SNS, as of May 2013 [5]. Facebook is the most widely used
SNS [6], with 93% of online US adult users reporting having a
Facebook account [5] and with 727 million daily users
worldwide [7]. Facebook began as an online social network for
college students and remains popular with young adults—86%
of Internet users aged 18-29 years use Facebook [6]. There has
been a significant upward trend in its adoption by older adults
in recent years and now 73% of Internet users aged 30 to 49
years and 57% of those aged 50 to 64 years report using
Facebook [6]. This is especially significant considering that
individuals become more likely to develop chronic health
conditions as they age.

Despite the rapid and widespread adoption of Facebook among
Internet users, little is known about the broader representation
of health conditions on Facebook. The existing literature has
largely focused on a small number of specific health conditions
that have taken one of two approaches, either (1) an aggregated
content analysis of posts, or (2) a more detailed analysis of
differences in the primary purpose of groups, the number of
members, and the content of posts.

Studies examining the content of posts find marked differences
by health condition. Greene et al [8] examined diabetes groups
and found that two-thirds of wall posts and discussion topics
were characterized by sharing of information on diabetes
management strategies, followed by posts related to emotional
support and promotional themes. In contrast to the findings for
diabetes groups, Ahmed et al [9] found that among Facebook
groups devoted to concussions, nearly two-thirds of posts were
to relate personal experiences of a concussion and posts were
only rarely used to seek information (8%) or offer advice (2%).
Gajaria et al [10] examined posts by youth to attention deficit

hyperactivity disorder (ADHD) Facebook groups. They found
the largest percentage of posts (42%) were about defining
ADHD and creating a sense of group identity, and to seek and
share advice regarding medications and symptom management
(35%).

Bender et al and Thoren et al examined types of groups, number
of members, and the content of posts. Bender et al [11] examined
the content of breast cancer groups and found that most groups
were created for fundraising or awareness purposes, rather than
supportive care. They also found that the awareness groups had
the most members, while the support groups generated the
greatest number of posts. Thoren et al [12] examined the content
of Facebook groups focusing on premature infants. Similar to
findings from breast cancer groups, they found that most
premature infant groups were devoted to fundraising or
awareness purposes and that these groups had the most
members. However, despite the emphasis on fundraising and
awareness groups, 53% of all posts were for “interpersonal
support” and 31% for “information sharing”.

To our knowledge, only two studies have been conducted to
characterize the representation of a broader range of health
conditions on Facebook [13,14]. The most comprehensive study
was conducted by Farmer et al [14], who constructed a list of
search terms based on the 11 most prevalent non-communicable
diseases identified by the World Health Organization. Using
both health and lay terms, they searched all Facebook groups
between December 2007 and January 2009. They found that
respiratory groups, diabetes, cardiovascular disease, and
digestive disease made up the largest number of groups, while
groups related to malignant neoplasms had the most members.
Patient groups comprised of disease sufferers were the most
common (47%), followed by support (28%), and fundraising
(19%) groups. De la Torre-Díez et al [13] examined how three
diseases with the greatest public burden (ie, breast cancer,
colorectal cancer, and diabetes) are represented on Facebook
and Twitter. Conducting a search in 2011, they found that
“prevention” groups that seek to raise awareness and/or money
of a disease was the most popular categorization for all three
diseases (18%), followed by support groups (17.9%), and
research investigations (14.3%).

Taken together, these studies have begun to demonstrate how
people use Facebook to find and share health information.
However, these findings fail to reflect the representation of
health conditions on Facebook, due to the focus on specific
health conditions or the limited inclusion criteria for disease
groups (ie, non-communicable diseases, diseases with greatest
public burden). Therefore, we still lack a comprehensive review
of how health conditions are represented on Facebook.

In this paper, we aimed to (1) describe the results of a search
for 20 common health conditions on Facebook “Pages”, (2)
identify the purpose and content of these pages, and (3) evaluate
user engagement with these pages.
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Results may offer important insights for future public health
initiatives. For example, a better understanding of which
conditions are prominent on Facebook provides perspective on
the accessibility of information on different diseases. Second,
variation in accessibility may have further implications for
class-specific engagement with health conditions on Facebook.
Finally, data on user engagement may provide a means for
health professionals to more effectively disseminate information
on Facebook.

Methods

Facebook Pages
Unlike previous studies, we chose to focus our search on
Facebook “Pages” rather than “Groups”. In the evolution of
Facebook, groups initially served as a primary forum for
communication and, as such, many of the previous studies cited
above conducted their research within this realm. However, the
functionality of groups began to shift following the introduction
of Facebook Pages in 2007, initially created as a way to allow
public profile owners (individuals, organizations, services, etc)
to advertise to Facebook users more easily. These “Fan Pages”
behaved much like a user’s profile and allowed owners to send
updates to those who subscribed to their page and access insights
and analytics of their fan base. Until April 19, 2010, users had
the option to become a “Fan” of a page; this subsequently
changed so that users could “Like” a page. These “Like Pages”
allow for an unlimited number of “Likers” and have additional
functionalities including the ability to add tabs for email
collection and specialized content. In addition, “Community
Pages” were also introduced around this time, allowing for the
integration of content into Facebook directly from Wikipedia
pages.

Pages and groups differ by their function: pages can be thought
to resemble a promotional blog, whereas groups are more
analogous to a moderated message board. The key benefits of
a page over a group is that pages (1) are able to get internal
promotion through the page feed of fans after they like a page,
(2) have more options for customization, (3) have greater search
engine visibility, (4) allow the creator or administrator of the
page to remain anonymous, and (5) give the user more power
to control the content they receive from the page.

In more recent years, pages have exploded in popularity as a
means for publicly accessible interaction, to the point that some
social media commentators have even described groups as
“obsolete” or as a “Facebook fossil” [15]. Along with this shift,
more and more groups have become “closed” (visible on

Facebook but content is visible to members only) or “secret”
(completely invisible to all on Facebook except for invited
members), making information contained within groups no
longer easily accessible to a casually browsing Facebook user.
Therefore, we decided to focus our study on pages, as we believe
that it would be able to provide a more complete picture of a
health condition’s representation on Facebook.

Search Criteria and Strategy
On July 24, 2012, we identified the 20 most searched for health
conditions on Google using Google Insights (see Table 1). These
20 conditions provided the basis for our subsequent searches
on Facebook. On the same day, we conducted searches for these
20 health conditions on Facebook using Facebook Search. For
our searches, we specifically focused on Facebook pages,
excluding search results for people, groups, and other categories.
We recorded the top 50 pages results for each health condition,
as well as the URL and the number of Likes each page had
received from Facebook members.

The Facebook search algorithm is user-centric and search results
will vary for different people based on their past Facebook use,
profile information, and network of friends [16]. To minimize
this effect, we created a new Facebook account using minimal
biographical information, specifying only name, gender, and
age: Jonathan Davis, male, 45 years old. By creating a generic
profile, we hoped to retrieve search results that would be more
representative of health conditions on Facebook and that are
not tailored to individual factors, social context, or geographical
location of the person searching. We ensured that our new
profile had no friends and no preexisting Likes. We also deleted
and disabled cookies and location services prior to conducting
our searches.

Once we had compiled lists of 50 pages for each search term,
we filtered our search results to limit our analysis to those pages
that were relevant to the health condition (see Figure 1). For
instance, when we conducted our search for human
immunodeficiency virus (HIV), many of the top 50 pages were
fan pages for a band named “The Hive”. Similarly, many results
for diarrhea were for a band named “Raging Diarrhea”, or other
topics irrelevant to the health condition. We then further
restricted our analysis to pages that were in English, and that
were based in the United States. If a country was not specified
but the page was in English, we assumed that it was based in
the United States. After filtering the pages with our criteria, we
generated a list of “clean” pages for each condition, which listed
the name of each page and the number of Likes it had received.
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Table 1. Google Insights results: top 20 health condition search terms used in the United States between September 2007-June 2012.a

Health conditionGoogle Insights

cancer1

diabetes2

stomach3

herpes4

back pain5

human immunodeficiency virus (HIV)6

blood pressure7

thyroid8

breast cancer9

arthritis10

acquired immunodeficiency syndrome (AIDS)11

lupus12

diarrhea13

pneumonia14

spine15

flu symptoms16

human papilloma virus (HPV)17

asthma18

anemia19

stroke20

aSearch conducted on July 24, 2012.

Figure 1. Search result workflow.

Coding Page Content and Descriptive Analysis
To determine categories for classifying pages, we started with
a literature review to identify previous categorizations of groups
on Facebook. As noted in the introduction, Facebook pages and
groups serve somewhat different roles, but previous research
provided a starting point for identifying their purpose. For
example, Greene et al [8] used five categories: advertisements,
providing information, requesting information, support, and
irrelevant; De la Torre-Díez et al [13] identified five categories:
fund collecting, awareness, support, prevention, and
disease-fighting; Bender et al [11] used four categories:
fundraising, awareness, promote-a-site, and support; and Farmer
et al [14] used four categories: patient groups, support groups,
fundraising/charity groups, and other. Based on this review, we
initially chose to cluster pages into five categories: patient
support, general support, information/awareness,
marketing/promotion, and other.

Once we compiled our list of pages, two co-authors (ASP and
SZ) evaluated the 20 most recent posts on each page and

categorized page content into one of five types. An example
Facebook page is presented in Figure 2. The two coders
conducted an initial categorization of approximately 90 pages
in order to determine interrater reliability (IRR). Although the
IRR was acceptable (Cohen’s kappa=.74), there was
disagreement on how to code pages that lacked content, or were
Wikipedia-type informational pages with no user content. As
a result, we added categories for Wikipedia and blank pages,
giving us seven categories (see Table 2). Another 90 pages were
coded using the new classification scheme and the IRR improved
(Cohen’s kappa=.83). The remaining pages were then divided
between the two coders.

Once all pages were coded, data was aggregated for each
condition. We first aggregated data on the number of pages by
health condition and type of content. We then compiled data
on the number of page Likes by condition and calculated the
total number of Likes by page content. We used the number of
Likes as a proxy for member interest or engagement with a
health condition on Facebook.

J Med Internet Res 2014 | vol. 16 | iss. 8 | e182 | p.59http://www.jmir.org/2014/8/e182/
(page number not for citation purposes)

Hale et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 2. Screenshot of a Facebook page analyzed in this study.
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Table 2. Page categorization and example posts.

Example page and postDescriptionCategorization

Kick Cancer

“No matter how scary things may seem or how
bad they may look, keep going and never give
up! #kickcancer”

Characterized by emotional and informational support
for patients of the condition. Often included motivational
messages, links, and posts by affected individuals.

1. Patient Support

Mesothelioma Cancer Alliance

“I hope they find a way to diagnose this disease
sooner so more people can be cured and not have
to go thru the devastation so many of us have
had to go thru. Rest in peace daddy.”

Characterized by emotional and informational support
for caregivers, family, friends, and some patients them-
selves. Often included motivational messages and posts
by supporters of affected individuals.

2. General Support

Cancer Sucks

“New Cancer Sucks Purple Heart design tee’s
available in both men’s and women’s styles! Get
yours now!”

Characterized by promotion of specific products, events,
or institutions. Included self-promotion of the page or
events and organization run by the page managers.

3. Marketing/Promotion

Breast Cancer Awareness

“medicalxpress.com: Accelerated radiation
treatment effective for noninvasive breast can-
cer”

Characterized by a focus on raising awareness of a
condition or facilitating information exchange. Included
many links to information, treatment recommendations,
and research pages.

4. Information/Awareness

Cancer

“From Wikipedia, the free encyclopedia”

Some pages simply provided information from
Wikipedia on the condition.

5. Wikipedia

Diarrhea

None

Blank pages were pages that addressed the condition,
but did not have any posts.

6. Blank

Mrs Lupus

“Here is one of my most popular blog posts, it
is not very informative but it is written with raw
emotion that all us lupies can understand.”

Any pages that did not fit the above categories were
classified as “other.” For example, we classified personal
blogs by people who were affected by a condition as
“other”.

7. Other

Results

Facebook Page Search
Our first aim was to describe the results of a search for 20
common health conditions on Facebook. We used the Facebook
search function to list the first 50 pages found for each of the
20 health conditions identified using Google Insights (see Table
3). The search returned 50 pages for 18 of the health conditions,
but only 48 pages were found for “anemia” and five pages were
found for “flu symptoms”. Thus, the list or sample of pages
returned was 953 pages.

The Facebook search turned up a number of irrelevant pages
that were not about health conditions. Of the 953 pages returned
in the search, 280 pages were not about the health condition
used in the search term. The number of relevant pages also

varied considerably by health condition. Conditions with the
greatest number of relevant pages were breast cancer and
diabetes (n=50), followed by cancer, thyroid, and arthritis
(n=49). Conditions with the lowest number of relevant pages
were stroke (n=10), HIV (n=10), spine (n=18), human
papillomavirus (HPV; n=23), and diarrhea (n=23). The search
for flu symptoms yielded only five pages, but 100% of the pages
were relevant.

A second criteria was that pages be in English and have a user
base located in the United States. This further reduced the
number of relevant pages by 151 to 522 pages. Five conditions
(stroke, HPV, asthma, breast cancer, and cancer) had one-third
or more of relevant pages in a language other than English or
located outside North America. The median number of relevant
pages for each health condition was 29 and ranged from 5 to
43 pages (results not shown in Table 3).
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Table 3. Relevant Facebook pages.

Clean pagesb,

n (%)c

Eliminated non-US,

n (%)a

Relevant,

n (%)

Pages sampledHealth conditionGoogle Insights
ranking

32 (64.0)17 (34.7)49 (98.0)50cancer1

37 (74.0)13 (26.0)50 (100.0)50diabetes2

25 (50.0)1 (3.9)26 (52.0)50stomach3

28 (56.0)5 (15.2)33 (66.0)50herpes4

34 (68.0)10 (22.7)44 (88.0)50back pain5

8 (16.0)2 (20.0)10 (20.0)50human immunodeficiency virus (HIV)6

37 (74.0)6 (14.0)43 (86.0)50blood pressure7

43 (86.0)6 (12.2)49 (98.0)50thyroid8

31 (62.0)19 (38.0)50 (100.0)50breast cancer9

36 (72.0)13 (26.5)49 (98.0)50arthritis10

38 (76.0)5 (11.6)43 (86.0)50acquired immunodeficiency syndrome (AIDS)11

30 (60.0)7 (18.9)37 (74.0)50lupus12

19 (38.0)4 (17.4)23 (46.0)50diarrhea13

36 (72.0)3 (7.7)39 (78.0)50pneumonia14

14 (28.0)4 (22.2)18 (36.0)50spine15

5 (100.0)0 (0.0)5 (100.0)5flu symptoms16

14 (28.0)9 (39.1)23 (46.0)50human papillomavirus (HPV)17

25 (50.0)16 (39.0)41 (82.0)50asthma18

24 (50.0)7 (22.6)31 (64.6)48anemia19

6 (12.0)4 (40.0)10 (20.0)50stroke20

522 (54.8)151 (22.4)673 (70.6)953Totals

aPercent of health condition relevant pages.
bMean number of pages=26; median number of pages=29; interquartile range=18.25.
cPercent of pages sampled.

Health Conditions on Facebook Pages
Our second aim was to identify the content of the 522 pages
identified as relevant to health conditions. The most frequent
page type was marketing/promotion, which accounted for
168/522 or 32.2% of pages. The next most frequent page types
were information and awareness of a health condition (20.7%,
108/522) followed by Wikipedia-type pages (15.5%, 81/522),
patient support (9.4%, 49/522), and general support (3.6%,
19/522). A total of 64 pages were coded as “other” type. Finally,
33 pages that did not contain enough information were coded
as blank.

Next, we examined pages by health condition and content (see
Tables 4 and 5). All health conditions had some pages devoted
to marketing/promotion, ranging from 76% (29/38) of acquired
immunodeficiency syndrome (AIDS) pages to 5% (1/19) of
diarrhea pages. Six conditions (ie, AIDS, arthritis, spine, breast
cancer, asthma, and cancer) had more than 40% of the pages
devoted primarily to marketing/promotion. Wikipedia pages
comprised a large percentage of acute conditions (anemia, 58%,

14/24; pneumonia, 58%, 21/36; flu symptoms, 40%, 2/5; and
diarrhea, 26%, 5/19) but formed a much smaller proportion for
breast cancer (3%, 1/31) and cancer (3%, 1/32) pages. For HIV,
spine, and diabetes pages, 40% or more were
information/awareness-type pages. In contrast to the high
percentage of Wikipedia pages devoted to pneumonia, diarrhea,
and flu symptoms, these conditions made up a small percentage
of information/awareness pages. Cancer and breast cancer made
up 25% (8/32) and 23% (7/31) of information/awareness pages,
respectively. Conditions with the largest percentage of support
pages were cancer (19%, 6/32) and stomach (16%, 4/25) for
general support, and stroke (67%, 4/6), lupus (33%, 10/30),
breast cancer (19%, 6/31), arthritis (16%, 6/36), and diabetes
(16%, 6/37) for patient support. A large number of health
conditions were not represented by any type of support pages
(ie, HPV, diarrhea, flu symptoms, pneumonia, spine, HIV).
Over 30% of blood pressure, diarrhea, and herpes pages could
not be classified as one of the other types and were categorized
under other. Over 25% of HPV and diarrhea pages did not
contain sufficient information to determine the purpose of the
pages and were categorized as blank.
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Table 4. Facebook pages by health condition and content—General Support, Patient Support, and Information/Awareness.

Information,

n (%)

Patient support,

n (%)

General support,

n (%)

Clean pages,

n

Health conditionGoogle Insights
ranking

8 (25.0)3 (9.4)6 (18.8)32cancer1

15 (40.5)6 (16.2)1 (2.7)37diabetes2

7 (28.0)1 (4.0)4 (16.0)25stomach3

4 (14.3)0 (0.0)1 (3.6)28herpes4

11 (32.4)3 (8.8)0 (0.0)34back pain5

4 (50.0)0 (0.0)0 (0.0)8human immunodeficiency virus (HIV)6

10 (27.0)1 (2.7)0 (0.0)37blood pressure7

11 (25.6)5 (11.6)0 (0.0)43thyroid8

7 (22.6)6 (19.4)1 (3.2)31breast cancer9

3 (8.3)6 (16.7)1 (2.8)36arthritis10

3 (7.9)0 (0.0)3 (7.9)38acquired immunodeficiency syndrome (AIDS)11

5 (16.7)10 (33.3)1 (3.3)30lupus12

1 (5.3)0 (0.0)0 (0.0)19diarrhea13

2 (5.6)0 (0.0)0 (0.0)36pneumonia14

6 (42.9)0 (0.0)0 (0.0)14spine15

0 (0.0)0 (0.0)0 (0.0)5flu symptoms16

2 (14.3)0 (0.0)0 (0.0)14human papillomavirus (HPV)17

7 (28.0)2 (8.0)1 (4.0)25asthma18

2 (8.3)2 (8.3)0 (0.0)24anemia19

0 (0.0)4 (66.7)0 (0.0)6stroke20

108 (20.7)49 (9.4)19 (3.6)522Total 
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Table 5. Facebook pages by health condition and content—Wikipedia, Marketing, Other, and Blank.

Blank,

n (%)

Other,

n (%)

Marketing,

n (%)

Wikipedia,

n (%)

Clean pages,

n

Health conditionGoogle Insights
ranking

1 (3.1)0 (0.0)13 (40.6)1 (3.1)32cancer1

0 (0.0)1 (2.7)11 (29.7)3 (8.1)37diabetes2

3 (12.0)5 (20.0)3 (12.0)2 (8.0)25stomach3

4 (14.3)9 (32.1)5 (17.9)5 (17.9)28herpes4

2 (5.9)6 (17.7)10 (29.4)2 (5.9)34back pain5

0 (0.0)0 (0.0)2 (25.0)2 (25.0)8human immunodeficiency virus (HIV)6

3 (8.1)14 (37.8)4 (10.8)5 (13.5)37blood pressure7

3 (7.0)8 (18.6)9 (20.9)7 (16.3)43thyroid8

0 (0.0)0 (0.0)16 (51.6)1 (3.2)31breast cancer9

0 (0.0)1 (2.8)22 (61.1)3 (8.3)36arthritis10

0 (0.0)1 (2.6)29 (76.3)2 (5.3)38acquired immunodeficiency syndrome (AIDS)11

0 (0.0)3 (10.0)11 (36.7)0 (0.0)30lupus12

5 (26.3)7 (36.8)1 (5.3)5 (26.3)19diarrhea13

7 (19.4)4 (11.1)2 (5.6)21 (58.3)36pneumonia14

0 (0.0)0 (0.0)8 (57.1)0 (0.0)14spine15

1 (20.0)1 (20.0)1 (20.0)2 (40.0)5flu symptoms16

4 (28.6)1 (7.1)3 (21.4)4 (28.6)14human papillomavirus (HPV)17

0 (0.0)2 (8.0)12 (48.0)1 (4.0)25asthma18

0 (0.0)1 (4.2)5 (20.9)14 (58.3)24anemia19

0 (0.0)0 (0.0)1 (16.7)1 (16.7)6stroke20

33 (6.3)64 (12.3)168 (32.2)81 (15.5)522Total 

Likes on Facebook Pages
Our third aim was to examine the level of user engagement for
each of the 20 health conditions represented on Facebook pages.
For each of the conditions, we aggregated the number of Likes
for the pages of each condition, as well as the average, median,
minimum, and maximum (see Table 6). For the 20 health
conditions we searched for on Facebook pages, there were
22,191,633 Likes. The mean number of Likes across all health
condition pages was 1,110,240 and ranged from 0 to 3,537,360.
Cancer and breast cancer together account for 86.90%
(19,284,066/22,191,633) of total Likes. AIDS and diabetes each
account for about 4.5% of total Likes, followed by HIV and
lupus with about 1.1% each. The remaining 14 health conditions
represent less than 2% of the total Likes.

Likes were most often given to marketing/promotion pages,
which accounted for 46.73% (10,371,169/22,191,633) of all
Likes. Support pages accounted for 40.66%
(9,023,234/22,191,633) of total Likes with general support
accounting for 35.89% (7,964,328/22,191,633) and patient
support for 4.77% (1,058,906/22,191,633). This is in contrast
to the findings for the number of pages, in which patient support
and general support accounted for relatively small percentages
of the total pages (9.4%, 49/522 and 3.6%, 19/522, respectively)
compared to information and Wikipedia pages (20.7%, 108/522
and 15.5%, 81/522, respectively).

Finally, we examined how the number of Likes by health
condition and type of page content (see Tables 7 and 8). Twelve
health conditions were primarily represented by Likes on
marketing/promotion pages, with the percentage of pages coded
as marketing/promotion exceeding the percentage for any other
type (herpes, HIV, HPV, AIDS, flu symptoms, anemia, cancer,
lupus, breast cancer, spine, blood pressure, and back pain). A
total of 80% or more of herpes, HIV, and HPV Likes were on
pages coded as marketing/promotion. Seven conditions were
primarily represented by Likes on information/awareness or
Wikipedia pages. Pneumonia, diabetes, arthritis, thyroid, and
stomach were primarily represented by Likes on
information/awareness pages. Only 9-10% of cancer and breast
cancer Likes were on information/awareness pages. Cancer and
breast cancer Likes were nearly evenly divided between
marketing/promotion and combined support pages. Cancer and
breast cancer pages accounted for most of the general support
Likes (94.59%, 7,533,563/7,964,328) and, although a modest
percentage of breast cancer and cancer pages were categorized
as patient support (19%, 6/31 and 9%, 3/32 respectively), the
large number of Likes for these two health conditions comprised
82.78% (876,589/1,058,906) of the total number of patient
support Likes. Wikipedia pages made up the largest percentage
of diarrhea and asthma Likes. The largest percentage of Likes
on thyroid pages were on those classified as patient support.
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Table 6. Facebook “Likes” by health condition.

MedianMaximumMinimumAverageTotal Likes,

n (%)

Health conditionGoogle Insights
ranking

29,7763,537,341956319,64410,228,611 (46.09)cancer1

4529473,58561826,672986,868 (4.45)diabetes2

5726044202114528,620 (0.13)stomach3

10436,7303167146,778 (0.21)herpes4

2822299144615,165 (0.07)back pain5

4215207,09824631,184249,468 (1.12)human immunodeficiency virus (HIV)6

27162902629711 (0.04)blood pressure7

81514,2492175775,539 (0.34)thyroid8

19,0543,537,3601,005292,1119,055,455 (40.81)breast cancer9

70834,5782002960106,565 (0.48)arthritis10

3487551,88865126,6951,014,419 (4.57)acquired immunodeficiency syndrome (AIDS)11

171276,2972318043241,286 (1.09)lupus12

44232923276215 (0.03)diarrhea13

3440501936952 (0.03)pneumonia14

58813,196197256938,213 (0.17)spine15

2270943 (0.00)flu symptoms16

57359403845371 (0.02)human papillomavirus (HPV)17

390827919299624,890 (0.11)asthma18

1902845749511,887 (0.05)anemia19

391518,6702129659639,577 (0.18)stroke20

22,191,633 (100.00)Total 
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Table 7. Facebook “Likes” by health condition and content—General Support, Patient Support, and Information/Awareness.

Information,

n (%)

Patient support,

n (%)

General support,

n (%)

Total LikesHealth conditionGoogle Insights
ranking

905,348 (8.85)372,880 (3.65)3,996,203 (39.07)10,228,611cancer1

559,877 (56.73)71,482 (7.24)207,285 (21.00)986,868diabetes2

8439 (29.49)2022 (7.06)6466 (22.59)28,620stomach3

3772 (8.06)0 (0.00)32 (0.07)46,778herpes4

3662 (24.15)1567 (10.33)0 (0.00)15,165back pain5

28,815 (11.55)0 (0.00)0 (0.00)249,468human immunodeficiency virus (HIV)6

3868 (39.83)992 (10.22)0 (0.00)9711blood pressure7

22,761 (30.13)4700 (6.22)0 (0.00)75,539thyroid8

888,712 (9.81)503,709 (5.56)3,537,360 (39.06)9,055,455breast cancer9

42,929 (40.28)30,204 (28.34)2124 (1.99)106,565arthritis10

19,297 (1.90)0 (0.00)214,308 (21.13)1,014,419acquired immunodeficiency syndrome (AIDS)11

79,861 (33.10)37,287 (15.45)231 (0.10)241,286lupus12

1433 (23.06)0 (0.00)0 (0.00)6215diarrhea13

4455 (64.08)0 (0.00)0 (0.00)6952pneumonia14

22,885 (59.89)0 (0.00)0 (0.00)38,213spine15

0 (0.00)0 (0.00)0 (0.00)43flu symptoms16

121 (2.25)0 (0.00)0 (0.00)5371human papillomavirus (HPV)17

7927 (31.85)1460 (5.87)319 (1.28)24,890asthma18

1240 (10.43)101 (0.85)0 (0.00)11,887anemia19

0 (0.00)32,502 (82.12)0 (0.00)39,577stroke20

2,605,402 (11.73)1,058,906 (4.77)7,964,328 (35.87)22,191,633Total 

J Med Internet Res 2014 | vol. 16 | iss. 8 | e182 | p.66http://www.jmir.org/2014/8/e182/
(page number not for citation purposes)

Hale et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 8. Facebook “Likes” by health condition and content—Wikipedia, Marketing, Other, and Blank.

Blank,

n (%)

Other,

n (%)

Marketing,

n (%)

Wikipedia,

n (%)

Total LikesHealth conditionGoogle
Insights
ranking

956 (0.01)0 (0.00)4,932,796 (48.23)20,428 (0.20)10,228,611cancer1

0 (0.00)618 (0.06)110,731 (11.22)36,875 (3.74)986,868diabetes2

1206 (4.21)5387 (18.82)2868 (10.02)2232 (7.80)28,620stomach3

257 (0.55)810 (1.73)40,495 (86.57)1412 (3.02)46,778herpes4

2145 (14.14)364 (2.40)4701 (31.00)2726 (17.98)15,165back pain5

0 (0.00)0 (0.00)211,687 (84.86)8966 (3.59)249,468human immunodeficiency virus (HIV)6

4 (0.04)504 (5.19)3023 (31.13)1320 (13.59)9711blood pressure7

32 (0.04)18,850 (24.95)19,883 (26.32)9313 (12.33)75,539thyroid8

0 (0.00)0 (0.00)4,123,917 (45.54)1757 (0.02)9,055,455breast cancer9

0 (0.00)4505 (4.23)17,782 (16.69)9021 (8.47)106,565arthritis10

0 (0.00)3996 (0.39)751,491 (74.08)25,327 (2.50)1,014,419acquired immunodeficiency syndrome
(AIDS)

11

0 (0.00)9075 (3.76)114,832 (47.59)0 (0.00)241,286lupus12

69 (1.11)1956 (31.47)321 (5.16)2436 (39.20)6215diarrhea13

20 (0.29)167 (2.40)605 (8.70)1705 (24.53)6952pneumonia14

0 (0.00)0 (0.00)15,328 (40.11)0 (0.00)38,213spine15

2 (4.65)1 (2.33)27 (62.79)13 (30.23)43flu symptoms16

124 (2.31)7 (0.13)4329 (80.60)790 (14.71)5371human papillomavirus (HPV)17

0 (0.00)1771 (7.12)5134 (20.63)8279 (33.26)24,890asthma18

0 (0.00)170 (1.43)6273 (52.77)4103 (34.52)11,887anemia19

0 (0.00)0 (0.00)4946 (12.50)2129 (5.38)39,577stroke20

4815 (0.02)48,181 (0.22)10,371,169 (46.71)138,832 (0.63)22,191,633Total 

Discussion

Principal Findings
We used Google Insights to identify the 20 most searched for
health conditions and then searched for these terms on Facebook.
We found that a large number of pages were not about the health
condition searched, but a similarly named topic. The most
common type of page content was marketing/promotion,
followed by information/awareness. Only a small number of
pages were devoted to social support and six conditions were
not represented by any support pages (ie, HPV, diarrhea, flu
symptoms, pneumonia, spine, HIV). We also found that
engagement measured by Likes was greater for general support
and marketing/promotion than for patient support and
information/awareness pages.

Relevant Pages
A Facebook search for health conditions returned a large number
of page results that were not relevant to the health condition
searched (29.4%, 280/953). Additionally, the percentage of
relevant pages varies considerably by health condition. While
98% or more of pages listed for six conditions were relevant
(flu symptoms, diabetes, breast cancer, cancer, thyroid, arthritis),

less than 50% of pages were relevant for five conditions (HIV,
stroke, spine, HPV, diarrhea; see Tables 4 and 5).

The variation in the number of relevant pages may be due to
the breadth of health conditions that we searched for and/or the
method used to identify the Facebook groups and pages.
Previous research examining Facebook groups for specific health
conditions found that most content was relevant. A total of 97%
of the posts were relevant on the 25 largest Facebook groups,
focusing on premature infants [12] and on the largest Facebook
diabetes groups [8]. Ahmed and colleagues [9] found that 89%
of posts on 17 Facebook groups related to concussions were
relevant. In contrast, using a search method similar to the one
we used, Sajadi and Goldman [17] examined the usefulness of
the first 30 listed results for the search term “incontinence” on
Facebook, Twitter, and YouTube. They found that nearly half
of the search results on Facebook led to pages with no useful
information. This problem may be overrepresented in our study
due to our search methodology of using a “clean” Facebook
profile. With more information about a user, Facebook is likely
to show pages that are more relevant to the user, which may
also be more relevant to the condition searched.

The difficulty in finding Facebook pages with relevant health
information may pose a significant barrier for people with
inadequate digital skills. A growing body of literature finds that
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people with better Internet skills are more likely to go online
to search for information, including health information [18,19],
and make more varied and effective use of online information
resources [20]. Additionally, Internet and information seeking
skills vary by socioeconomic status and prior Internet access
and use [19,20]. These digital inequalities may limit the utility
of Facebook as a health communication channel for people from
socially disadvantaged groups and may in fact contribute to
increasing knowledge gaps [21-24] and health disparities. Public
health interventions that use Facebook as a health
communication channel will need to be designed to ensure that
information is easy to find for all members of the target
population.

Page Content and Social Support
One benefit of using social media for health communication,
identified by Moorhead et al [4] in a systematic review of 98
research articles, is the ability for people to draw social support
from a large network of friends, relatives, and other users. We
found, however, that only 13.0% (68/522) of pages were devoted
to social support and that the largest percentage of pages were
marketing/promotion (32.2%, 168/522) and information (20.7%,
108/522). Additionally, the percentage of social support pages
varied considerably by health condition. For example, several
health conditions were represented by few or no social support
pages (HIV, AIDS, HPV, herpes, diarrhea, flu symptoms,
pneumonia, anemia, blood pressure, and spine) and were largely
represented by information and marketing/promotion pages. In
contrast, five health conditions (stroke, lupus, cancer, breast
cancer, stomach) were represented by 20-67% by social support
pages.

Direct comparisons with other studies are difficult due to the
differences in the focus on pages versus groups, classification
schemes, and the range of health conditions examined. However,
the relative lack of pages devoted to social support that we found
is consistent with the findings of Bender et al [11] of Facebook
breast cancer groups. Although we found a greater percentage
of breast cancer pages devoted to social support (22.6%, 7/31)
than Bender et al among groups (7%), they found that groups
devoted to fundraising (45%) and raising awareness (38%) were
most common. In contrast, Farmer et al [14] found that support
groups made up a substantial percentage of groups for the 11
most prevalent non-communicable diseases on Facebook. They
found that patient groups accounted for 47% of groups, followed
by patient/caregiver support groups (28%), and fundraising
groups (19%).

The relatively low percentage of social support pages for some
health conditions may be due to the higher level of stigma
associated with these conditions (ie, HIV, AIDS, HPV, herpes)
compared to non-communicable diseases (ie, stroke, lupus,
cancer, breast cancer). Rains [25] found that anonymity was
one strategy used by people who are embarrassed by their illness
and that people with high levels of online anonymity disclosed
more health experiences. The lack of anonymity on Facebook
may pose a barrier to people’s willingness to disclose
information about their health condition or to provide open
support to other users and limit the effectiveness of public health
interventions for some health conditions. Further research is

needed to explore how perceived stigma and illness-related
embarrassment influences people’s willingness to disclose
information and express social support.

Engagement
Third, we found that engagement measured by Likes was
disproportionate to the number of pages in each category. For
example, general support and marketing/promotion pages
comprised a larger percentage of Likes than would be expected
given the percentage of pages. General support pages
represented only 3.6% (19/522) of pages but comprised 35.89%
(7,964,328/22,191,633) of Likes. Similarly,
marketing/promotion represented 32.2% (168/522) of pages but
comprised 46.73% (10,371,169/22,191,633) of Likes. In
contrast, patient support and information/awareness pages were
underrepresented in Likes compared to percentage of pages,
while Wikipedia pages received no Likes.

The greater engagement with general support and
marketing/promotion pages versus patient support and
information/awareness pages may have to do with what
Facebook users view as appropriate use and activities on the
site. Lampe et al [26] studied the perception of Facebook’s value
as an information source and found that on average, users did
not find it appropriate to seek information on Facebook and
were not likely to make extensive use of the site for information
seeking. Another reason may be that marketing/promotion pages
have commercial interest in gaining popularity and may employ
methods like Facebook ads or viral campaigns to increase the
visibility and engagement with their pages through likes. Future
research should explore users’ perceived norms surrounding
the use of Facebook and how these norms impact disclosure of
health conditions, seeking health information, and providing
social support to people who are ill.

Limitations and Future Research
Although this study has several strengths, including the
examination of the search results for 20 health conditions and
nearly 1000 Facebook pages and a content categorization
scheme based on previous health communication research, it
has several limitations.

First, in the time since we collected our data, Facebook has
modified its search function. Starting in January 2013, Facebook
began to roll out a new “graph search”, which became available
to all of Facebook’s English (US) users by the end of July. The
new search function includes three visible changes. First, search
results are formatted slightly differently: profile pictures and
fonts are larger and more prominent. Second, the search results
now include a column on the right side of the page, which
features the name, profile picture, and cover picture for the top
search result as well as Web searches for the search term.
Finally, search listings now include a line for each page that
indicates pages that “people also like.”

In practice, these changes appear to have little impact on
searches regarding health conditions. Even so, the new search
may have network effects that will impact future search results
and which pages users are likely to view. In particular, the
“people also like” feature may guide users to certain pages.
Given that it lists similar types of pages as well (other non-profit

J Med Internet Res 2014 | vol. 16 | iss. 8 | e182 | p.68http://www.jmir.org/2014/8/e182/
(page number not for citation purposes)

Hale et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


organizations in the example above), it may also help users find
certain types of pages. Future research will be required to
examine how changes in search engines impact users’ ability
to find relevant information and pages.

Second, we evaluated the representation of health conditions
only on Facebook pages and we did not examine private
messages or private groups as we were interested in what is
made public to all users when searching for health conditions
on Facebook. Private messaging and groups might be more
appropriate channels for communicating about sensitive health
topics and warrant future research. This limitation is not unique
to our study; previous research on health conditions among
Facebook groups has focused on public groups and messages.
Additionally, our data were collected over a limited time period
and for only the first 50 pages returned in the search results. A
more comprehensive set of data may yield evidence of
longitudinal or seasonal patterns in the representation of health
conditions that we were not able to detect.

Third, we did not attempt to formally evaluate the accuracy of
the informational content of pages. Thus, pages that were
categorized as relevant may vary greatly in the utility of the
information provided for differing health conditions. Future
research on the quality of content across key health conditions
may highlight critical topics of misinformation and be used to
support interventions designed to correct and/or counter poor
information resources.

Fourth, our descriptive analysis does not provide any data on
the characteristics of Facebook members who searched for
health conditions or how they used the information they found.

Future research should examine how people make use of
Facebook as one element of a communication ecology to address
their informational needs and to garner social support, and how
this usage impacts their health care utilization, self-care, and
health outcomes.

Conclusions
The rapid growth and diffusion of social media and SNS during
the past 10 years has created new opportunities for people to
find and share information about a wide variety of health
conditions. Facebook is the most widely used SNS in the United
States; however, little is known about the diversity of health
conditions represented on Facebook. This research represents
the first attempt to comprehensively describe the content and
level of user engagement with health conditions on Facebook
pages. Our findings provide useful baseline information and
several insights to inform future research and interventions
designed to improve public health. We found that a search of
Facebook for common health conditions provided a large
number of irrelevant pages. In addition, most pages were
devoted to marketing/promotion and relatively few pages were
devoted to social support. Social support was especially
underrepresented in pages for health conditions for
communicable diseases. Public health interventions using
Facebook will need to be designed to ensure relevant
information is easy to find and with an understanding that stigma
associated with some health conditions may limit the utility of
Facebook as a channel for health communication. This line of
research merits further investigation as Facebook and other SNS
continue to evolve over the coming years.
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Abstract

Background: As the number of people with Internet access rises, so does the use of the Internet as a potentially valuable source
for health information. Insight into patient use of this information and its correlates over time may reveal changes in the digital
divide based on patient age and education. Existing research has focused on patient characteristics that predict Internet information
use and research on treatment context is rare.

Objective: This study aims to (1) present data on the proportion of newly diagnosed breast cancer patients treated in German
breast centers from 2007 to 2013 who used the Internet for information on their disease, (2) look into correlations between Internet
utilization and sociodemographic characteristics and if these change over time, and (3) determine if use of Internet information
varies with the hospitals in which the patients were initially treated.

Methods: Data about utilization of the Internet for breast cancer–specific health information was obtained in a postal survey
of breast cancer patients that is conducted annually in Germany with a steady response rate of 87% of consenting patients. Data
from the survey were combined with data obtained by hospital personnel (eg, cancer stage and type of surgery). Data from 27,491
patients from 7 consecutive annual surveys were analyzed for this paper using multilevel regression modeling to account for
clustering of patients in specific hospitals.

Results: Breast cancer patients seeking disease-specific information on the Internet increased significantly from 26.96%
(853/3164) in 2007 to 37.21% (1485/3991) in 2013. Similar patterns of demographic correlates were found for all 7 cohorts.
Older patients (≥70 years) and patients with <10 years of formal education were less likely to use the Internet for information on
topics related to their disease. Internet use was significantly higher among privately insured patients and patients living with a
partner. Higher cancer stage and a foreign native language were associated with decreased use in the overall model. Type of
surgery was not found to be associated with Internet use in the multivariable models. Intraclass correlation coefficients were
small (0.00-0.03) suggesting only a small contribution of the hospital to the patients’ decision to use Internet information. There
was no clear indication of a decreased digital divide based on age and education.

Conclusions: Use of the Internet for health information is on the rise among breast cancer patients. The strong age- and
education-related differences raise the question of how relevant information can be adequately provided to all patients, especially
to those with limited education, older age, and living without a partner.

(J Med Internet Res 2014;16(8):e195)   doi:10.2196/jmir.3289
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Introduction

As the number of people with Internet access continues to rise,
so too does the number of people using the Internet as a source
for health information or health-related activities [1,2]. Over
the past two decades, this has led to major changes in both the
way health information is consumed and the amount of
knowledge laypersons can access relatively easily [3,4].

Breast cancer offers an important arena for exploration of patient
Internet use. Breast cancer is a major public health concern, as
it is the most common form of cancer and the second major
cause of cancer-related deaths among women in the United
States. In Germany, 1 in 8 women will face a breast cancer
diagnosis in her lifetime [5]. In the Internet age, a new role has
become available to patients as information managers.
Information acquisition through the Internet can help develop
patient competence in dealing with challenges of a
life-threatening illness, such as breast cancer [6].

Internet accessibility and its use for health purposes are
distributed unequally over the population and its effects are not
without controversies. Focusing on benefits to patients, a number
of studies emphasize that using health information from the
Internet is associated with stronger participation in decision
making [7], better decisions [8], more frequent change of health
behavior [9], and it may enable patients to communicate with
doctors more effectively [10,11]. In contrast, other studies argue
that using the Internet for health information may lead to erosion
of the patient-provider relationship [12,13] or may confuse
patients [14]. The early literature on health-related Internet use
was particularly concerned with the limited ability of laypersons
to evaluate information obtained on the Internet [15].

It is increasingly important for health care providers to give
serious consideration to the information patients collect and to
address their understanding of that information [16-18]. Taking
into account the varying quality of websites providing health
information, quality assurance and expert participation is
warranted [19]. Nevertheless, there is indication of improvement
in the quality of information offered to patients with breast
cancer through a growing number of high quality websites (eg,
National Institutes of Health [20], Agency for Healthcare
Research and Quality [21], and National Cancer Institute [22]
in the United States, and gesundheitsinformation.de [23] and
Krebsgesellschaft [24] in Germany). As Eysenbach stated,
referring to the accuracy of cancer information websites as far
back as 2003: it “is not so bad after all” [10]. The increasing
sophistication of Internet sites enables patients to access not
only sites designed for patients, but also peer-reviewed scientific
articles that describe the latest research relevant to specific
problems of the patient.

Patients using the Internet to gain access to health information
for various illnesses tend to be younger and of higher
socioeconomic status across countries [25-31]. This
well-documented “digital divide” might become a major threat

to equity in health care once relevant or even necessary
information can only be or best be accessed online.

Although reports on the proportion of patients who use the
Internet to gain health information vary widely [10,32,33],
recent results based on 2011 data suggest that more than 50%
of breast cancer patients [25] used the Internet to gain
disease-specific information. Because of such widespread
reliance on the Internet among female breast cancer patients,
there is a clear need for up-to-date information on trends in this
form of information acquisition. Differences in the proportion
of individuals using the Internet not only differ according to the
specific sample and the country or region under investigation,
but also study design and the questions posed. Variability among
studies in the nature of the disease and time since diagnosis also
makes comparisons over time difficult and leaves unanswered
questions about trends in the digital divide in relation to health
information-seeking [34,35]. Although much research focuses
on demographic correlates of online health information use, to
our knowledge no study has yet investigated differences across
locations of treatment. If variation across locations of treatment
persists after controlling for individual characteristics this might
offer further important clues to patient motivations for using
the Internet for information. Thus, it is possible that unsatisfying
experiences in the medical encounter or limited explanations
communicated by health care providers would result in increased
patient Internet use for health-related information.

The aim of our study was to expand the knowledge base about
personal demographic, contextual, and temporal determinants
of Internet use among newly diagnosed cancer patients.
Specifically, this study aims to (1) present data on the proportion
of 7 cohorts of newly diagnosed breast cancer patients treated
in German breast center hospitals from 2007 to 2013 who used
the Internet for information on their disease, (2) consider
stability and change in patient characteristics predicting Internet
use over time focusing on the digital divide based on age,
education, and insurance status as an indicator of socioeconomic
status, and (3) determine if use of information from the Internet
varies by the hospital in which the patients were initially treated.

In doing so, we hope to expand existing knowledge by
investigating developments over time and addressing the health
care organization’s contribution to online health information
use while taking clinical data (stage, type of surgery) and
potentially relevant patient characteristics (partnership status,
native language, gender) into account.

Methods

Participants
This report analyzed data drawn from a larger program of
research designed to investigate the breast center concept of the
German federal state of North Rhine-Westphalia (population
17.5 million). Patients treated for newly diagnosed breast cancer
in one of the accredited breast center hospitals were asked to
self-administer a questionnaire at home after discharge from
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the hospital [36]. Patients were included in the survey if they
had a first diagnosis of breast cancer, underwent surgery during
their current hospital stay, and had at least one malignancy, at
least one postoperative histology, and a confirmed diagnosis of
breast cancer with an International Classification of Diseases
(ICD) code of C50.x or D05.x. Each year between February
and June (survey period 6 months), all patients who fulfilled
the inclusion criteria were included in the study consecutively.
Cross-sectional surveys were performed with samples of patients
from all accredited breast center hospitals in the region studied.

Shortly before discharge from the hospital, patients were asked
by the hospital staff to give written consent to be included in
the survey. Once the patients had given their consent, hospital
personnel from the centers provided the research team with
clinical information on the patients. The survey was designed
according to Dillman’s Total Design Method with 3 contacts
[37]. The survey was sent out to the patient’s home address
within a week of receiving written consent. The study was
approved by the institutional ethics committee of the University
Hospital of Cologne, Germany. We analyzed data from each of
the 7 years (2007 to 2013). Of the 35,371 patients meeting the
inclusion criteria, 31,293 (88.47%) consented to the survey. Of
these, 27,491 (87.85%) returned the questionnaire. These
patients make up the sample for the analyses.

Measures

Dependent Variable
The dependent variable was use of the Internet for breast
cancer–specific health information assessed based on response
to a survey question that asked about such Internet use (yes/no).

Independent Variables
Patient sociodemographic data and clinical status served as
independent variables. Patients were asked to indicate their date
of birth, native language, insurance status, highest year of
education attained, and partnership status on the questionnaire.
Except for age (continuous) the sociodemographic variables are
categorized into native language (German vs other), insurance
status (statutory health insurance vs partly private/partly private),
highest year of education (≥10 years of school vs <10 years of
school), partnership status (living with a partner vs not living
with a partner), and gender (male vs female).

In addition to the data collected by the patient questionnaire,
medical personnel contributed clinical data and information
about type of surgery performed after patient consent. The
cancer stage was categorized using Union for International
Cancer Control (UICC) categories [38]; type of surgery was
dichotomized (breast-conserving treatment vs mastectomy).

Statistical Analyses

Proportions of Internet Users
The proportion of patients who used Internet information about
breast cancer was calculated separately for each of the 7 cohorts,
both overall and stratified for younger patients with more formal
education to spotlight the digital divide (age <50 years; ≥10
years of school) and older patients with less formal education
(age ≥70 years; <10 years of school). To test for differences

over time, the Cochran-Armitage trend test was applied. In
addition, the share of the 4 groups that resulted when stratifying
for age and education among Internet users was analyzed. We
performed bivariate tests to examine associations between the
independent variables included in the model. We conducted
chi-square tests for associations between all categorical variables
(type of surgery, native language, years of schooling, insurance
status, living with a partner, gender, cancer stage). Spearman
rank correlation was used to examine the correlation between
age and the ordinal variable cancer stage. Also, t tests were
conducted to examine age differences for the different groups
in the dichotomous variables. The cross-year dataset was used
for these analyses.

Multilevel Models
Data from each survey cohort were analyzed separately and in
an overall model using multilevel analysis. This is the method
of choice when accounting for the nested structure of the data,
such as patients (level 1) in hospitals (level 2) [39]. Two-level
models without predictors were fitted to yield the intraclass
correlation coefficient (ICC) for the null model. The ICC
represents the proportion of the variance of the dependent
variable attributable to the hospital level. In a second step, all
patient characteristics were included. A number of patients
indicated they did not have access to the Internet in an earlier
question and did not respond to the dependent variable. To avoid
case deletion, cases that indicated they did not have access to
the Internet in the earlier question were coded as not having
used the Internet. Cases with missing data in the dependent
variable and missing data in this earlier question were excluded
from all analyses (n=1022). Patients with missing data in the
continuous age variable were excluded in the multilevel models
(n=243), leaving 26,226 patients for the multilevel analyses.
Missing data on all other independent variables were included
in the model as separate categories to avoid case deletion, and
omitted in the results tables. The ICCs of these models represent
the proportion of variance attributable to the hospital-level
characteristics after accounting for variation in the patient
characteristics, (ie, the different patient case mix). Because of
the small ICCs, no hospital-level characteristics were included
in the models. The overall model included a cohort variable to
account for the survey year. In addition, we included a gender
variable that we did not include in the year-by-year analyses
because of small strata. SPSS version 22.0 (IBM Corp, Armonk,
NY, USA) was used for descriptive analysis and MLWiN 2.25
(Centre for Multilevel Modelling, Bristol, UK) for multilevel
analysis. R 3.0.2 (R Project for Statistical Computing, Vienna,
Austria) was used to calculate the Cochran-Armitage trend test.

Results

Table 1 shows the percentage of breast cancer patients who
reported they used the Internet to obtain information about their
disease. There was a relatively steady, statistically significant
increase in this percentage over the 7-year study period (2007:

26.96%, 853/3164; 2013: 37.21%, 1485/3991; χ2
1=138.0,

P<.001). No relevant changes were found for the proportion of
younger, higher-educated patients who used the Internet

(χ2
1=0.4, P=.51). Proportions for this group remained relatively
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stable, between 60% and 70% throughout the study period. The
proportion of older patients with little formal education who
used Internet information increased significantly from 2007

(2.9%, 13/444) to 2013 (4.7%, 29/617; χ2
1=6.8, P=.009) but

remained below 6% for all cohorts. Among men, the overall
proportion was only 25.4% (32/126, not presented in a table).

Table 1. Patients reporting to have used the Internet to obtain information about breast cancer across the entire study period (2007-2013) and by younger,
higher-educated patients and older, less-educated patients.

Age ≥70 years;

<10 years of school

Age <50 years;

≥10 years of school

OverallYear

%n/N%n/N%n/N

2.913/44462.6283/45226.96853/31642007

2.714/51760.5331/54729.631093/36892008

3.320/61463.5355/55931.021196/38552009

5.230/57667.2407/60633.771272/37672010

3.926/66862.5397/63534.091343/39402011

5.637/66665.1413/63437.041505/40632012

4.729/61762.5401/64237.211485/39912013

To better understand which patient group contributed most to
the increase in Internet use, we compared the share in users for
4 different groups: (1) age ≥70 years, <10 years of school; (2)
age <50 years, <10 years of school; (3) age ≥70 years, ≥10 years

of school; and (4) age <50 years, ≥10 years of school (Table 2).
None of the 4 groups’ share of Internet users increased
substantially over time.

Table 2. Composition of Internet health information users.

Year, n/Nb (%)Patient subgroupa

2013201220112010200920082007

29/1464 (1.98)37/1498 (2.47)26/1333 (1.95)30/1268 (2.37)20/1181 (1.69)14/1074 (1.30)13/824 (1.6)Age ≥70 years;

<10 years of school

63/1464 (4.30)63/1498 (4.21)72/1333 (5.40)75/1268 (5.91)74/1181 (6.27)74/1074 (6.89)54/824 (6.6)Age <50 years;

<10 years of school

68/1464 (4.64)60/1498 (4.01)41/1333 (3.08)26/1268 (2.05)20/1181 (1.69)20/1074 (1.86)10/824 (1.2)Age ≥70 years;

≥10 years of school

401/1464 (27.39)413/1498
(27.57)

397/1333
(29.78)

407/1268
(32.10)

355/1181
(30.06)

331/1074
(30.82)

283/824
(34.3)

Age <50 years;

≥10 years of school

aPatients aged 50 to 69 years comprise the remaining portion of the sample.
bThe N’s presented represent only the patients with valid data for education and age.

Tables 3 to 5 present bivariate associations between the
independent variables in the sample. Most notably, partnership
and insurance status were significantly correlated with many
other study variables, such as type of surgery, native language,

stage, and education. Age differences were found for type of
surgery, native language, years of schooling, partnership status,
and gender. Spearman rho was .069 (P<.001) for the correlation
between stage (ordinal) and age (not presented in a table).
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Table 3. Bivariate associations between independent variables in the sample: dichotomous variables, percentages, and Pearson chi-squarea (N=27,491).

Living with partner, %
Private health insurance,c

%Years of school, %Native language, %Mastectomy, %Variable

Pχ2
1YesNoPχ2

1NoYesPχ2
1≥10<10Pχ2

1

Oth-
er

Ger-
manPχ2

1NobYes

Gender

.0067.671.928.10.122.075.424.60.430.748.451.60.083.55.494.6<.001285.973.426.6Female

82.717.370.129.944.655.49.290.86.393.7Male

Mastectomy

<.00166.133.90.00110.876.823.20.025.247.152.90.095.095.0Yes

155.474.026.074.825.248.751.33.05.594.5Nob

Native language

<.00126.071.728.3<.001179.874.525.5<.001121.847.652.4German

77.822.290.29.862.937.1Other

Years of school

<.00133.470.629.4<.0011883.886.313.7<10

73.826.262.937.1≥10

Private health insurance c

<.00158.775.624.4Yes

70.629.4No

aPairwise deletion used in the chi-square analysis, Fisher’s exact test.
bBreast-conserving treatment.
cYes: (partly) private health insurance; no: only statutory health insurance.
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Table 4. Bivariate associations between cancer stage and dichotomous independent variables in the sample: percentages and Pearson chi-squarea

(N=27,491).

Pχ2
4Cancer stage, n/N (%)Variable

Stage 4Stage 3Stage 2Stage 1Stage 0

<.0013078.1Mastectomy

496/806 (61.54)1541/2505 (61.52)2394/8029 (29.82)1264/9953 (12.70)426/1484 (28.71)Yes

310/806 (38.46)964/2505 (38.48)5635/8029 (70.18)8689/9953 (87.30)1058/1484 (71.29)Nob

7.2Native language

798/839 (95.11)2386/2529 (94.35)7624/8096 (94.17)9434/9930 (95.01)1405/1480 (94.93)German

41/839 (4.89)143/2529 (5.65)472/8096 (5.83)496/9930 (4.99)75/1480 (5.07)Other

<.00153.9Years of school

493/825 (59.76)1386/2480 (55.89)4145/7936 (52.23)5001/9878 (50.63)701/1473 (47.59)<10

332/825 (40.24)1094/2480 (44.11)3791/7936 (47.77)4877/9878 (49.37)772/1473 (52.41)≥10

<.00155.0

Private health insur-

ance c

158/834 (18.94)545/2481 (21.97)1828/7912 (23.10)2570/9712 (26.46)390/1458 (26.75)Yes

676/834 (81.06)1936/2481 (78.03)6084/7912 (76.90)7142/9712 (73.54)1068/1458 (73.25)No

<.00188.4Living with partner

261/830 (31.45)837/2515 (33.28)2374/8062 (29.45)2515/9947 (25.28)380/1478 (25.71)No

569/830 (68.55)1678/2515 (66.72)5688/8062 (70.55)7432/9947 (74.72)1098/1478 (74.29)Yes

<.00132.9Gender

10/861 (1.2)27/2580 (1.05)43/8252 (0.52)31/10,127 (0.31)4/1510 (0.26)Male

851/861 (98.8)2553/2580 (98.95)8209/8252 (99.48)10,096/10,127
(99.69)

1506/1510 (99.74)Female

aPairwise deletion used in the chi-square analysis.
bBreast-conserving treatment.
cYes: (partly) private health insurance; no: only statutory health insurance.
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Table 5. Bivariate associations between age and dichotomous independent variables in the sample (N=27,491).

Pt (df)Mean ageVariable

<.001Mastectomy

–14.96 (10,537.5)62.5Yes

59.7Noa

<.001Native language

–20.88 (1666.8)60.7German

54.6Other

<.001Years of school

–63.59 (25,574.3)64.5<10

55.8≥10

.587Private health insurance b

–0.54 (11,474.2)60.5Yes

60.4No

<.001Living with partner

–35.83 (11,961.4)64.6No

58.6Yes

<.001Gender

5.62 (27,216)66.2Male

60.4Female

aBreast-conserving treatment.
bYes: (partly) private health insurance; no: only statutory health insurance.

Results from the multilevel analyses are presented in Table 6
and Figure 1. Table 6 presents results for each single cohort and
Table 1 for the overall model (ie, an across-years analysis that
includes an additional year variable). Table 6 and Figure 1 reveal
associations between health-related Internet use and age and
education, with higher formal education (OR 2.09, 95% CI
1.96-2.23) and decreasing age (OR 0.93, 95% CI 0.92-0.93)
being significantly associated with higher Internet information
use in the overall model. In addition, patients who were privately
or partly privately insured (OR 1.49, 95% CI 1.39-1.60) or were
living with a partner (OR 1.44, 95% CI 1.35-1.55) were more
likely to use the Internet for breast cancer–related information.
Each of the cohorts yielded the same statistically significant
predictors of Internet use (except for stage in 2011 and partner

in 2013) with only slight differences in effect sizes. A foreign
native language vs German (OR 1.16, 95% CI 1.02-1.31) and
cancer stages 3 (OR 0.86, 95% CI 0.76-0.97) and 4 (OR 0.81,
95% CI 0.68-0.98) vs cancer stage 1 were found to be
statistically significantly associated with less Internet use in the
overall model only. Type of surgery (OR 1.01, 95% CI
0.94-1.09) and gender (OR 1.06, 95% CI 0.67-1.67) were not
associated with Internet use. ICCs of the dependent variable in
the null models were small (≤0.03) for all 7 cohorts, especially
after introducing patient level predictors, indicating small
differences between hospitals (2007: 0.03 after including patient
characteristics, 0.03 for the null model; 2008: 0.01, 0.03; 2009:
0.01, 0.02; 2010: 0.00, 0.01; 2011: 0.00, 0.01; 2012: 0.02, 0.03;
2013: 0.01, 0.03).
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Table 6. Logistic multilevel regression analyses on having used the Internet to obtain information about the breast cancer (N=26,226).

Year, OR (95% CI)Variable

2013

n=3969

2012

n=4053

2011

n=3920

2010

n=3760

2009

n=3816

2008

n=3630

2007

n=3078

Constant

21.04

(11.67-37.96)

13.70

(7.56-24.83)

11.62

(6.33-21.35)

15.37

(8.15-28.98)

24.00

(12.35-46.68)

23.82

(11.98-47.35)

15.27

(7.20-32.41)

Age (years)

0.93

(0.93-0.94)

0.94

(0.93-0.94)

0.93

(0.93-0.94)

0.93

(0.92-0.94)

0.93

(0.92-0.93)

0.92

(0.91-0.93)

0.92

(0.91-0.93)

Stage (ref: stage 1)

1.10

(0.81-1.51)

1.06

(0.78-1.45)

1.36

(0.97-1.92)

0.95

(0.64-1.41)

1.37

(0.97-1.94)

1.04

(0.74-1.45)

0.94

(0.61-1.43)

Stage 0

0.95

(0.79-1.44)

0.86

(0.71-1.03)

0.94

(0.78-1.13)

1.07

(0.88-1.30)

0.95

(0.78-1.16)

0.94

(0.77-1.15)

1.15

(0.91-1.44)

Stage 2

0.80

(0.59-1.08)

0.85

(0.63-1.14)

0.97

(0.72-1.31)

0.82

(0.60-1.12)

0.81

(0.59-1.12)

0.78

(0.57-1.07)

0.90

(0.63-1.27)

Stage 3

0.73

(0.46-1.15)

0.67

(0.39-1.13)

0.60

(0.37-0.97)

1.02

(0.66-1.58)

1.19

(0.72-1.97)

0.64

(0.37-1.13)

1.60

(0.89-2.86)

Stage 4

Type of surgery

1.00

(0.83-1.21)

0.98

(0.82-1.18)

0.93

(0.77-1.13)

1.05

(0.86-1.28)

0.96

(0.79-1.17)

1.20

(0.97-1.48)

0.90

(0.72-1.12)

Breast conserving
(vs mastectomy)

Native language

0.91

(0.69-1.21)

1.02

(0.76-1.37)

1.34

(0.98-1.83)

1.30

(0.93-1.81)

1.02

(0.71-1.45)

0.96

(0.67-1.38)

1.32

(0.87-2.02)

German (vs other)

Years of schooling

2.20

(1.86-2.59)

2.02

(1.71-2.38)

1.99

(1.68-2.35)

1.84

(1.55-2.17)

2.13

(1.79-2.53)

1.92

(1.60-2.30)

2.40

(1.96-2.95)

≥10 (vs <10)

Insurance status

1.48

(1.25-1.76)

1.28

(1.07-1.53)

1.37

(1.14-1.65)

1.84

(1.53-2.21)

1.31

(1.07-1.58)

1.83

(1.50-2.22)

1.31

(1.06-1.62)

(Partly) private (vs
statutory)

Living with a partner

1.13

(0.96-1.34)

1.52

(1.27-1.81)

1.47

(1.23-1.77)

1.31

(1.09-1.57)

1.38

(1.14-1.68)

1.44

(1.18-1.76)

1.50

(1.19-1.88)

Yes (vs no)
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Figure 1. Logistic multilevel regression analysis on having used the Internet to obtain information about the disease for the overall model cohorts from
2007-2013 (N=26,226).

Discussion

Findings of this study expand the discussion about the role of
computer technology to facilitate proactive illness management
for breast cancer patients. Patients diagnosed with breast cancer
have creatively used the Web to meet the challenges of their
illness. It has been argued that these patients face substantial
barriers as they try to make sense of their illness in a fragmented
and limited information environment [40].

Our findings confirm expectations that the use of the Internet
for seeking health information is on the rise among breast cancer
patients. As hypothesized, being younger and having a higher
level of education increased the likelihood that a patient would
search the Internet for information about their disease.
Two-thirds of patients younger than 50 years and with more
than 10 years of schooling used the Internet, whereas less than
6% of those older than 70 years and with less than 10 years of
schooling did so in all 7 cohorts, with only small changes over
time. In addition, living with a partner and having private
insurance was positively associated with Internet information
use. Only small variation in the dependent variable was found
between hospitals and over time. This indicates that there is no
systematic impact of the treating institution on the patients’
decision to use Internet information. In aggregate, these data
indicate that personal demographic factors play a much greater
role in shaping proactive involvement in searching for health

information than do situational aspects of the health care
environment.

We were able to show a small association for cancer stage and
Internet use only in the overall model, pointing to a more limited
role of illness characteristics among personal determinants of
Internet use [30]. Studies with population-based samples often
found that individuals who reported impaired health or chronic
conditions used the Internet more frequently (eg, [41,42]). Our
sample consisted of individuals who suffered from an acute and
life-threatening disease; therefore, they were relatively
homogenous with regard to the health status.

A substantial digital divide was found in our study with respect
to age and formal education and it did not clearly decrease over
time. This finding is inconsistent with suggestions in the
literature that the digital divide may be disappearing [43]. Given
that partnership status of the patients in our study contributed
to Internet use, it is apparent that some patient groups are
systematically excluded from one of the most common
contemporary sources of information. This raises concerns about
alternative methods for meeting pressing information needs of
patients encountering a diagnosis that poses great uncertainty.
Furthermore, these patients have little access to interventions
and practical tools involving computers or advanced electronic
devices, such as smartphones or tablet computers [44].
Discovering how these patient groups can be adequately

J Med Internet Res 2014 | vol. 16 | iss. 8 | e195 | p.80http://www.jmir.org/2014/8/e195/
(page number not for citation purposes)

Kowalski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


approached is a central task for future health communication
efforts.

Privately insured patients used the Internet to search for
information on breast cancer significantly more often than their
counterparts. This finding is consistent with prior research [45]
and is most likely due to the higher socioeconomic status of
privately insured patients. This is not fully captured by the
education variable in the models. A population-based survey
from the United States showed that people living in rural areas
used the Internet less than their urban counterparts did both in
general and for health-specific purposes. This difference is
mainly due to the differences in socioeconomic status and
accessibility of broadband [46]. This not only jeopardizes aims
of equal access to health information, but might also lead to
worse quality of care and a confounding factor when comparing
providers. Our data do not suggest that such an effect exists in
our specific sample, since differences between hospitals (which
controls for rural/urban differences to some extent) were small.

Patients who were not native speakers of German were found
to use the Internet less often only in the overall model. However,
it must be considered that patients with difficulties
understanding German are likely to be underrepresented in this
sample because the questionnaire was administered in German.
This is relevant to interpreting bivariate associations with the
native language variable. However, statistically adjusting for
this would require more knowledge about nonrespondents with
a native language other than German. Research has shown that
the degree to which a person is comfortable speaking a language
other than his or her own affects both use of and trust in health
information sources [47]. This does not contradict the previously
tested diversification hypothesis in which minority status, not
native language, proven to shape health-relevant Internet use
[48]. The finding of lesser Internet use in nonnative speakers
as well as the strong decrease of Internet information use with
decreasing formal education also reflects inaccessibility of
Internet based health information to patients with low health
literacy. Much of the information that is accessible online
exceeds the reading level that is recommended for general use
by information-seeking patients [49,50].

It has been reported that the prevalence of seeking health
information on the Internet is higher in women compared to
men [51]. In our sample, we found no gender differences when
taking other patient characteristics into account. Because male
breast cancer patients tend to have difficulties accessing
important information through traditional channels [52,53], it
is somewhat surprising that they do not use the Internet more
than female patients.

Online information can be a central resource for the elderly who
may have difficulty in accessing health information because
they are homebound and/or have little social support [54]. This
requires a careful investigation of what might help increase the
number of older adult Internet users. Some attention has been
given to factors that contribute to the lower rates of Internet
information use among the older population besides physical

impairment, less access, and less familiarity. For example, older
adults may distrust the information provided online [55]. Select,
expert-guided, quality assured information that is recommended
by health care providers might be a key to reaching this skeptical
patient subgroup. Additionally, older adults may benefit from
training and from availability of more senior-friendly design.
This strategy has long been advocated [56].

The third group that needs to be focused on is the part of the
population with low formal education and limited health literacy
to avoid the reinforcement of existing social differences [57,58].
The more information that is available online, the more
important it is to also provide them through other sources of
communication for those who do not have access to the Internet
or are not Internet savvy.

A number of limitations of our study need to be mentioned. The
study sample is a highly specific subsample of the general
population and this limits generalizability of findings. Another
limitation is the general nature of the Internet usage measure
that does not specify types of information that was actually
accessed and how this relates to patient preferences [59]. As
each cohort was surveyed only once in our study, we cannot
establish whether seeking Internet information is a result of the
experience within the hospital or independent of it. Further
research is required to investigate the temporal order [18,60].
However, the small ICCs hint at little impact of the institutional
context. Also, comparing proportions of patients using the
Internet to obtain disease-specific information with results from
other studies should be done with caution. Patients in this study
responded to the survey shortly after discharge from the hospital
and it is possible that some patients consulted the Internet later
on. We were able to detect significant associations between
Internet use and native language as well as cancer stage only in
the overall model with the higher statistical power as compared
to the year-by-year analyses.

Despite its limitations, the present study is ground breaking in
providing a detailed description of Internet information use in
7 consecutive cohorts of seriously ill patients from a specific
set of hospitals that allows for the analysis of change over time.
This is also a first effort to consider whether Internet use is
linked to differences between the health care organizations.

Women diagnosed with breast cancer have wide-ranging
information needs. In a study of Internet savvy younger women
(younger than 45 years) diagnosed with breast cancer, results
suggested that these patients searched for information to help
them make good treatment decisions, to learn about their future
care and prospects, and to pursue social support [61]. These
goals are congruent with principles of patient empowerment
and involvement in health care decision making.

This study also has implications for practice that has not yet
fully harnessed the healing and empowerment potential of
technology for the benefit of persons living with life-threatening
illnesses. Access to the information on the Internet has been
shown to enhance health-promoting behaviors [62,63].
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Abstract

Background: In traditional epidemiological studies, participants are likely motivated by perceived benefits, feelings of
accomplishment, and belonging. No study has explored motives for participation in a Web-based cohort and the associated
participant characteristics, although such information is useful for enhancing recruitment and improving cohort retention.

Objective: We aimed to evaluate the relationships between motives for participation and sociodemographic, health, and lifestyle
characteristics of participants in the NutriNet-Santé Web-based cohort, designed to identify nutritional risk or protective factors
for chronic diseases.

Methods: The motives for participation were assessed using a specifically developed questionnaire administered approximately
2 years after baseline. A total of 6352 completed the motives questionnaire (43.34%, 6352/15,000 randomly invited cohort
participants). We studied the associations between motives (dependent variables) and individual characteristics with multivariate
multinomial logistic regression models providing odds ratios and 95% confidence intervals.

Results: In total, 46.45% (2951/6352) of participants reported that they would not have enrolled if the study had not been
conducted on the Internet, whereas 28.75% (1826/6352) were not sure. Men (OR 1.21, 95% CI 1.04-1.42), individuals aged 26-35
years (OR 1.51, 95% CI 1.20-1.91), and obese participants (OR 1.30, 95% CI 1.02-1.65) were more inclined to be motivated by
the Internet aspect. Compared with younger adults and managerial staff, individuals >55 years (OR 0.60, 95% CI 0.48-0.45) and
employees/manual workers were less likely motivated by the Internet aspect (OR 0.77, 95% CI 0.63-0.92). Regarding reasons
for participation, 61.37% (3898/6352) reported participating to help advance public health research on chronic disease prevention;
22.24% (1413/6352) to help advance nutrition-focused research; 6.89% (438/6352) in response to the call from the media, after
being encouraged by a close friend/associate, or a medical provider. Individuals >45 years (vs younger participants) were more
likely (OR 1.62, 95% CI 1.07-2.47), whereas overweight and obese participants (vs nonobese participants) were less likely to
participate in the study for reasons related to helping public health research on chronic disease prevention (OR 0.72, 95% CI
0.58-0.89; OR 0.62, 95% CI 0.46-0.84; respectively). Exclusive public funding of the study was important for 67.02% (4257/6352)
of the participants. Men (OR 1.37, 95% CI 1.17-1.61) and persons >55 years (OR 1.97, 95% CI 1.57-2.47) were more likely to
consider the exclusive public funding as very important.

Conclusions: The use of the Internet, the willingness to help advance public health research, and the study being publicly funded
were key motives for participating in the Web-based NutriNet-Santé cohort. These motives differed by sociodemographic profile
and obesity, yet were not associated with lifestyle or health status. These findings can help improve the retention strategies in
Web-based cohorts, particularly during decisive study periods when principal exposure information is collected.
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Introduction

The successful implementation of very large population-based
cohort studies involving collection of comprehensive,
high-quality dietary, lifestyle, and health data is both a priority
and a challenge in nutritional epidemiology [1,2]. Such
observational studies face very high logistic costs and require
substantial resources. The rapid and widespread increase in
access to Internet has made this tool a viable and logical base
for cohort studies because it presents advantages across all
research stages [3,4]. In most industrialized countries, Internet
access is greater than 50% and is still increasing [5]. In Europe,
Internet users are becoming more representative of the general
population, including older adults (42% of individuals older
than 55 years are regular users) and people of low
socioeconomic status (73% of individuals belonging to low
socioprofessional categories are regular users) [6]. In France,
in November 2009, 34.7 million French citizens (approximately
65 % of the population older than 11 years) were connected to
the Internet during the previous month [7].

Yet Web-based prospective cohort studies are still in their
infancy [8]. Whereas issues related to participation are crucial
in epidemiological studies [9], participation in both Web-based
cohorts and repeated-measures cross-sectional studies, and
associated sociodemographic profiles have been rarely
investigated [8,10-22]. A few studies have compared the
sociodemographic and lifestyle characteristics of participants
who used Web-based questionnaires with paper-and-pencil
respondents [8,14]. The Black Women’s Health Study showed
that Web-based questionnaire users were younger and had higher
socioeconomic status than paper-and-pencil users, but no
difference was observed in terms of lifestyle or health status
[14]. These authors underlined the fact that low socioeconomic
status and older age, which are markers of Web access, remain
barriers to the use of Web-based questionnaires. In turn, the
Millennium cohort study with military personnel has highlighted
that Web responders were more likely to be male, younger,
highly educated, obese, and smokers than were paper-and-pencil
responders [8]. The results regarding sex, age, and educational
level seem to be due to greater technological competence in
these groups and greater access to the Internet, whereas findings
on weight status and smoking may reflect subtle occupational
differences, such as being employed in a sedentary work
environment or an unhealthier lifestyle outside of work. Also,
the ATTEMPT cohort has shown that participants had similar
sociodemographic and lifestyle profiles to those found in the
general population [16], whereas NINFEA cohort participation,
regarding Italian pregnant women, was associated with being
older, having a higher educational level, and being native Italian
compared to the general population, probably due to
population-specific occurrence [13]. In Web-based intervention
studies with repeated measurements, women, older participants,
nonsmokers, heavy alcohol consumers, and overweight

participants were more likely to remain enrolled in
Internet-delivered behavior change programs [17-22].

Voluntariness refers to the voluntary motivational nature of a
person’s participation from the initial decision to participate
through the course of the study, and is influenced by external
and internal factors [23]. In traditional epidemiological studies,
participants are motivated by the benefits they perceive,
particularly the information and care received during the medical
examinations, the positive feelings about oneself or an enhanced
self-image generated by the act of participation, and the sense
of loyalty and belonging associated with being part of the study
[24-28]. To our knowledge, no study has explored motives for
participation in a Web-based cohort and the associated
participant characteristics, particularly during key periods of
collection of exposure data. Such information would be useful
in enhancing the recruitment of diverse population samples and
in improving cohort retention.

The NutriNet-Santé study was launched in May 2009 in France
to investigate multiple facets of the relationship between
nutrition and health along with determinants of dietary behavior
[29]. This is a large, Web-based, prospective, nutritional
epidemiology cohort. To date, 156,734 volunteers aged >18
years have been included in the cohort. Participants are followed
via a website specifically created for that purpose. The objective
of the present study was to assess motives for participation in
the NutriNet-Santé cohort after 2 years of participation, such
as reasons for participation, the influence of the Internet support
in participation, and the importance of public funding. We also
explored sociodemographic, lifestyle, and heath characteristics
associated with those motives.

Methods

Population
Participants were part of the NutriNet-Santé Study, a large
Web-based prospective observational cohort. It is implemented
in a general population targeting Internet-using adult volunteers
aged 18 years and older. The design, methods, and rationale
have been described elsewhere [29]. Eligible participants were
recruited by different means. Initially, a vast multimedia
campaign (television, radio, national and regional newspapers,
posters, and Internet) called for volunteers and provided details
about the study’s website [12]. The multimedia campaigns are
repeated every 6 months. Recruitment information was
maintained on a large number of websites (national institutions,
city councils, private firms, Web organizations) and is regularly
updated via professional channels (eg, doctors, pharmacists,
dentists, business partners, municipalities). The key message
delivered in the call for volunteers was:

Numerous scientific studies have highlighted the role
of nutrition as a protective factor or a risk of many
common diseases in France, as in all industrialized
countries, such as cancer, cardiovascular diseases,
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obesity, type 2 diabetes, dyslipidemia, and
hypertension. Nutrition is not the only determinant
of these health problems. Indeed, genetic, biological,
and environmental factors are involved in the onset
of these diseases. To highlight the specific role of
nutritional factors in health, the development of
cohort studies with very large populations (group of
participants followed for several years) is essential
as they permit to accurately measure food intake, but
also take into account other determinants, such as
physical activity, weight, smoking, and family history
of disease. The purpose of our study is to identify
nutritional risk factors or protective factors for these
diseases, which is an essential step in establishing
dietary recommendations to prevent the risk of disease
and improve the health of the current and future
generations. This is the ambitious goal of the
NutriNet-Santé study and that is why researchers
need you.

During each multimedia recruitment campaign and during the
enrollment process, participants are informed that follow-up
over at least 10 years is planned.

Previous findings showed that most of the participants enrolled
after hearing about the study on television because this medium
entails the widest reach [12]. In particular, television
announcements permitted the recruitment of members of
population subgroups that are not typically well represented in
population-based epidemiological research, those belonging to
lower socioeconomic strata. The radio, newspapers, Internet,
and advice from acquaintances also proved to be substantial
means of disseminating information about this epidemiological
study to encourage participation.

To be included, participants have to fill in on the website an
initial set of questionnaires assessing dietary intake, physical
activity, anthropometrics, lifestyle, and socioeconomic
conditions along with health status. Participants were informed
by email that, after inclusion, they would be asked to complete
the same questionnaires each year as part of their follow-up. In
addition, they are invited to fill in a complementary
questionnaire each month. Aspects related to convenience of
participation (ie, ≤20 min each month) and confidentiality were
also emphasized. In addition, a system of boosting motivation
and retention was implemented. In order to forge a sense of
community that helps advance research, participants receive a
NutriNet-Santé membership card at inclusion and a certificate
on completion of each follow-up year/wave. They also receive
monthly email with scientific information regarding health and
nutrition, and invitations to press conferences about the study
results. For purposes of retention, free screening tests for
cholesterol, triglycerides, and diabetes are offered to participants
(the results are sent back with a special notice in case of
abnormal test results).

All baseline questionnaires were first pilot-tested and compared
with traditional administration methods (paper-and-pencil
versions or interviews by a dietitian) [30-32]. Health events are
monitored through questionnaires about hospitalizations and
medication use as well as via a linkage with the national vital

statistics database. In April 2011, 15,000 randomly selected
participants among 86,652 individuals included at the time of
the study were invited to complete a Web-based questionnaire
regarding their motives for participation in the study.

This study was conducted according to guidelines laid down in
the Declaration of Helsinki, and all procedures were approved
by the Institutional Review Board of the French Institute for
Health and Medical Research (IRB Inserm no:
0000388FWA00005831) and the Commission Nationale
Informatique et Libertés (CNIL no: 908450 and no: 909216).
Written electronic informed consent to participate in the study
was obtained from all participants.

Data Collection

Motives for Participation
Participants were asked, “Would you have participated in the
NutriNet-Santé study if it were not Internet-based?” (response
options: yes, no, I don’t know). We also asked the participants,
“What was your main reason for participating in the
NutriNet-Santé study?” The response options for the different
motives were classified into 2 general categories: (1) intrinsic
motives for participation, including, to help advance public
health research on chronic disease prevention, to help advance
nutrition research, to receive regular scientific information about
health and nutrition, out of curiosity, to belong to a group, or
other motives and (2) extrinsic motives, including in response
to the call from the media, from a close friend/associate, or from
a medical provider. Finally, we asked participants, “Is the fact
that the study is exclusively funded by public sources important
for your participation?” (response options: very important,
important, not very important, not important).

Assessment of Individual Characteristics
At baseline, sociodemographic, lifestyle, and health
characteristics were self-reported. Participants indicated their
alcohol consumption frequency and quantity over the previous
7 days. Alcohol intake was calculated by multiplying the alcohol
content (ie, percentage) of each beverage (wine, beer, spirits,
and cider) by the standard ethanol weight content. Body mass
index (BMI) was assessed using self-reported height and weight.
Status regarding type 2 diabetes, hypertension, and
hypercholesterolemia was provided by participants by answering
the following question: “Have you been or are you currently
being treated for type 2 diabetes / hypertension /
hypercholesterolemia?” If the participant answered yes, he/she
completed the information by self-reporting the year of diagnosis
and current use of medication.

Statistical Analysis
The present analyses focused on data from a random sample of
participants in the NutriNet-Santé cohort who had completed
the questionnaire assessing their participation motives and who
had no missing sociodemographic, lifestyle, anthropometric, or
health status data. These characteristics were compared between
participants included in our analysis and those who had stopped
participating within 6 months after their enrollment (calculated
from the date of the last connection on the website), using a
chi-square goodness-of-fit test. The possible reasons for
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participation were grouped into the following 4 categories: (1)
to help advance public health research on chronic disease
prevention, (2) to help advance nutrition research, (3) in
response to the call from the media, from a close friend/associate
or from a medical provider, and (4) other motives (ie, to receive
regular scientific information about health and nutrition, out of
curiosity, to belong to a group, and other). Perceptions/attitudes
toward the public funding of the study were categorized into 3
groups: very important, important, and not important.

According to French recommendations [33], male drinkers were
categorized as abstainers and irregular consumers (<once a
week), moderate (0-30 g alcohol/day), or heavy drinkers (>30
g alcohol/day), and females as nondrinkers (0 g alcohol/day),
moderate (0-20 g alcohol/day), or heavy drinkers (>20 g
alcohol/day). Normal weight, overweight, and obesity were
defined according to the World Health Organization

classification for BMI, as BMI <25 kg/m2, 25≤ BMI <30 kg/m2,

and BMI ≥30 kg/m2, respectively [34]. Gender, age (≤25, 26-35,
36-45, 46-55, and >55 years), marital status (married or living
with a partner, single/divorced/widowed), having at least 1 child
at home, education (elementary school, secondary, college
graduate, and advanced degree), occupational category
(managerial staff, farmers/self-employed, intermediate
profession, employees/manual workers, and
never-employed/homemaker), type of area of residence (rural,
semiurban <20,000 inhabitants, urban 20,000-100,000
inhabitants, urban ≥100,000 inhabitants, Paris metropolitan
area), smoking status (never smoker, former smoker, current
smoker), alcohol consumption, BMI, self-reported type 2
diabetes, hypertension, and hypercholesterolemia are presented
in a frequency/percent format for the whole sample. Multivariate
associations between the individual characteristics and the
motives for participation (participation motive related to the
advantages of the Internet, reasons for participation, and
attitudes about public funding) were assessed using multinomial
logistic regression. Reference category used in the analysis of
the associations between participation motive related to the
advantages of the Internet and individual characteristics was
yes. For the analysis regarding reasons for participation, the
reference category was other motives, and for those concerning
attitudes about public funding the reference was not important.
In each multivariate model, the explanatory variables were

adjusted for each other. Odds ratios (OR) and 95% confidence
intervals (CI) are reported. Significance tests were 2-sided with
a P value set at <.05. A more conservative P value of.01 was
also used for estimating the robustness of the results. Statistical
analyses were performed using SAS software version 9.3 (SAS
Institute Inc, Cary, NC, USA).

Results

A total of 6556 of 15,000 persons completed the motives
questionnaire (ie, 43.71% of the randomly invited cohort
participants). We excluded 61 individuals with missing data
regarding the socioeconomic characteristics, 135 participants
with missing data regarding weight or height, and 11 participants
with missing data regarding alcohol consumption; therefore,
data from 6352 participants was available for analysis. At the
time of the administration of the questionnaire about motives,
the mean duration of participation in the cohort for the
participants included in this analysis was 20 months (SD 4.00)
and the median was 23 months (range 1-24). Characteristics of
the sample are presented in Table 1.

Compared with nonrespondents (among the 15,000 contacted
participants), the percentages of individuals older than 55 years
and of managerial staff were higher among participants included
in this analysis, whereas the percentage of individuals with at
least 1 child at home was lower (data not shown). Compared
with participants who stopped participating within 6 months
after their inclusion in the cohort (mean duration of participation:
3 weeks after inclusion, SD 1 week), the percentages of
individuals older than 45 years, of married persons, managerial
staff, persons with high educational level, individuals who
reported hypertension, and those who reported
hypercholesterolemia were higher among participants included
in this analysis, whereas the percentages of individuals with at
least 1 child at home, manual workers/employees, infrequent
alcohol consumers, smokers, and obese individuals were lower
(Table 1).

Among participants, 46.45% (2951/6352) reported that they
would not have enrolled had the study not been conducted on
the Internet, whereas 28.75% (1826/6352) were not sure (Table
2).
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Table 1. Characteristics of the sample.a

Drop-out,b n (%)

n=9982

Present sample, n (%)

n=6352Individual characteristics

Gender

7584 (75.98)4821 (75.90)Female

2398 (24.02)1531 (24.10)Male

Age (years)

1482 (14.85)480 (7.56)18-25

2630 (26.35)1133 (17.84)26-35

2276 (22.80)1211 (19.06)36-45

1843 (18.46)1344 (21.16)46-55

1750 (17.542184 (34.38)>55

Marital status

6739 (67.51)4680 (73.68)Married or living with a partner

3243 (32.49)1672 (26.32)Single, divorced, widowed

Have at least 1 child at home

3946 (39.53)1976 (31.11)Yes

6036 (60.47)4376 (68.89)No

Educational level

2414 (24.18)2031 (31.98)Advanced/graduate degree

2856 (28.61)1868 (29.41)College graduate

4261 (42.69)2233 (35.15)Secondary

451 (4.52)220 (3.46)Elementary school

Occupational category

2437 (24.41)2215 (34.87)Managerial staff

424 (4.25)198 (3.12)Self-employed, farmer

2101 (21.05)1673 (26.34)Intermediate profession

4389 (43.97)1959 (30.84)Employee, manual worker

631 (6.32)307 (4.83)Never-employed/homemaker

Area of residence

2014 (20.18)1393 (21.98)Rural

1445 (14.48)997 (15.71)Semiurban, population <20,000

1243 (12.45)784 (12.39)Urban, population between 20,000-100,000

3408 (34.14)2118 (33.23)Urban, population ≥100,000

1872 (18.75)1060 (16.69)Urban, Paris

Alcohol consumption

2920 (29.25)1635 (25.74)Abstainers and infrequent consumers (<once a week)

6308 (63.19)4192 (65.99)Moderate consumption (≤20 g/day for women and ≤30 g/day for
men)

754 (7.55)525 (8.27)Heavy consumption (>20 g/day for women and >30 g/day for
men)

Smoking status

4374 (43.82)3195 (50.30)Never smoker

2858 (28.63)2200 (34.63)Former smoker
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Drop-out,b n (%)

n=9982

Present sample, n (%)

n=6352Individual characteristics

2750 (27.55)957 (15.07)Current smoker

Weight status (BMI)

6461 (64.73)4410 (69.43)Normal (<25 kg/m2)

2262 (22.66)1382 (21.76)Overweight (≥25 kg/m2-30 kg/m2>)

1259 (12.61)560 (8.82)Obese (≥30 kg/m2)

206 (2.06)157 (2.47)Self-reported type 2 diabetes (yes)

982 (9.84)876 (13.79)Self-reported hypertension (yes)

678 (6.79)755 (11.89)Self-reported hypercholesterolemia (yes)

aAll P values were <.05.
bIndividuals who stopped participating within 6 months after their inclusion in the cohort.

Table 2. Motives for participation in the NutriNet-Santé cohort study (N=6352).

n (%)Motives for participation

What was your main reason to participate in the study?

1413 (22.24)To help advance nutrition research

3898 (61.37)To help advance public health research on chronic disease prevention

438 (6.89)In response to the call for volunteers (from media, a friend/associate or a medical provider)

603 (9.50)Othera

Would you have participated in the study if it were not Internet-based?

1575 (24.80)Yes

2951 (46.45)No

1826 (28.75)Don’t know

Is the fact that the study is exclusively funded by public sources important for your participation?

2185 (34.40)Very important

2072 (32.62)Important

2095 (32.98)Not important

aOther category includes participation to receive regular scientific information about health and nutrition, out of curiosity, to belong to a group, and
other.

Compared to women, men were more inclined to be motivated
by the Internet aspect (Table 3). Individuals aged between 26
and 35 years, those without children at home and obese persons
also displayed increased motivation associated with the Internet
aspect. Individuals older than 55 years, employees/manual
workers, and those in intermediate professions were less likely

to be motivated by the Internet aspect compared to younger
adults and managerial staff (Table 3). Results regarding
occupational categories and having at least 1 child at home did
not remain significant when the more conservative P value of.01
was used.
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Table 3. Sociodemographic, lifestyle, and health characteristics associated with motives for participation in the study had it not been Internet-based
(multivariate analysis, N=6352)

I don’t knowaNo, I would not have enrolledaIndividual characteristics

95% CIOR95% CIOR

Gender

1.001.00Female

0.80-1.140.961.04-1.431.22Male

Age (years)

0.82-1.731.190.86-1.701.2118-25

1.08-1.791.391.20-1.911.5126-35

1.001.0036-45

0.68-1.070.860.74-1.110.9046-55

0.59-0.960.760.49- 0.760.61>55

Marital status

1.001.00Married or living with a partner

0.85-1.181.000.83-1.130.97Single, divorced, widowed

Have at least 1 child at home

1.001.00Yes

1.02-1.471.221.04-1.461.23No

Educational level

1.001.00Advanced/graduate degree

0.81-1.190.980.92-1.311.10College graduate

0.82-1.241.000.91-1.331.10Secondary

0.92-2.071.380.80-1.741.18Elementary school

Occupational category

1.001.00Managerial staff

0.75-1.751.140.74-1.601.09Self-employed, farmer

0.85-1.261.040.67-0.960.80Intermediate profession

0.72-1.100.890.63-0.930.77Employee, manual worker

0.78-1.871.210.69-1.551.03Never-employed/homemaker

Area of residence

1.001.00Rural

0.85-1.341.070.83-1.231.01Semiurban population <20,000

0.67-1.080.850.65-1.010.81Urban, population between 20,000-100,000

0.81-1.180.980.77-1.080.91Urban, population ≥100,000

0.82-1.291.030.81-1.231.00Urban, Paris

Alcohol consumption

1.00Abstainers and infrequent consumers (<once a week)

1.02-1.401.201.02-1.371.18Moderate consumption (≤ 20 g/day for women and ≤30 g/day for
men)

0.74-1.310.980.92-1.531.19Heavy consumption (>20 g/day for women and >30 g/day for men)

Smoking status

1.001.00Never smoker

0.86-1.181.010.84-1.120.97Former smoker
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I don’t knowaNo, I would not have enrolledaIndividual characteristics

95% CIOR95% CIOR

0.82-1.241.010.78-1.130.94Current smoker

Weight status (BMI)

1.001.00Normal (<25 kg/m2)

0.92-1.301.090.91-1.251.07Overweight (≥25 kg/m2-30 kg/m2>)

1.11-1.861.441.04-1.651.32Obese (≥30 kg/m2)

0.44-1.100.700.61-1.340.90Self-reported type 2 diabetes (yes)

0.74-1.140.920.87-1.281,06Self-reported hypertension (yes)

0.83-1.301.040.86-1.281.05Self-reported hypercholesterolemia (yes)

aThe question was “Would you have participated in the study if it were not Internet-based?” Reference category for the outcome variable was “Yes, I
would still participate even if the study was not Internet-based.”

Regarding reasons for participation, 61.37% (3898/6352)
reported participating to help advance public health research
on chronic disease prevention; 22.24% (1413/6352) to help
advance nutrition-focused research; 6.89% (438/6352) in
response to a call from the media, a close friend/relative, or a
medical professional; and 9.50% (603/6352) for other reasons
(Table 2). Unlike younger participants, individuals older than
45 years were more likely to participate to help advance public
health research on chronic disease prevention and to help
advance nutrition research (Table 4). Overweight or obese
persons were less inclined to participate for these reasons
compared with individuals with normal weight. Single, divorced,
or widowed individuals were less likely to participate for reasons
of helping nutrition research or in response to the call from the
media, a close friend/relative, or a medical professional than
were individuals living with a partner. Finally,
never-employed/homemakers were less likely to participate to

help advance public health research on chronic disease
prevention than were managerial staff.

Exclusive public funding for the study was important for
two-thirds of the participants. Among them, half (2185/6352,
34.40%) considered it as very important (Table 2). Compared
to women and to individuals aged between 36 and 45 years,
men and persons older than 45 years were more likely to
consider the exclusive public funding as very important or
important, whereas younger participants were less likely to find
it very important or important (Table 5). Compared to persons
with the highest educational level, managerial staff and those
with at least 1 child at home, individuals with less formal
education, self-employed/farmers, employees/manual workers,
or those without children at home were less likely to consider
the exclusive public funding as very important or important.
Results regarding having at least 1 child at home did not remain
significant when the more conservative P value of .01 was used.
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Table 4. Sociodemographic, lifestyle, and health characteristics associated with reasons for participation in the study (multivariate analysis, N=6352).

In response to the call (from
the media, a friend/associate

or a medical provider)a
To help advance nutrition re-

searcha

To help advance public re-
search on chronic disease

preventionaIndividual characteristics

95% CIOR95% CIOR95% CIOR

Gender

1.001.001.00Female

0.70-1.320.960.67-1.090.860.82-1.271.02Male

Age (years)

1.001.001.0018-25

0.59-1.891.050.91-2.251.430.72-1.611.0826-35

0.53-1.871.000.96-2.511.550.85-2.011.3136-45

0.81-2.691.481.09-2.791.741.07-2.481.6346-55

0.73-2.411.330.90-2.291.431.07-2.461.62> 55

Marital status

1.001.001.00Married or living with a partner

0.51-0.940.690.63-0.990.790.67-1.010.82Single, divorced, widowed

Have at least 1 child at home

1.001.001.00Yes

0.78-1.491.080.70-1.150.90.82-1.291.02No

Educational level

1.001.001.00Advanced/graduate degree

0.82-1.661.170.90-1.521.170.79-1.281.01College graduate

0.82-1.781.210.72-1.310.970.86-1.471.13Secondary

0.59-2.721.260.34-1.290.660.80-2.401.39Elementary school

Occupational category

1.001.001.00Managerial staff

0.99-5.002.230.75-3.041.510.79-2.891.51Self-employed, farmer

0.71-1.481.020.68-1.180.890.75-1.250.97Intermediate profession

0.78-1.671.140.56-1.000.750.65-1.100.85Employee, manual worker

0.49-1.960.980.46-1.310.770.35-0.910.56Never-employed/homemaker

Area of residence

1.001.001.00Rural

0.68-1.561.030.83-1.601.150.95-1.721.28Semiurban, population <20,000

0.66-1.561.010.73-1.441.030.73-1.340.99Urban, population between 20,000-100,000

0.65-1.280.910.73-1.230.950.76-1.210.96Urban, population ≥100,000

0.74-1.701.120.77-1.481.070.95-1.721.28Urban, Paris

Alcohol consumption

1.001.001.00Abstainers and infrequent consumers (<once a
week)

0.60-1.080.800.66-1.060.840.68-1.030.84Moderate consumption (≤20 g/day for women and
≤30 g/day for men)

0.48-1.340.800.56-1.260.840.59-1.220.85Heavy consumption (>20 g/day for women and
>30 g/day for men)

Smoking status
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In response to the call (from
the media, a friend/associate

or a medical provider)a
To help advance nutrition re-

searcha

To help advance public re-
search on chronic disease

preventionaIndividual characteristics

95% CIOR95% CIOR95% CIOR

1.001.001.00Never smoker

0.62-1.110.830.66-1.040.830.72-1.080.88Former smoker

0.71-1.471.020.72-1.270.960.71-1.180.91Current smoker

Weight status (BMI)

1.001.001.00Normal (<25 kg/m2)

0.69-1.280.940.57-0.920.720.58-0.890.72Overweight (≥25 kg/m2-30 kg/m2>)

0.52-1.240.800.50-1.000.710.46-0.840.62Obese (≥30 kg/m2)

0.84-5.012.050.73-3.491.590.87-3.601.77Self-reported type 2 diabetes (yes)

0.56-1.230.830.59-1.110.810.63-1.090.83Self-reported hypertension (yes)

0.70-1.681.080.87-1.741.230.95-1.771.30Self-reported hypercholesterolemia (yes)

aThe question was “What was your main reason to participate in the study?” Reference category for the outcome variable was “other reasons” which
includes participation to receive regular scientific information about health and nutrition, out of curiosity, to belong to a group, and other.
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Table 5. Sociodemographic, lifestyle, and health characteristics associated with importance for exclusive public funding (multivariate analysis, N=6352).

ImportantaVery importantaIndividual characteristics

95% CIOR95% CIOR

Gender

1.001.00Female

1.03-1.421.211.17-1.611.37Male

Age (years)

0.41-0.780.570.28-0.580.4018-25

0.64-0.970.790.51-0.790.6326-35

1.001.0036-45

0.93-1.401.141.21-1.831.4946-55

1.09-1.711.371.57-2.471.97> 55

Marital status

1.001.00Married or living with a partner

0.94-1.261.090.82-1.120.96Single, divorced, widowed

Have at least 1 child at home

1.001.00Yes

0.80-1.110.940.68-0.950.81No

Educational level

1.001.00Advanced/graduate degree

0.77-1.100.920.67-0.960.80College graduate

0.50-0.740.610.34-0.500.41Secondary

0.44-0.920.630.26-0.570.38Elementary school

Occupational category

1.001.00Managerial staff

0.61-1.260.870.43-0.930.63Self-employed, farmer

0.75-1.080.900.73-1.040.87Intermediate profession

0.59-0.860.710.44-0.650.54Employee, manual worker

0.81-1.661.160.50-1.150.76Never-employed/homemaker

Area of residence

1.001.00Rural

0.86-1.301.060.83-1.261.02Semiurban, population <20,000

0.75-1.160.930.76-1.180.95Urban, population between 20,000-100,000

0.88-1.241.040.91-1.291.08Urban, population ≥100,000

0.82-1.241.010.78-1.190.97Urban, Paris

Alcohol consumption

1.001.00Abstainers and infrequent consumers <once a week)

0.84-1.130.970.86-1.160.99Moderate consumption ≤20 g/day for women and ≤30 g/day for
men)

0.78-1.291.000.60-1.020.78Heavy consumption >20 g/day for women and >30 g/day for men)

Smoking status

1.001.00Never smoker

0.97-1.301.120.93-1.251.08Former smoker

0.86-1.241.030.93-1.351.12Current smoker
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ImportantaVery importantaIndividual characteristics

95% CIOR95% CIOR

Weight status (BMI)

1.001.00Normal <25 kg/m2)

0.78-1.080.920.76-1.050.89Overweight ≥25 kg/m2-30 kg/m2>)

0.62-0.980.780.63-1.010.80Obese ≥ 30 kg/m2)

0.60-1.420.920.69-1.611.06Self-reported type 2 diabetes (yes)

0.92-1.391.130.94-1.421.16Self-reported hypertension (yes)

0.95-1.461.180.91-1.401.13Self-reported hypercholesterolemia (yes)

aThe question was “Is the fact that the study is exclusively funded by public sources important for your participation?” Reference category for the
outcome variable was “not important.”

Discussion

Principal Results
Profiles of participants in a Web-based epidemiological cohort
have rarely been studied [8,10-16] and motives to participate
in such cohorts have not yet been explored. The present study
highlighted specific sociodemographic and health status (ie,
weight status) characteristics of participants in a large Web
cohort according to the perceived importance of the Internet,
the reasons for participation, and the importance of public
funding for research. Our results could guide the development
of novel strategies for the retention of diverse population
samples in Web-based cohorts, particularly during key periods
of data collection.

Our findings revealed that almost half of the participants
reported that Internet use was a decisive reason for participation.
In fact, this element exerted a stronger influence among men,
persons younger than 35 years, individuals of higher
socioeconomic status, those without children at home, moderate
alcohol consumers, and obese persons. Our results are
concordant with previous studies that compared
sociodemographic and lifestyle characteristics of participants
who used Web-based questionnaires with those of participants
who used paper-and-pencil instruments [8,14]. There is clear
evidence that men, young people, and single persons are less
likely to participate in epidemiological studies than are women,
older, or married individuals [9,35-37]. Next, several studies
have shown that individuals who presented risk behaviors, such
as smoking, heavy alcohol use, or obesity, were often
underrepresented among research participants [9,38,39]. Thus,
our study suggests that the Internet allows for reaching a large
population, but also provides access to hard-to-reach individuals
given their social or behavioral status and for whom the Internet
seems to be a more attractive and more convenient mean for
participation compared to traditional means. Individuals
belonging to low socioeconomic strata are often poorly
represented when relying on traditional methods [40]. Our
findings showed that the Internet appeared to be a less important
motive for participation among individuals in low occupational
categories, compared to managerial staff. Therefore, further
exploration of measures that can be adopted in epidemiological

Web-based studies to specifically increase opportunities for
participation among low socioeconomic groups is necessary.

In addition, our study indicated that participation in an
exclusively Web-based nutrition cohort was driven mainly by
a desire to help advance research on chronic disease prevention
or nutrition, especially among older participants, those with
normal weight, and those who lived with a partner. Our results
are also consistent with existing knowledge regarding motives
for participation in volunteer-based cohorts on health and
nutrition, which do not use the Internet [24,26-28]. These
reasons for participation may reflect altruistic tendencies, but
also a vested personal interest [27]. As explained by Williams
et al [28], individuals may be more willing to participate if they
believe that the potential benefits of their participation are large
(eg, life versus death), highly likely to materialize, quickly
attained, or likely to benefit themselves or someone important
to them. Our results suggest that the desire to contribute to
chronic disease risk prevention should be used as a key lever
for participants’ retention in Web-based cohorts, particularly
during decisive periods of exposure data collection.

Two-thirds of our sample found the use of Internet for
completion of the questionnaires to be a benefit, given its
flexibility, whereas less than 1% found it to be complex. Also,
one-quarter of participants felt more comfortable filling in the
questionnaires on the website rather than face to face with an
investigator. On the other hand, only 22% visited sections of
the website of the study regarding news and progress of the
study. Thus, in Web-based studies, the reduced participant
burden (eg, quick, easy and convenient access, increased
distance between participant and investigator allowing
participants not to feel judged) [41] should help minimize
attrition.

Participation in the study for altruistic reasons may be reinforced
by the public nature of the research. Indeed, two-thirds of the
participants considered the exclusive public funding as important
or very important, with the link being particularly pronounced
in men, older adults, and individuals of higher socioeconomic
status. This finding is not surprising in a European context in
which the majority of cohort studies are funded by public
organizations. Indeed, 94% of French participants in an opinion
survey conducted in the general French population reported that
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a large part of biomedical research needs to be funded by public
funding, and 80% of responders feared that the increased
participation of private funding in public research could
undermine the independence of research and is damaging to
certain research areas deemed less profitable [42]. In turn, the
use of Internet for epidemiological studies could be viewed with
suspicion by some participants because of fear that personal
information might be diffused or sold to third parties or that
their responses might not be anonymous [43]. In addition to
reassuring participants that their personal information is kept
private and safe, it seems important to point out the fact that
the study is exclusively funded by public sources to investigate
important public health issues.

Limitations
Our study has several limitations. First, responders were older
and belonged to higher socioeconomic strata than
nonrespondents, which might have led to an underestimation
of the observed associations. Moreover, our result suggests that
the influence of weight status on participation is open to question
because participants in a long-term cohort are likely to be
particularly health conscious and interested in nutritional issues.
In addition, results may reflect the motives of participants
accustomed to the study rather than their motives for enrollment
in the Web-based cohort because the questions about motives
were asked approximately 2 years after baseline. However, key
information on exposure and potential confounding factors was
collected during the first 2 years of participation in the cohort.
Thus, a focus on the motives of those participants who actively
participated 2 years after their inclusion is useful in terms of
retention strategies during decisive periods of data collection
in Web-based cohorts. In addition, the percentage distributions

of the given reasons for participation could be biased due the
use of a predefined list of response options. However, the
participants had the opportunity to choose the “other” response
option and to specify the exact reason for participation. Another
limitation was the lack of information on reasons for declining
participation because the call for participation was not delivered
to a predefined list of individuals. Finally, anthropometric status
was assessed by self-reporting and may have led to
misclassification. However, in a separate validation study that
used data from a subsample of 2513 participants, we compared
self-reported and measured height and weight (and the resulting
BMI) [44]. In particular, these participants had completed the
anthropometric questionnaire 3 days before the clinical
examination. The intraclass correlation coefficient ranged from
.94 for height to .99 for weight. BMI classification was correct
in 93% of the cases; the weighted kappa statistic was .89. Of
2513 participants, 23.5% were classified as overweight (BMI
≥25) with Web-based self-report versus 25.7% based on
measurements by study staff, leading to a sensitivity of 88%
and a specificity of 99%. For obesity, 9.1% versus 10.7% were
classified as obese (BMI ≥30), respectively, leading to sensitivity
of 83% and specificity of 100%.

Conclusions
Our study highlighted that the reliance on the Internet, the
willingness to help advance public health research, and the
exclusive public funding of the study were key motives for
participation in this exclusively Web-based cohort. In addition,
these motives for participation differed by sociodemographic
profile and BMI, but not by lifestyle or health status. These
findings can help improve retention of diverse population
samples, particularly during important data collection periods.
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Abstract

Background: Increasing numbers of patients have direct access to laboratory test results outside of clinical consultations. This
offers increased opportunities for both self-management of chronic conditions and advance preparation for clinic visits if patients
are able to identify test results that are outside the reference ranges.

Objective: Our objective was to assess whether adults can identify laboratory blood test values outside reference ranges when
presented in a format similar to some current patient portals implemented within electronic health record (EHR) systems.

Methods: In an Internet-administered survey, adults aged 40-70 years, approximately half with diabetes, were asked to imagine
that they had type 2 diabetes. They were shown laboratory test results displayed in a standard tabular format. We randomized
hemoglobin A1c values to be slightly (7.1%) or moderately (8.4%) outside the reference range and randomized other test results
to be within or outside their reference ranges (ie, multiple deviations). We assessed (1) whether respondents identified the
hemoglobin A1c level as outside the reference range, (2) how respondents rated glycemic control, and (3) whether they would
call their doctor. We also measured numeracy and health literacy.

Results: Among the 1817 adult participants, viewing test results with multiple deviations increased the probability of identifying
hemoglobin A1c values as outside the reference range (participants with diabetes: OR 1.47, 95% CI 1.12-1.92, P=.005; participants
without diabetes: OR 1.50, 95% CI 1.13-2.00, P=.005). Both numeracy and health literacy were significant predictors of correctly
identifying out-of-range values. For participants with diabetes, numeracy OR 1.32 per unit on a 1-6 scale (95% CI 1.15-1.51,
P<.001) and literacy OR 1.59 per unit of a 1-5 scale (95% CI 1.35-1.87, P<.001); for participants without diabetes, numeracy
OR 1.36 per unit (95% CI 1.17-1.58, P<.001) and literacy OR 1.33 per unit (95% CI 1.12-1.58, P=.001). Predicted probabilities
suggested 77% of higher numeracy and health literacy participants, but only 38% of lower numeracy and literacy participants,
could correctly identify the hemoglobin A1c levels as outside the reference range. Correct identification reduced perceived blood
glucose control (mean difference 1.68-1.71 points on a 0-10 scale, P<.001). For participants with diabetes, increased health
literacy reduced the likelihood of calling one’s doctor when hemoglobin A1c=7.1% (OR 0.66 per unit, 95% CI 0.52-0.82, P<.001)
and increased numeracy increased intention to call when hemoglobin A1c=8.4% (OR 1.36 per unit, 95% CI 1.10-1.69, P=.005).

Conclusions: Limited health literacy and numeracy skills are significant barriers to basic use of laboratory test result data as
currently presented in some EHR portals. Regarding contacting their doctor, less numerate and literate participants with diabetes
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appear insensitive to the hemoglobin A1c level shown, whereas highly numerate and literate participants with diabetes appear
very sensitive. Alternate approaches appear necessary to make test results more meaningful.

(J Med Internet Res 2014;16(8):e187)   doi:10.2196/jmir.3241
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Introduction

Increasing numbers of patients have direct access to laboratory
test results outside of clinical consultations via patient portals
implemented within electronic health record (EHR) systems.
Patient access to such records was included in the Centers for
Medicare and Medicaid Services (CMS) Meaningful Use of
Health Information Technology criteria from 2010 [1], and
already exists in some large health care systems. Strong federal
incentives supporting adoption of electronic medical record
systems will likely significantly increase the availability of
patient portals in the future.

Patients use such systems to view medical test results and value
being able to do so [2-4]. Direct patient use of test data is
consistent with trends toward patient-centered approaches to
care, patient engagement, and the medical home concept, all of
which encourage greater patient involvement in both medical
decision making and health self-management [5-7]. In that
manner, patient access to such health data promotes a transfer
of some of the responsibility for health management from care
providers to the patients themselves [8]. Patient access is also
congruent with the trend for people to actively gather, manage,
and analyze their personal data (eg, the “quantified self”
movement) [9]. Perhaps most importantly, there is an ethical
imperative to provide easy access to patients who want it [10].

Patients want to be notified of laboratory test results, regardless
of whether the findings were normal or abnormal [11], because
failures to inform patients of test results are unfortunately all
too common, even for abnormal or otherwise actionable test
results [12]. Direct access enables patients to seek out their
results by themselves, thereby providing a second opportunity
for identifying actionable results and preventing unnecessary
harm.

Test result data can also enable patients to better prepare for
clinic visits by focusing their attention on test results that are
abnormal or of concern. This knowledge could lead patients to
prepare questions or seek out relevant information before the
visit. Such preparation benefits patients, but it also benefits the
health care system by making visits more efficient [1].

Patients can also use test results to improve self-management
of their current health conditions [1,13]. For example, a person
with diabetes could both assess her current status and identify
long-term trends in her blood glucose control. She could use
such data to determine whether her current health management
efforts (eg, behavior programs, medications) are working. Such
information offers the potential to increase patient activation
and the likelihood of engaging in particular treatment or health
behaviors [1].

Achievement of these potential benefits, however, requires
patients to perform a simple, yet critical, task: to be able to
correctly identify which test results are out of range (ie, outside
the reference ranges) from the (usually) much larger set of data
provided. Unfortunately, there are several reasons to suspect
that many patients will have difficulty with this task when the
test results are displayed in the tabular format currently used in
many interface designs.

First, many patients have limited health literacy, which inhibits
their ability to interpret the health information they read and
use that information to manage their health [14-16]. For
example, low health literacy is associated with less knowledge
about the medications one is taking [17], being less able to read
and understand medication labels [18], unintentional
nonadherence to hospital discharge instructions [19], and
increased mortality [20,21]. Health literacy affects patient use
of laboratory test results in 2 ways. First, lack of attention to
issues of health literacy when designing patient portals limits
the accessibility of such tools and, therefore, limits their impact
among those who might most benefit from them. Even
restricting analysis to people with Internet access, lower health
literacy is associated with a lower likelihood of logging into a
patient portal in the first place [22]. Indeed, patient portal use
is lower among the more vulnerable populations [23]. Second,
health literacy affects patients’ abilities to gather background
and contextual information (eg, about what a test is, what values
are normal or concerning) necessary to cognitively evaluate the
meaning of a test result in relation to their health.

Second, many patients also have lower numeracy skills (ie, poor
ability to use and draw meaning from numbers) [24,25].
Although some measures of health literacy (eg, Test of
Functional Health Literacy in Adults, TOFHLA) include
assessments of what is variably termed numerical ability or
quantitative literacy, there is growing evidence that numeracy
is a distinct construct that is particularly relevant to data
interpretation tasks. Numeracy predicts people’s ability to read
nutrition labels, calculate medication dosages, maintain
anticoagulation control, and maintain glycemic control better
than measures of health literacy do [26-29]. Patients with lower
numeracy skills may lack the capacity to interpret test outcome
data in some current presentations. In addition, numeracy
appears necessary for people to develop emotional responses
to data [30]. This is problematic given the large amount of
theoretical and experimental evidence that emotions are both
integral to risk perceptions and necessary for effective decision
making [31-34]. As a result, less numerate patients are unlikely
to know how to use medical test results if they cannot get a
feeling of “goodness” or “badness” from the data [30].

Without careful design that attends to issues of health literacy
and numeracy, presentations of laboratory test results (whether
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in patient portals or via a clinician’s office) could be of little
use to less literate and numerate patients. Although some
initiatives have used cues such as color to help patients identify
out-of-range values [35], often laboratory results are shown in
the same tabular format that is provided to clinicians. These
tables present a dozen or more tests simultaneously, usually
labeled with unfamiliar abbreviations, reported in unfamiliar
units, and lacking guidance as to whether higher numbers
represent more positive or negative outcomes. Unfortunately,
less numerate people have particular difficulty identifying
decision-relevant information out of larger sets of data [36].
Therefore, the sheer volume of information available through
patient portals is particularly challenging for the less numerate
[8].

We designed an experimental study to assess the degree that
adults, especially those with lower numeracy and/or lower health
literacy, are able or not able to identify out-of-range values in
prototypical medical test result displays. Participants viewed
multiple panels of test results typical of what would be ordered
for ongoing management of a person with type 2 diabetes and
were asked to (1) identify all values outside the reference range,
(2) assess the degree of blood glucose control represented by
those results, and (3) identify whether they would call their
doctor regarding these results. To test patient sensitivity to
variations in test results, we experimentally varied 2 factors:
(1) hemoglobin A1c levels were mildly or moderately elevated
and (2) other test results were within or outside their reference
ranges. To enable assessment of the role of numeracy and health
literacy skills on people’s ability to complete these tasks
accurately, all participants completed validated measures of
both constructs.

Methods

Participants
We recruited a stratified random sample of US adults aged 40-70
years from a panel of Internet users administered by Survey
Sampling International (SSI, Shelton, CT, USA), which recruits
panel members through various opt-in methods. To ensure
demographic diversity (although not representativeness) and
offset variations in response rates, we drew subsamples by both
age and race (thereby approximating the distributions of these
characteristics in the US population). We also drew separate
subsamples by experience with diabetes: We specified that
approximately half of completed surveys be from panel
participants who had previously indicated that they had diabetes
(and hence might have had greater knowledge about hemoglobin
A1c tests) and half from people without personal experience
with diabetes (who might be more similar to newly diagnosed

patients). The number of email invitations in each subsample
was dynamically adjusted until quotas were achieved.

Selected panel members received email invitations with a
personalized link (tracked to prevent duplicates) and
nonresponders received 1 reminder email. Those who clicked
on the link then viewed an introductory page that provided
information about the estimated length of the survey (10 to 15
minutes), the purpose of the study, and affiliation and contact
information for the investigators before taking the participant
to the main study materials. We recruited for a 2-week period
in January 2013. On completion, participants were entered into
instant-win contests and regular draws administered by SSI for
modest prizes.

Design
Participants were asked to imagine that they were diagnosed
with type 2 diabetes, had been maintaining good blood glucose
control with a previous hemoglobin A1c test result of 6.8%, and
had an explicit goal of maintaining hemoglobin A1c values below
7%. Participants were then asked to imagine that they were
viewing the results of a set of blood tests (complete blood cell
count, CBC; hemoglobin A1c; and renal panel) that had been
ordered between doctor’s visits. Following the format currently
implemented in the patient portal of a major academic medical
center, all tables showed test values, standard ranges, and units,
but did not show indicators for high or low values (the medical
center includes high/low indicators in clinician interfaces but
omits them from the patient interface). As shown in Figure 1,
all tests were presented on a single page grouped by panel per
standard practice.

We manipulated the test results shown in a 2×2 factorial design.
All participants viewed results that showed that hemoglobin
A1c was elevated above the standard range (reported as
3.8%-6.4%). We randomly varied the degree of A1c elevation
by randomizing participants to view a hemoglobin A1c result
of either 7.1% or 8.4%. Thus, both values should be identified
as out of range, but only the 8.4% value is sufficiently high (and
a large enough change from the previous value) to potentially
warrant more timely attention. In addition, we independently
varied whether all other reported results were within standard
ranges (single deviation condition) or whether multiple results
were out of range (multiple deviations condition). Participants
in the multiple deviations condition saw tables with out-of-range
values for white blood cell (WBC) count, platelet count, mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), neutrophil %, lymphocyte %, monocyte
%, absolute neutrophil count, and serum glucose. These values
were either elevated or reduced to be consistent with a temporary
viral infection.
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Figure 1. Screenshot of the test results display (hemoglobin A1c=8.4%, single deviation condition).

Outcome Measures
We asked participants to answer a series of questions about the
test results display, which remained visible so that the questions
would measure test understanding and interpretation, not recall.

Participants first rated their perceived blood glucose control
based on the hypothetical scenario and data by answering the
question “according to these test results, how well have you
been keeping your blood sugars under control over the last 3
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months?” (emphasis in original), with responses on an 11-point
scale ranging from not at all well to extremely well.

The next question asked participants to “please mark which
tests had results different than what they should be” (ie, had
out-of-range values) using a set of checkboxes. If participants
marked any tests as being out of range, they received a follow-up
question asking them to “please rate how concerned you would
be about each of these identified tests” on a 5-point scale from
not at all concerned to extremely concerned. Our analysis
focused on whether participants identified the hemoglobin A1c

value as out of range and their subsequent ratings of concern.

Next, we asked participants to indicate what they would do after
reviewing the test results (with test results no longer visible).
Participants chose from 3 options: (1) call or email doctor’s
office and ask to speak with your doctor immediately, (2) call
or email doctor’s office to see whether you can schedule an
appointment with your doctor in the next few weeks (your next
scheduled appointment is currently in 3 months), or (3) talk to
your doctor about these results at your next appointment in 3
months.

We also asked 2 questions to measure perceived usefulness.
Participants rated “how well did you understand what the test
results said” on a 5-point scale from did not understand at all
to understood completely and “how useful were these test
results” on a 5-point scale from not at all useful to extremely
useful.

Individual Difference Measures
Participants next completed several individual difference
measures that we hypothesized might interact with ability to
interpret test result tables. Because ample evidence exists that
even highly educated adults can have poor numeracy skills (ie,
facility and comfort with quantitative health information such
as risk statistics) [25,37,38], all study participants completed
the Subjective Numeracy Scale (SNS) [39]. The SNS measures
both perceived quantitative ability and preference for receiving
information in numerical form and has previously been shown
to correlate with the ability to recall and comprehend both
textual and graphical risk communications [40,41]. A
participant’s SNS score is calculated as his or her mean rating
across the 8 SNS questions (after accounting for reverse coding)
and ranges from 1 (least numerate) to 6 (most numerate). In
addition, participants also completed Chew et al’s [42]
3-question measure of limited health literacy, which has been
validated and shown to be highly correlated with other measures,
such as the Rapid Estimate of Adult Literacy in Medicine
(REALM) and Short Test of Functional Health Literacy in
Adults (S-TOFHLA). Participants’ literacy score was the mean
response for the 3 questions (after reverse coding 1 question)
and ranges from 1 (least literate) to 5 (most literate).

Participants also completed standard demographic questions
and indicated whether they were diagnosed previously with
diabetes. This latter direct-response measure was used for
analysis of the effect of diabetes experience instead of the

information from SSI that had been used to guide the sampling
process.

Data Management
All data were collected anonymously using the Qualtrics online
survey platform. Participants were identified and prevented
from taking the survey multiple times via unique identification
numbers provided by SSI within the redirected URL. The design,
sampling process, data management procedures, and outcome
measures received exempt status approval from the University
of Michigan Health Sciences and Behavioral Sciences
Institutional Review Board.

Statistical Analyses
We performed separate analyses of data from participants who
self-reported that they were diagnosed with diabetes and from
nondiabetic participants. For each group, we conducted
chi-square and logistic regression analyses of whether
respondents identified the hemoglobin A1c value as out of range
and whether they intended to call their doctor about the test
results. We conducted t tests, correlation analyses, and linear
regression analyses of both perceived blood glucose control and
perceived usefulness of the test result displays. Regression
analyses included indicator variables for experimental factors,
education, and respondents’ health literacy and numeracy scale
scores as continuous variables. Education was modeled as 2
indicator variables for (1) greater than high school education
of some type, but no bachelor degree and (2) a bachelor or
higher degree (each compared to a baseline group of high school
education or lower). We also conducted additional analyses to
determine whether the ability to correctly identify a test result
as out of range mediated any effects of experimental or
demographic predictors on perceptions of blood glucose control
and intentions to call a doctor. All analyses were performed
using Stata 12 (StataCorp LP, College Station, TX, USA), and
all tests of significance were 2-sided and used alpha=.05.

Results

Participant Characteristics
In total, 1817 people aged between 40 and 70 years completed
the survey. Participant characteristics are reported in Table 1.
We observed a wide range of educational achievement with
31.36% (567/1808) of participants having a bachelor or higher
college degree, but also 23.73% (429/1808) with an education
level of high school or less.

Within our sample, the SNS numeracy measure showed high
reliability (Cronbach alpha=.87), and the mean SNS score was
4.47 (SD 1.06, range 1.0-6.0). Mean score on the health literacy
measure was 3.84 (SD 0.87, range 1-5), although the scale
showed relatively weak reliability (Cronbach alpha=.54). These
2 measures were moderately correlated (r=.26), although 189
of 1799 (10.51%) participants indicated lower numeracy (SNS
≤4) and higher literacy (literacy ≥4) and 117 of 1799 (6.50%)
participants had the reverse pattern of higher numeracy (SNS
≥5) and lower literacy (literacy ≤3).
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Table 1. Participant characteristics (N=1817).

Mean (SD)n (%)aCharacteristic and categories

54.2 (8.4)Age (years) (n=1814)

635 (35.01)40-49

605 (33.35)50-59

574 (31.64)60-70

Sex (n=1814)

901 (49.67)Male

913 (50.33)Female

Ethnicity (n=1807)

170 (9.41)Hispanic (any race)

Race b (n=1810)

1407 (77.73)White

280 (15.47)African-American

161 (8.90)All other

Education (n=1808)

429 (23.73)≤High school

812 (44.91)Some college/trade

567 (31.36)Bachelor/master/doctorate degree

4.47 (1.06)Subjective Numeracy Scale Score (n=1804)

42 (2.33)1.00-1.99

138 (7.65)2.00-2.99

315 (17.46)3.00-3.99

600 (33.26)4.00-4.99

644 (35.70)5.00-5.99

65 (3.60)6.00

3.84 (0.87)Limited Health Literacy Scale Score (n=1799)

19 (1.06)1.00-1.99

219 (12.17)2.00-2.99

649 (36.08)3.00-3.99

576 (32.02)4.00-4.99

336 (18.68)5.00

971 (53.59)Participant with diabetes (n=1812)

a Reports results only for those respondents who completed each question or measure.
b Respondents could indicate more than 1 race.

Identification of Hemoglobin A1c Value as Out of
Range
Overall, approximately half (931/1817, 51.24%) of participants
correctly identified the hemoglobin A1c value as being “different
than what [it] should be.” Participants with diabetes were more
likely to identify the out-of-range hemoglobin A1c value than
participants without diabetes were (participants with diabetes:
546/971, 56.2%; participants without diabetes: 384/841, 45.7%,

χ2
1=20.2, P<.001). Rates of correctly identifying out-of-range

hemoglobin A1c values were also significantly higher among
participants in the multiple deviations condition versus those
in the single deviation condition (multiple deviations: 499/898,

55.6%; single deviation: 432/919, 47.0%, χ2
1=13.3, P<.001).

The specific hemoglobin A1c value reported had no effect on
the likelihood of marking it as out of range (hemoglobin
A1c=7.1%: 462/911, 50.7%; hemoglobin A1c=8.4%: 469/906,

51.8%; χ2
1=0.2, P=.65).
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Table 2 reports logistic regression analyses identifying predictors
of correctly identifying hemoglobin A1c values as out of range
for participants with and without diabetes. The multivariate
analysis confirms the significant effect of the multiple deviations
condition for both groups of participants. However, the specific
hemoglobin A1c value shown was a significant predictor of

correctly identifying it as out of range for participants with
diabetes (more likely to mark if hemoglobin A1c=8.4% vs 7.1%).
In addition, the regression analyses identified significant and
independent effects of both participant numeracy and health
literacy as well as weaker effects of education.

Table 2. Logistic regression results showing predictors of identifying hemoglobin A1c levels as out of range for participants with and without diabetes.

Participants with diabetes (n=963)Participants without diabetes (n=827)Variable

P95% CIORP95% CIOR

.021.05, 1.801.38.260.64, 1.130.85Hemoglobin A1c test result=8.4% (vs=7.1%)

.0051.12, 1.921.47.0051.13, 2.001.50Multiple deviations condition (vs single)

——————Education: high school or less

.360.83, 1.661.17.200.88, 1.861.28Education: >high school but <bachelor degree

.041.03, 2.271.53.100.94, 2.111.41Education: bachelor degree or higher

<.0011.15, 1.511.32<.0011.17, 1.571.36Subjective numeracy score (per unit, range 1-6)

<.0011.35, 1.871.59.0011.12, 1.581.33Literacy score (per unit, range 1-5)

To clarify the effect size of the experience with diabetes,
numeracy, and health literacy effects, we calculated the
predicted likelihood that participants with different combinations
of lower versus higher numeracy and lower versus higher health
literacy would mark hemoglobin A1c levels as out of range,
holding all other predictors to their mean values. We conducted
this analysis separately for participants with and without
diabetes. Although we recognize that numeracy and literacy are
often at least moderately correlated in practice (in our sample:
r=.26), the predicted probabilities help to clarify the independent

and combined effects of these 2 factors over the range of
possible patient skill levels. We defined lower numeracy or
health literacy as a score of 3 on these scales (corresponding to
the tenth to thirteenth percentile of the observed distribution for
each measure) and higher numeracy as the scale maximums of
6 for numeracy and 5 for health literacy. As Figure 2 shows,
the combined effect of lower health literacy and lower numeracy
more than halves the probability of identifying out-of-range
values (from 77% to 38% for participants with diabetes and
from 65% to 30% for participants without diabetes).
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Figure 2. Predicted probabilities that participants with and without diabetes would correctly identify hemoglobin A1c test results as outside the standard
range by lower versus higher literacy and numeracy levels.

Perceptions of Blood Glucose Control
Perceptions of blood glucose control averaged in the middle of
the 0-10 scale, but we observed substantial variance. When the
displayed hemoglobin A1c level was 7.1%, the mean perception
of blood glucose control was 5.62 (SD 2.87) and did not vary
significantly by diabetes diagnosis. However, when the
displayed hemoglobin A1c level was 8.4%, not only were
perceptions of control lower (mean 4.71, SD 3.17) but
perceptions of the participants with diabetes were significantly
lower than those of participants without diabetes (participants
with diabetes: mean 4.40, SD 3.13; participants without diabetes:
mean 5.05, SD 3.18; t887=3.07, P=.002).

Table 3 reports linear regressions predicting perceived blood
glucose control among participants with and without diabetes.
Because the act of identifying the hemoglobin A1c test result as
being outside the standard range is a likely precursor of
perceiving one’s blood glucose as being less controlled, we
included that variable as an independent predictor in addition
to the previous model predictors.

Confirming our expectations, correctly identifying hemoglobin
A1c levels as out of range had a highly significant and large
effect on participants’ ratings of their blood glucose control,
reducing ratings of blood glucose control by 1.68-1.71 points
on the 11-point scale (P<.001 for both). Also, viewing a
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hemoglobin A1c test result of 8.4% instead of 7.1% also lowered
perceptions of blood glucose control (P<.001 for both).

However, we also observed independent effects of health literacy
and numeracy for participants without diabetes. Having higher
health literacy decreased perceived glucose control by 0.54
points per unit on the 5-point literacy scale (P<.001), whereas
higher numeracy increased perceived glucose control by 0.27
points per unit on the 6-point numeracy scale (P=.01).

The fact that health literacy and numeracy predicted correctly
identifying the hemoglobin A1c value as out of range raises the
possibility that their effects on perceived blood glucose control
might be partially mediated through that action. Yet, reduced

models omitting the “marked A1c as out-of-range” variable (not
shown) were similar to those shown in Table 3. Among
participants without diabetes, test result (hemoglobin A1c value
of 8.4% vs 7.1%) and health literacy remained highly significant,
and numeracy was actually less significant (beta=0.15, P=.16).
Among participants with diabetes, the effects of test result and
high education remained highly significant, and the coefficient
for health literacy became significant (beta=–0.35, P=.002).
This suggests that correctly identifying hemoglobin A1c levels
as out of range may have partially mediated the effect of health
literacy among participants with diabetes, but we saw no
evidence of any mediation effects among participants without
diabetes.

Table 3. Linear regression results showing predictors of perceived blood sugar control among participants with and without diabetes.

Participants with diabetes
(n=953)

Participants without diabetes
(n=820)

Variable

PCoefficientPCoefficient

<.001–1.08.001–0.65Hemoglobin A1c test result=8.4% (vs 7.1%)

.46–0.13.07–0.37Multiple alert condition (vs single alert)

————Education: high school or less

.03–0.54.370.24Education: >high school but <bachelor degree

.005–0.76.23–0.35Education: bachelor’s degree or higher

.330.09.010.27Subjective numeracy score (per unit, range 1-6)

.11–0.17<.001–0.54Literacy score (per unit, range 1-5)

<.001–1.71<.001–1.68Marked hemoglobin A1c result as out of range

7.297.52Constant

Behavioral Intentions Regarding Contacting a Doctor
Table 4 reports the proportion of respondents in each
experimental condition who indicated that they would intend
to call their doctor to discuss the laboratory test results,
organized by participants with diabetes and those without. Most
participants would call their doctor in all conditions (1218/1765,
69.01%), but in the single deviation condition, the intention to

call was significantly lower when hemoglobin A1c level was

7.1% vs 8.4% (A1c=7.1%: χ2
1=15.4, P<.001; A1c=8.4%:

χ2
1=18.9, P<.001). However, in the multiple deviation condition,

the difference in rates was significant (but only barely so) among

participants with diabetes (χ2
1=4.3, P=.04) and was

nonsignificant among participants without diabetes (χ2
1=0.1,

P=.76).

Table 4. Proportion of respondents indicating they would call their doctor to discuss the laboratory test results (either immediately or rebook a set
appointment to an earlier date/time) by diabetes diagnosis and experimental condition (N=1763).

Participants with diabetes (n=950)Participants without diabetes (n=813)Condition

A1c=8.4%A1c=7.1%A1c=8.4%A1c=7.1%

160/225 (71.1%)119/232 (51.3%)178/221 (80.5%)137/215 (63.7%)Single deviation condition, n/n (%)

179/240 (74.6%)167/253 (66.0%)139/191 (72.8%)138/186 (74.2%)Multiple deviation condition, n/n (%)

We next report the results of logistic regression analyses of
intent to call a doctor for participants with and without diabetes
(Table 5). Within each table, we report separate analyses for
the hemoglobin A1c=7.1% and 8.4% scenarios because they

represent 2 distinct scenarios that should logically evoke
different behaviors in participants and therefore might have
fundamentally different predictors.
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Table 5. Logistic regression results showing predictors of intent to call a doctor among study participants with and without diabetes.

Participants with diabetesParticipants without diabetesVariable

A1c=8.4%A1c=7.1%A1c=8.4%A1c=7.1%

P95% CIORP95% CIORP95% CIORP95% CIOR

.630.73,
1.70

1.11.0031.23,
2.62

1.79.010.33,
0.88

0.54.090.94,
2.29

1.47Multiple deviations condition (vs sin-
gle)

————————————Education: high school or less

.580.49,
1.50

0.85.770.66,
1.76

1.08.240.78,
2.69

1.45.470.46,
1.43

0.81Education: >high school but <bachelor
degree

.190.33,
1.25

0.64.270.79,
2.36

1.36.880.50,
1.81

0.95.950.51,
1.87

0.98Education: bachelor degree or higher

.0051.10,
1.69

1.36.530.77,
1.15

0.94.200.92,
1.48

1.17.460.87,
1.35

1.09Subjective numeracy score (per unit,
range 1-6)

.550.71,
1.20

0.92<.0010.52,
0.82

0.66.540.67,
1.23

0.91.260.65,
1.12

0.86Literacy score (per unit, range 1-5)

<.0011.48,
3.61

2.31.0011.31,
2.89

1.95<.0011.91,
5.61

3.28.0031.26,
3.11

1.98Marked A1c as out of range

Among participants without diabetes, correctly identifying
hemoglobin A1c levels as out of range was the primary predictor
of whether the participant intended to call their doctor. However,
we also saw an interesting pattern regarding the multiple
deviations condition. Having other test results (beyond
hemoglobin A1c) out of range tended (nonsignificantly) to
increase the odds of calling the doctor if the hemoglobin A1c

level was 7.1% but significantly lowered the likelihood of
calling the doctor if the hemoglobin A1c level was 8.4%. It is
unclear whether the latter effect reflects beliefs that the elevated
hemoglobin A1c level is not as concerning in the presence of
the other nonnormal test results or simple confusion or
distraction. In either case, neither health literacy nor subjective
numeracy scores predicted intentions to call the doctor’s office
among participants without diabetes. Omitting the “marked A1c

as out of range” variable had little effect on either regression.
The only change of note was that, in the hemoglobin A1c level
equals 7.1% condition, the odds ratio for the multiple deviations
condition increased slightly and became statistically significant
(OR 1.59, 95% CI 1.03-2.45, P=.04).

Among study participants with diabetes, we saw a distinct
pattern of results related to health literacy and numeracy even
after controlling for the continued large and significant effect
of having correctly identified hemoglobin A1c levels as out of
range (which was highly predicted by health literacy and
numeracy). Among participants with diabetes presented with
hemoglobin A1c=7.1% test results, increased health literacy
significantly reduced the likelihood of calling one’s doctor. This
is consistent with these individuals having absorbed the
background knowledge provided in the scenario sufficiently to
recognize that a 7.1% value is only mildly elevated in

comparison to the previous value of 6.8% that was provided in
the scenario and was very close to the 7% threshold that was
stated explicitly as the patient’s goal level. However, numeracy
skills were not associated with intentions to call the doctor.

Conversely, among participants with diabetes who were
presented with hemoglobin A1c=8.4% test results (a value that
is both significantly elevated on an absolute level and a much
larger increase in reference to the previous test result cited in
the scenario), health literacy had no effect on intentions to call
their doctor. Instead, among participants with diabetes, it was
increased numeracy skills that significantly increased their
intentions to call the doctor’s office. This finding is consistent
with the hypothesis that numeracy skills were associated with
respondents’ ability to recognize not merely that the 8.4% value
was out of range, but that the increase of less than 2 absolute
percentage points nonetheless represented a substantial and
concerning change worthy of action. Both this effect and the
effect of health literacy when the A1c test result was 7.1% remain
essentially unchanged if “marking A1c as out of range” was
removed from the regression equations.

The magnitude of both of these effects is illustrated via the
predicted rates of intentions to call one’s doctor shown in Figure
3. What is clear from this figure is that health literacy and
numeracy directly impacted sensitivity to the test results among
participants with diabetes. Our analyses predicted that patients
with diabetes with low numeracy skills and low health literacy
would be just as likely to call their doctor when the hemoglobin
A1c levels were 7.1% or 8.4%. In contrast, our model predicted
that highly numerate and health literate patients with diabetes
were far more likely (a 34% difference in rates) to call their
doctor when the hemoglobin A1clevel was 8.4% than 7.1%.
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Figure 3. Predicted probabilities that participants with diabetes would call their doctor by reported hemoglobin A1c level and by lower versus higher
literacy and numeracy levels.

Perceived Usefulness of Test Results Displays
The 2 questions that measured perceived usefulness of the test
results displays were highly correlated (r=.77), and the combined
measure was highly reliable (Cronbach alpha=.87). Mean
perceived usefulness was only 3.38 (SD 1.18) on a 1-5 scale,
indicating a significant number of participants found these tables
to be difficult to understand and/or not useful. Both numeracy
and health literacy were positively correlated with ratings of
perceived usefulness (numeracy: r=.32, P<.001; health literacy:
r=.26, P<.001).

Discussion

Principal Results
A key reason why many patients want direct access to their
medical test results is to verify which of their tests are okay and
which are not. Unfortunately, our results suggest that many
people find the task of identifying out-of-range values embedded
in standard test result tables to be quite difficult. Perhaps more
importantly, ability to accomplish this task appears highly
related to both numeracy and health literacy skills. Participants
with lower numeracy and health literacy skills were less than
half as likely as those with higher numeracy/literacy abilities
to identify hemoglobin A1c levels as outside the reference range
in a larger set of results, even though that test was specifically
identified in the scenario as the reason for testing. Correctly
identifying hemoglobin A1c levels as out of range was, in turn,
the single largest predictor of both perception of blood glucose
control and intention to call one’s doctor in response to the
elevated test results.

Health literacy and numeracy skills also appear to enable
patients to know when they do or do not need to act in response
to test results even after controlling for the effect of being able
to correctly identify hemoglobin A1c levels as out of range.
Among study participants with diabetes (971/1812, 53.59%),
increased health literacy was associated with lower intentions

to call the doctor’s office for the (barely elevated) test result of
hemoglobin A1c=7.1%. When the test result was the more
substantially elevated hemoglobin A1c value of 8.4%, it was the
more numerate participants who were significantly more likely
to call their doctor in response. In contrast, less numerate
participants did not appear to recognize that the substantial jump
in their hemoglobin A1c results represented a trend worthy of
immediate response.

This latter effect is particularly important, as it demonstrates
the important distinction between patients knowing their test
result numbers versus grasping the personal meaning of those
data. For example, a patient with diabetes may use a patient
portal to learn that her hemoglobin A1c level changed from
10.1% to 9.3%, but have no idea that a change of less than 1
percentage point represents a significant reduction that
corresponds to substantial health and risk reduction benefits.
For this patient, knowing the numerical value of her test results
did not ensure that she understood what those numbers implied
or what actions she needed to consider. Her data were literally
meaningless, and she is likely to ignore them in managing her
health.

We deliberately studied reactions to laboratory test results
among participants with and without diabetes, who would be
expected to be more and less familiar with the types of data,
respectively. Our results suggest that although familiarity with
a metric such as hemoglobin A1c levels is an important first
hurdle for new patients, education about these measures is
unlikely to be enough to achieve understanding for all patients.
Those with low health literacy and low numeracy may require
additional support, and interface design for laboratory results
in patient portals should take these factors into account.

Relationship to Prior Work
The generally welcome trend in recent years of people gaining
access to their own test results has given rise to a common
concern about the design of test results displays. In 2010, Wired
Magazine ran a feature article titled “The Blood Test Gets a
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Makeover,” in which several designers were asked to develop
“proof of concept” graphical test results reports [43]. These
concept graphics used simple line graphs with clear, strong,
color cues, reference points, and explanatory language to make
multiple types of test results more meaningful to patients. In
2012, the US General Services Administration sponsored a test
result design challenge that attracted over 230 entries [44]. These
design initiatives demonstrate the widespread concern about
this issue and show promise of improvement.

Unfortunately, the design concepts generated have yet to be
studied rigorously to evaluate their effects on patient
comprehension and activation. For example, do the high/low
“flags” often included in clinician interfaces for EHRs (but
conspicuously omitted in the patient format used by the major
academic medical system we modeled our stimuli after) provide
net benefit by clarifying out-of-range values, or do they cause
net harm by increasing patient alarm about values that are not
clinically concerning? Would use of a categorization system
(perhaps with icons) that labeled results by potential harm, not
just what is inside or outside the standard reference range values,
be useful in guiding patient behavior? Would horizontal line
displays or color coding help the less numerate or less literate
patients be better able to derive meaning from their test results?

Recent research on risk communication suggests that
well-designed visual displays can improve patient understanding
of medical data, especially among those with lower numeracy
skills [45-47]. Research also supports the supposition that
including relevant reference standards beyond the “standard
range” values in such displays is likely to make even unfamiliar
test data more intuitively interpretable for patients [46,48,49].
Empirical research is needed to answer the preceding questions,
thereby guiding the design of results displays to ensure that data
are meaningful across levels of literacy and numeracy. In its
absence, these barriers will continue to impede effective patient
use of test result data (in electronic health records or elsewhere)
to improve patient self-management and patient-provider
communications.

Yet, it is worth asking ourselves: why are we giving patients
these numbers? In many circumstances, patients’ informational
goals would be addressed more directly by communications
that highlight evaluative categories (eg, “poor,” “very high,”

“borderline high”) over the specific numerical values. Both we
and others have recently argued that precise numerical
communications of health data can sometimes be
counterproductive [50,51]. Our results suggest that patients with
limited numeracy and health literacy skills may be particularly
likely to benefit from alternate communication approaches that
reinforce the critical “gist” messages [52] before presenting
quantitative test result data.

Limitations
Our findings are tempered by several important limitations.
First, our study involved a hypothetical vignette and mock test
results presented to people who knew they were taking a survey.
The lack of personal relevance of these data may have inhibited
participants’motivation to seek out and identify the out-of-range
values, and it is certainly possible that both perceptions of blood
glucose control and intentions to call one’s doctor might be
different if these were the patient’s own test results viewed in
an actual EHR portal. Another limitation is that the study
displayed all test results simultaneously on a single page (to
facilitate their presentation within the survey engine and to
allow us to test understanding, not recall), whereas many
electronic health record systems only show 1 panel’s worth of
results at a time. Although both of these limitations may affect
the generalizability of our findings into actual clinical practice,
this controlled experiment demonstrates the plausibility of
literacy and numeracy concerns. Nonetheless, further research
is clearly needed to study how well patients understand their
own test results in a patient portal.

Conclusions
Our results reinforce the critical role of health literacy and
numeracy skills in enabling patients to take active roles in their
health care. Being an “informed” patient requires more than
having access to test results or being able to recite specific
numbers. It means understanding what test data mean for
evaluating one’s health status and how it should influence future
health decisions or behaviors. Our data demonstrate that limited
health literacy and numeracy are significant barriers to such
knowledge translation tasks. Further research should investigate
designs that help people better interpret the meaning of their
numbers.
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Abstract

Background: Advances in nutritional assessment are continuing to embrace developments in computer technology. The online
Food4Me food frequency questionnaire (FFQ) was created as an electronic system for the collection of nutrient intake data. To
ensure its accuracy in assessing both nutrient and food group intake, further validation against data obtained using a reliable, but
independent, instrument and assessment of its reproducibility are required.

Objective: The aim was to assess the reproducibility and validity of the Food4Me FFQ against a 4-day weighed food record
(WFR).

Methods: Reproducibility of the Food4Me FFQ was assessed using test-retest methodology by asking participants to complete
the FFQ on 2 occasions 4 weeks apart. To assess the validity of the Food4Me FFQ against the 4-day WFR, half the participants
were also asked to complete a 4-day WFR 1 week after the first administration of the Food4Me FFQ. Level of agreement between
nutrient and food group intakes estimated by the repeated Food4Me FFQ and the Food4Me FFQ and 4-day WFR were evaluated
using Bland-Altman methodology and classification into quartiles of daily intake. Crude unadjusted correlation coefficients were
also calculated for nutrient and food group intakes.

Results: In total, 100 people participated in the assessment of reproducibility (mean age 32, SD 12 years), and 49 of these (mean
age 27, SD 8 years) also took part in the assessment of validity. Crude unadjusted correlations for repeated Food4Me FFQ ranged
from .65 (vitamin D) to .90 (alcohol). The mean cross-classification into “exact agreement plus adjacent” was 92% for both
nutrient and food group intakes, and Bland-Altman plots showed good agreement for energy-adjusted macronutrient intakes.
Agreement between the Food4Me FFQ and 4-day WFR varied, with crude unadjusted correlations ranging from .23 (vitamin D)
to .65 (protein, % total energy) for nutrient intakes and .11 (soups, sauces and miscellaneous foods) to .73 (yogurts) for food
group intake. The mean cross-classification into “exact agreement plus adjacent” was 80% and 78% for nutrient and food group
intake, respectively. There were no significant differences between energy intakes estimated using the Food4Me FFQ and 4-day
WFR, and Bland-Altman plots showed good agreement for both energy and energy-controlled nutrient intakes.
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Conclusions: The results demonstrate that the online Food4Me FFQ is reproducible for assessing nutrient and food group intake
and has moderate agreement with the 4-day WFR for assessing energy and energy-adjusted nutrient intakes. The Food4Me FFQ
is a suitable online tool for assessing dietary intake in healthy adults.

(J Med Internet Res 2014;16(8):e190)   doi:10.2196/jmir.3355
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food frequency questionnaire; weighed food record; validity; reproducibility; dietary assessment; Food4Me; Web-based

Introduction

Given the continuing rise in some noncommunicable diseases
and the growing burden of diet-related ill health [1-3],
researchers are seeking new and innovative ways of facilitating
dietary change. These include the application of digital
technologies, which are revolutionizing the delivery of
health-related services because of their reduced costs and wide
reach. Online interventions are particularly promising because
they have the potential to increase exposure to health promotion
material. Recent estimates show that Internet use has increased
by >150% in North America and by nearly 400% in Europe
since 2000, with a total of 78.6% and 63.2% of these
populations, respectively, now classified as Internet users [4].
Given their lower costs, Internet-based services have the
potential to enhance the cost-benefit ratio for interventions
aimed at prevention of diet-related noncommunicable diseases
[5-6]. Furthermore, interactive Web-based interventions have
been shown to increase patient activation and self-management
capabilities in chronically ill adults [7] and enhance weight loss
in obese individuals (compared with non-Web-based
interventions) [8].

To quantify dietary change in response to an intervention, an
accurate and validated means of assessing food intake is
essential [9]. Population-level food intake is usually assessed
in 1 of 3 ways: a food frequency questionnaire (FFQ), 24-hour
recall, or estimated or weighed food record (WFR). The WFR,
which involves weighing all foods and drinks consumed over
a 3-7 day period, is often considered the most accurate measure
of intake and has been referred to as the imperfect gold standard
[10]. However, prospective recording of food consumption can
alter the type and quantity of foods eaten and, therefore,
introduce bias into the estimate of food intake [11-13]. The FFQ
and 24-hour recall, which rely on retrospective recording of
food consumption, are also prone to reporting bias, including
overestimated consumption of “healthy” foods, such as fruit
and vegetables, and underestimation of “unhealthy” food intake.
WFR require participants to be highly motivated and are
labor-intensive for both participants and researchers. Conversely,
FFQ are inexpensive to process and can be self-administered
electronically, making them suitable for online interventions.
Other advantages include reducing paper use, postage costs,
and the space; security; and organization required for paper file
storage [14]. For this reason, FFQ are most commonly used in
large-scale epidemiological and intervention studies to determine
food and nutrient intake [15].

The present research was conducted as part of the Food4Me
study, which aims to test the utility of online personalized
dietary advice using an online FFQ to assess dietary intake

[16,17]. The Food4Me FFQ includes 157 food items and food
portion photographs and has been described previously by
Forster et al [18]. FFQ are generally validated against existing
dietary assessment methods, such as WFR [19], and several
FFQ have been validated for electronic and online use recently
[14,20-22].

The Food4Me FFQ has been shown to have good agreement
with the European Prospective Investigation of Cancer
(EPIC)-Norfolk FFQ for the estimation of energy-adjusted
nutrient intakes [18]. The aim of this study is to further validate
the Food4Me FFQ against a WFR and to assess its
reproducibility using a test-retest methodology.

Methods

Study Sample
To accurately estimate the Bland-Altman limits of agreement
between 2 methods, a sample size of 50-100 is required [23].
Allowing for 20% dropout, 121 participants aged ≥18 years
were recruited from the University of Reading, UK, via email
and poster advertising. Participants were provided with a study
information sheet before participation and were asked to sign
an informed consent form. A participant information form,
which included self-reported weight and height measurements,
was used to assess suitability for the study. Individuals reporting
health issues or ill health, self-reported or diagnosed food
intolerances, or special nutritional requirements (eg, pregnancy
or lactation) were ineligible to participate. Ethical approval for
the study was obtained from the School of Chemistry, Food and
Pharmacy Research Ethics Committee, University of Reading,
UK (01-12-Lovegrove).

Study Design
Reproducibility of the Food4Me FFQ was determined by asking
participants to complete the questionnaire on 2 occasions 4
weeks apart, mimicking its application in the Food4Me study.
To assess the validity of the FFQ against a 4-day WFR, half the
sample (those recruited first) were asked to complete a 4-day
WFR 1 week following the first administration of the
Food4Me-FFQ. Participants who completed both the Food4Me
FFQ and 4-day WFR were also asked to complete a dietary
record usability-rating questionnaire on Survey Monkey (Survey
Monkey Inc, Palo Alto, CA, USA) in the week following the
completion of the second Food4Me FFQ. The usability-rating
questionnaire included questions about ease of use and
willingness to complete the records. Participants were asked
not to change their diet during the study.
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Weighed Food Record
Participants were asked to record all foods and beverages
consumed over a nonconsecutive 4-day period that included 3
weekdays (Monday to Thursday) and 1 weekend day (Saturday
to Sunday). Before completing the WFR, participants were
coached on how to describe food products by a dietitian and
provided with weighing scales (Salter Disc Electronic Kitchen
Scales SKU# 1036 WHSSDR). When participants were unable
to provide weighed portion size information, this was estimated
retrospectively within 1 week using the Ministry of Agriculture,
Fisheries and Food Portion Size Atlas [24].

Food4Me FFQ
The self-administered Food4Me FFQ is an online,
semiquantitative food frequency questionnaire (developed by
University College Dublin and Crème Software Ltd). To
complete the questionnaire, participants were provided with a
website address and unique log-in details. On logging into the
server, participants were directed to a webpage containing
detailed instructions on how to complete the FFQ. The
questionnaire contained questions on the average consumption
of 157 food items over the previous month. The food items were

divided into the following 11 categories: (1) cereal, (2) bread
and savory biscuits, (3) potatoes, rice and pasta, (4) meat and
fish, (5) dairy products and fat, (6) fats and spreads, (7) sweets
and snacks, (8) soups, sauces and spreads, (9) drinks, (10) fruit,
and (11) vegetables. During completion of the Food4Me FFQ,
participants were required to provide information on frequency
of consumption and portion size. Frequency of consumption
was measured by selecting one of the following options: never
or less than once a month, 1-3 times a month, once a week, 2-4
times a week, 5-6 times per week, once a day, 2-3 times per
day, 5-6 times per day, and >6 times per day. Food portion size
was estimated using photographs. Each food item had 3
photographs representing small, medium, and large portions
and these descriptors were provided below the appropriate
image. Participants could select one of the following options:
very small, small, small/medium, medium, medium/large, large,
or very large which were linked electronically to portion sizes
(in grams) (see Figure 1). Food intake (g/day) was calculated
by multiplying frequency of consumption by the specified
portion size (see Forster et al for detailed methods [18]). Further
screenshots of the online Food4Me FFQ are shown in
Multimedia Appendix 1.
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Figure 1. Screenshot of the online Food4Me food frequency questionnaire.

Dietary Record Usability-Rating Questionnaire
The dietary record usability-rating questionnaire was comprised
of 5 questions about the completion of the Food4Me FFQ and
the 4-day WFR. Participants who completed both the Food4Me
FFQ and the 4-day WFR (n=49) were asked to select one of the
following responses to indicate their level of agreement: strongly
agree, agree, neither agree nor disagree, disagree, or strongly
disagree to the following questions:

1. I found the Food4Me FFQ / 4-day WFR easy to complete
2. I found the Food4Me FFQ / 4-day WFR too time consuming
3. I found the Food4Me FFQ / 4-day WFR interesting to

complete

4. I found the Food4Me FFQ / 4-day WFR made me reflect
on my intake

5. In the future I would be willing to complete more Food4Me
FFQ/ 4-day WFR

Misreporting
The Henry equation [25] was used to calculate basal metabolic
rate (BMR), and BMR was multiplied by a physical activity
level (PAL) of 1.1 to calculate the lowest possible estimated
energy requirements (EER) for each participant [26].
Participants reporting energy intakes lower than their EER were
classified as underreporters. Participants reporting a daily energy
intake greater than 4500 kcal, which is considered implausibly
high, were excluded from the analysis [27].
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Nutritional Intake Analysis
Estimated nutritional intake data from the Food4Me FFQ were
generated automatically by the online Food4Me programmed
system, as described by Forster et al [18]. Composition of the
food items listed in the FFQ were derived from WISP (Tinuviel
Software, Anglesey, UK) [28] and modified to include recipes
of composite dishes, generic commercial foods, new foods on
the market, and current manufacturers information. The 4-day
WFR intakes were analyzed using WISP (Tinuviel Software,
Anglesey, UK) [28]. For the purpose of the current study,
consumption of dietary supplements was not included in the
analyses.

Statistical Analysis
Statistical analyses were performed using SPSS version 20.0
(IBM Corp, Armonk, NY, USA). Mean nutrient intakes and
standard deviations were calculated for baseline characteristics,
repeated Food4Me FFQ, and 4-day WFR. Differences in
participant characteristics and energy intakes (kcal) were
assessed using a paired 2-sample t test. Nutrient intakes were
compared using general linear model (GLM) analysis controlling
for energy and gender where there was significant interaction
between gender and nutrient intake. Data were checked for
normality using the Shapiro-Wilk test and, depending on the
outcome, the association between dietary intake methods and
repeated Food4Me FFQ were assessed using either Pearson
product-moment correlation or Spearman correlation coefficient
(SCC, rho). A P value of <.05 was considered statistically
significant.

The relative agreement between the dietary intake methods and
repeated Food4Me FFQ was assessed using cross-classification
of nutrient intakes to estimate the percentage of participants
classified into quartiles as follows: exact agreement (percentage
of cases classified into the same quartile), exact agreement plus
adjacent (percentage of cases cross-classified into the same or
adjacent quartile), disagreement (percentage of cases
cross-classified 2 quartiles apart), and extreme disagreement

(percentage of cases cross-classified into extreme quartiles).
For intakes of energy and macronutrients, the Bland-Altman
method [29] was used to further assess the limits of agreement
between the 2 methods (Food4Me FFQ and WFR) and between
the repeated Food4Me FFQ. As per the Bland-Altman
methodology, dietary records were considered comparable/
repeatable if greater than 95% of data plots lay within 2 standard
deviations of the mean. GraphPad PRISM version 6 was used
to produce the Bland-Altman plots (GraphPad Software, Inc,
La Jolla, CA, USA).

Differences in food group intakes between the FFQ and WFR
and repeated Food4Me FFQ were also examined. For this
purpose, food items in the Food4Me FFQ and 4-day WFR were
arranged into 35 food groups as per previous validation by
Forster et al [18]. SCC were calculated to assess the strength
of association between methods for estimated intakes of the 35
food groups. To assess the relative agreement between the
dietary methods and repeated FFQ for daily food group intake,
food groups were also cross-classified to estimate the percentage
of participants classified by the 2 methods into quartiles of exact
agreement, exact agreement plus adjacent, disagreement, and
extreme disagreement.

Results

Summary
A total of 121 participants were screened for inclusion in the
study, of which 113 were deemed eligible. Reasons for exclusion
included self-diagnosed food intolerance (n=7) and medication
use (n=1). Before completion, 10 participants dropped out of
the study and a further 3 were excluded from analysis due to a
reported energy intake >4500 kcal [26]. The final dataset for
analysis included 100 participants, of whom 49 had also
completed the 4-day WFR, as illustrated in Figure 2. A total of
48 participants completed the Diet Record Usability-Rating
Questionnaire.
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Figure 2. Flow of participants through the study.

Overview of the Study Population
Self-reported demographic characteristics of the participants in
the reproducibility and validation study are shown in Table 1.

No significant differences were observed between age and body
mass index (BMI) for males and females. Participants who
completed the WFR (validation study) were, on average, 4.6
years younger than the participant group as a whole.
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Table 1. Demographic characteristics of the participants who completed the validation and reproducibility studies according to gender.

Demographic characteristics, mean (SD)NStudy

BMI (kg/m2)aAge (years)

Reproducibility

24.3 (3.1)30.1 (12.7)31Males

23.3 (3.3)32.1 (11.6)69Females

23.6 (3.3)31.5 (11.9)100All

Validation

23.1 (3.2)24.2 (7.6)15Males

22.2 (2.6)27.9 (8.6)34Females

22.5 (2.8)26.9 (8.4)49All

aBMI based on self-reported weight and height.

Reproducibility of the Food4Me FFQ

Comparison of Nutrient Intakes Between Repeated
Food4Me FFQ
Mean energy and nutrient intakes estimated by repeated
measures of the Food4Me FFQ (FFQ1 and FFQ2) are presented
in Table 2. Estimated energy intakes were significantly higher
in the first administration of the FFQ compared with the second
administration (difference=135 kcal/day, equivalent to 6.5%
higher, P<.05). With the exception of carbohydrate, no
significant differences were observed between macronutrient
and micronutrient intakes estimated by FFQ1 and FFQ2.
Overall, the Food4Me FFQ showed good reproducibility for
energy-adjusted nutrient intakes. A total of 16 participants were
found to underreport in both FFQ with a further 3 underreporting
in FFQ1 and 5 in FFQ2. The removal of underreporters from
both FFQ (n=24) did not impact on the reproducibility of the
questionnaire (data not shown).

Bland-Altman plots for estimates of energy (kcal), total fat (%
total energy, TE), protein (%TE) and carbohydrate (%TE)
intakes are shown in Figure 3. The Food4Me FFQ showed good
reproducibility for the estimation of daily protein intake, with
less than 5% of cases falling outside of the limits of agreement.
For energy and total fat intake, 6% of cases fell outside of the
limits of agreement and for carbohydrate 7%, indicating similar

reproducibility. The mean difference (bias) between energy
intakes was relatively small (135 kcal/day) with greater values
being estimated at FFQ1. Conversely, estimates of
energy-adjusted protein and total fat intake were higher at FFQ2
with biases of –0.22 %TE and –1.23 %TE, respectively. In
contrast with the energy-adjusted macronutrient intakes,
variation between estimates of energy increased with higher
mean energy intakes (Figure 3), suggesting poorer
reproducibility for those participants reporting higher energy
intakes.

Correlation coefficients for estimates of energy and nutrient
intakes between repeated administrations of the Food4Me FFQ
are shown in Table 3. Correlation coefficients ranged from .65
(vitamin D) to .90 (alcohol) with a mean value of .75.
Correlations were significant for all nutrients (P<.01). The
cross-classification of quartiles of mean estimated daily energy
and nutrient intakes between repeated administrations of the
Food4Me FFQ is also shown in Table 3. The percentage of
participants classified into quartiles of exact agreement ranged
from 45% (polyunsaturated fatty acids %TE) to 74% (vitamin
A retinol equivalents, RE). For classifications of exact
agreement plus adjacent, values were consistently high, ranging
from 87% (vitamin D) to 98% (vitamin A RE). The mean
percentage of participants classified into quartiles of
disagreement was 7% with less than 1% of participants on
average classified into extreme disagreement.
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Table 2. Mean daily energy and nutrient intakes estimated by repeated measures of the online Food4Me FFQ and general linear model (GLM) results
(N=100).

GLM analysis, PQuestionnaire, mean (SD)Nutrienta

Controlled for energy

and genderb
Controlled for energyFood4Me FFQ2Food4Me FFQ1

—.008c2088.8 (705.4)2223.8 (766.2)Energy (kcal)

.24.2482.0 (32.5)85.3 (33.8)Total fat (g)

.21.2135.1 (6.1)34.1 (4.9)Total fat (%TE)

.13.1332.2 (14.5)33.2 (14.2)SFA (g)

.23.2313.6 (3.0)13.2 (2.4)SFA (%TE)

.38.3830.6 (12.7)32.0 (13.4)MUFA (g)

.36.3613.1 (2.8)12.8 (2.5)MUFA (%TE)

.98.9113.7 (5.3)14.4 (5.6)PUFA (g)

.62.486.0 (1.5)5.8 (1.27)PUFA (%TE)

.92.921.61 (0.66)1.70 (0.71)Omega 3 (g)

.70.7084.4 (30.8)90.6 (35.2)Protein (g)

.84.8416.4 (4.5)16.3 (2.8)Protein (%TE)

.03.06238.6 (89.6)263.9 (87.6)Carbohydrate (g)

.03.0543.1 (7.9)45.1 (6.5)Carbohydrate (%TE)

.79.65115.9 (56.1)125.6 (49.3)Total sugars (g)

.32.3120.6 (5.8)21.4 (5.8)Total sugars (%TE)

.60.6112.8 (15.7)12.9 (16.2)Alcohol (g)

.64.591008.0 (416.5)1085.0 (378.1)Calcium (mg)

.43.43335.9 (416.5)361.0 (120.0)Total folate (µg)

.05.0513.4 (4.3)14.9 (5.3)Iron (mg)

.60.435482.1 (3645.2)6209.6 (4590.8)Total carotene (µg)

.98.872.11 (0.89)2.24 (0.80)Riboflavin (mg)

.76.762.91 (3.33)2.87 (2.80)Thiamin (mg)

.31.312.35 (0.78)2.54 (0.86)Vitamin B6 (mg)

.64.646.72 (3.60)7.32 (3.57)Vitamin B12 (µg)

.51.42153.8 (74.7)167.8 (82.5)Vitamin C (mg)

.79.791057.8 (907.9)1160.9 (1015.8)Vitamin A RE (µg)

.99.99470.1 (400.5)502.9 (408.0)Retinol (µg)

.38.483.51 (1.90)3.89 (2.39)Vitamin D (µg)

.29.399.77 (3.86)10.61 (4.05)Vitamin E (mg)

.97.975.92 (2.24)6.30 (2.70)Salt (g)

aMUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; RE: retinol equivalents; SFA: saturated fatty acids; TE: total energy.
bControlled for gender where appropriate. No significant interactions were observed between method and gender.
cP value derived using 2-samples paired t test.
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Table 3. Unadjusted correlation coefficients and cross-classification of quartiles of mean energy and nutrient intakes derived from repeat measures of
the online Food4Me FFQ (N=100).

Quartiles, %CorrelationbNutrienta

Extreme disagreementfDisagreementeExact agreement plus ad-

jacentd
Exact agreementc

199057.77gEnergy (kcal)

089264.81Total fat (g)

279156.72Total fat (%TE)

099160.81SFA (g)

0128846.70SFA (%TE)

049651.80MUFA (g)

1108953.70MUFA (%TE)

239551.78PUFA (g)

269245.68PUFA (%TE)

099158.78Omega 3 (g)

0128856.80Protein (g)

079359.73Protein (%TE)

049653.74Carbohydrate (g)

298962.73Carbohydrate (%TE)

249466.77Total sugars (g)

1118861.69Total sugars (%TE)

049670.90Alcohol (g)

179255.73Calcium (mg)

169353.74Total folate (µg)

149553.75Iron (mg)

0109060.76Total carotene (µg)

289056.73Riboflavin (mg)

369151.71Thiamin (mg)

1108956.72Vitamin B6 (mg)

059564.73Vitamin B12 (µg)

059560.72Vitamin C (mg)

029874.90Vitamin A (RE) (µg)

379050.67Retinol (µg)

1128752.65Vitamin D (µg)

279156.75Vitamin E (mg)

289057.78Salt (g)

aMUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; RE: retinol equivalents; SFA: saturated fatty acids; TE: total energy.
bCorrelation is significant at the .01 level (2-tailed) for all nutrients analyzed.
cExact agreement, % of cases cross-classified into the same quartile.
dExact agreement plus adjacent, % of cases cross-classified into the same or adjacent quartile.
eDisagreement, % of cases cross-classified 2 quartiles apart.
fExtreme disagreement, % of cases cross-classified into extreme quartiles.
gPearson correlation.
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Figure 3. Reproducibility study Bland-Altman plots for (a) energy, (b) total fat, (c) protein, and (d) carbohydrate with the mean difference and limits
of agreement. The solid line represents the mean difference and the dotted lines represent the limits of agreement.

Comparison of Food Group Intakes Between Repeated
Food4Me FFQ
To assess differences in food group intake between repeated
administrations of the online Food4Me FFQ, food items were
categorized into 35 food groups. Correlation coefficients and
cross-classification of mean food group intakes are presented
in Table 4. SCC ranged from .55 (tinned fruit or vegetables) to
.92 (alcoholic beverages) with a mean value of .75. Correlations

were significant for all food groups (P<.01). The percentage of
participants classified into quartiles of exact agreement ranged
from 46% (fats and oils) to 86% (tinned fruit or vegetables).
For classifications of exact agreement plus adjacent values were
consistently high, ranging from 81% (eggs and egg dishes) to
99% (alcoholic beverages). The mean percentage of participants
classified into quartiles of disagreement was 7% and for extreme
disagreement was 1%.
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Table 4. Spearman correlation coefficients (SCC) and cross-classification of quartiles of food group intake derived from repeat measures of the online
Food4Me FFQ (n=100).

Quartile, %SCCaFood group

Extreme disagree-

mente
DisagreementdExact agreement

plus adjacentc
Exact agreementb

089256.78Rice, pasta, grains and starches

298952.70Savories (lasagne, pizza)

069462.83White bread (rolls, tortillas, crackers)

189160.77Wholemeal, brown breads, and rolls

049667.90Breakfast cereals and porridge

3118648.56Biscuits

3108752.64Cakes, pastries and buns

279149.74Milk

2118752.66Cheeses

129758.79Yogurts

249455.77Ice cream, creams and desserts

3168156.69Eggs and egg dishes

388946.64Fats and oils (eg, butter, low-fat spreads,
hard cooking fats)

598651.61Potatoes and potato dishes

1128757.61Chipped, fried & roasted potatoes

179262.75Peas, beans and lentils and vegetable and
pulse dishes

169354.76Green vegetables

289054.68Carrots

269258.77Salad vegetables (eg, lettuce)

129756.85Other vegetables (eg, onions)

0148686.55Tinned fruit or vegetables

059560.81Bananas

039761.86Other fruits (eg, apples, pears, oranges)

3138468.77Nuts and seeds, herbs and spices

059557.84Fish and fish products/dishes

039773.88Bacon and ham

199067.74Red meat (eg, beef, veal, lamb, pork)

169354.75Poultry (chicken and turkey)

079362.85Meat products (eg, burgers, sausages, pies,
processed meats)

019971.92Alcoholic beverages

069480.78Sugars, syrups, preserves, and sweeteners

089252.73Confectionary and savory snacks

289059.69Soups, sauces, and miscellaneous foods

139669.85Teas and coffees

149554.75Other beverages (eg, fruit juices, carbonat-
ed beverages, squash)

aCorrelation is significant at the .01 level (2-tailed) for all nutrients analyzed.
bExact agreement, % of case cross-classified into the same quartile.
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cExact agreement plus adjacent, % of cases cross-classified into the same or adjacent quartile.
dDisagreement, % of cases cross-classified 2 quartiles apart.
eExtreme disagreement, % of cases cross-classified into extreme quartiles.

Validation of the Food4Me FFQ

Comparison of Nutrient Intakes Between the Food4Me
FFQ and 4-Day WFR
Mean energy and nutrient intakes estimated by the 4-day WFR
and Food4Me FFQ (FFQ1) are presented in Table 5. There were

no significant differences between estimates of energy intake.
However, when underreporters had been removed (n=19), a
significant difference in intake was observed (P<.05) (Table 5).
In total, 12 participants underreported in the 4-day WFR and
15 underreported in the Food4Me FFQ1, with 8 of these
underreporting in both methods.

Table 5. Mean daily energy and nutrient intakes estimated by online Food4Me FFQ and 4-day WFR and general linear model (GLM) results (n=49).

GLM analysis, PQuestionnaire, mean (SD)Nutrienta

Controlled for energy and

genderb
Controlled for energy4-day WFRFood4Me FFQ1

—.11c1936.9 (505.8)2115.2 (809.1)Energy (kcal)

.10.1068.6 (22.2)79.6 (36.2)Total fat (g)

.13.1331.6 (5.1)33.1 (4.5)Total fat (%TE)

<.001<.00124.3 (10.4)45.6 (15.6)SFA (g)

<.001<.00111.0 (2.9)13.1 (2.3)SFA (%TE)

<.001<.00121.4 (7.3)29.8 (4.5)MUFA (g)

<.001<.0019.8 (2.0)12.4 (2.6)MUFA (%TE)

.12.1210.7 (4.6)12.7 (4.9)PUFA (g)

.10.104.97 (1.6)5.44 (0.9)PUFA (%TE)

.31.3177.2 (21.4)87.2 (36.0)Protein (g)

.40.4016.1 (2.6)16.5 (2.9)Protein (%TE)

.20.20248.3 (54.9)253.4 (94.1)Carbohydrate (g)

.01.0148.9 (6.5)45.6 (6.6)Carbohydrate (%TE)

.18.18102.8 (37.8)119.1 (46.7)Total sugars (g)

.25.2520.1 (6.2)21.5 (5.5)Total sugars (%TE)

.50.5011.6 (22.2)13.0 (14.5)Alcohol (g)

.001.003865.8 (285.5)1043.8 (386.8)Calcium (mg)

.11.05273.8 (139.5)337.6 (124.6)Total folate (µg)

.98.9813.0 (5.6)14.1 (5.4)Iron (mg)

.001.0012725.3 (2995.3)5011.4 (3321.2)Total carotene (µg)

.04.041.85 (0.82)2.27 (0.83)Riboflavin (mg)

.98.982.19 (3.26)2.22 (1.56)Thiamin (mg)

.06.062.09 (0.70)2.44 (0.83)Vitamin B6 (mg)

<.001<.0014.63 (2.16)6.85 (3.31)Vitamin B12 (µg)

.05.02106.6 (73.1)148.2 (77.0)Vitamin C (mg)

.001.001236.2 (137.7)426.1 (330.3)Retinol (µg)

.049.0492.55 (1.61)3.47 (2.15)Vitamin D (µg)

.13.137.84 (2.77)9.11 (3.36)Vitamin E (mg)

<.001<.0016.48 (2.1)5.91 (2.7)Salt (g)

aMUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; RE: retinol equivalents; SFA: saturated fatty acids; TE: total energy.
bControlled for gender where appropriate. No significant interactions were observed between method and gender.
cP value derived using 2-samples paired t test.
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After controlling for energy, estimated intakes of macronutrients
were similar for both the WFR and the Food4Me FFQ with no
significant differences between intakes of total fat (g, TE),
polyunsaturated fatty acids (PUFA g, %TE), protein (g, %TE),
carbohydrate (g), and total sugars (g, %TE) (Table 5). However,
estimated intakes of saturated fatty acids (SFA) (g, %TE) and
monounsaturated fatty acids (MUFA) (g, %TE) were
significantly higher (P<.001), and estimated intake of
carbohydrate (%TE) was significantly lower (P=.01), for the
FFQ than for the WFR. For micronutrients, no significant
differences were observed between energy-controlled estimates
of folate, iron, thiamin, vitamin B6, and vitamin E. Estimated
intakes of calcium, total carotene, riboflavin, vitamin B12,
vitamin C, retinol, and vitamin D intakes were significantly
different between 4-day WFR and FFQ1 (all were higher for
the FFQ). After controlling for energy and, where appropriate,
gender, vitamin C intakes were no longer significantly different.
Removing underreporters from the dataset reduced the
agreement between the 2 methods for folate, vitamin B6, and
vitamin E, but improved agreement for energy-controlled
carbohydrate and vitamin D, with no significant differences
observed between estimates of these nutrients (data not shown).

Bland-Altman plots for mean energy (kcal), total fat (%TE),
protein (%TE) and carbohydrate (%TE) for the 4-day WFR and

FFQ1 are shown in Figure 4. Overall, less than 5% of cases fell
outside of the limits of agreement for all plots indicating good
agreement between the methods. The mean difference (bias)
between energy intakes was relatively small (178 kcal/day) with
greater values being estimated in the Food4Me FFQ, as was the
case for energy derived from total fat and protein.

Correlation coefficients for estimates of energy and nutrient
intakes and cross-classification of quartiles of mean daily intakes
between 4-day WFR and FFQ1 are presented in Table 6.
Correlation coefficients ranged from .23 (vitamin D) to .65
(protein, %TE) with a mean value of .47. Correlation was
significant for the majority of nutrients at the P<.01 level, with
the exception of total fat (%TE), PUFA (%TE), and vitamin D.
Retinol and vitamin E showed significant correlation at the
P<.05 level. The percentage of participants classified into
quartiles of exact agreement ranged from 22% (total fat, %TE)
to 53% (MUFA, g). For classifications of exact agreement plus
adjacent, values were consistently high, ranging from 65%
(sodium) to 88% (total fat, g, and total sugars, g, %TE). The
mean percentage of participants classified into quartiles of
disagreement was 16% with less than 4% of participants
classified into extreme disagreement.
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Table 6. Unadjusted correlation coefficients and cross-classification of quartiles of mean energy and nutrient intakes derived from the online Food4Me
FFQ and 4-day WFR (n=49).

Quartiles, %CorrelationNutrienta

Extreme disagreementeDisagreementdExact agreement plus adja-

centc
Exact agreementb

2128441.53f,hEnergy (kcal)

2108837.56hTotal fat (g)

8167622.27Total fat (%TE)

4148237.48hSFA (g)

8147824.38f,hSFA (%TE)

868653.56hMUFA (g)

688647.45hMUFA (%TE)

2227649.45hPUFA (g)

4247127.24PUFA (%TE)

4148445.59hProtein (g)

0148645.65f,hProtein (%TE)

8108237.43f,hCarbohydrate (g)

0188249.59f,hCarbohydrate (%TE)

2108841.60f,hTotal sugars (g)

2108845.61f,hTotal sugars (%TE)

4168045.61hAlcohol (g)

0177341.47f,hCalcium (mg)

4108645.58hTotal folate (µg)

4148241.50hIron (mg)

4187833.42hTotal carotene (µg)

2148445.50hRiboflavin (mg)

2168243.60hThiamin (mg)

2207837.44hVitamin B6 (mg)

2207839.46hVitamin B12 (µg)

2148437.54hVitamin C (mg)

6187637.31gRetinol (µg)

6276727.23Vitamin D (µg)

8147833.30gVitamin E (mg)

4316549.37hSodium (mg)

4316549.37hSalt (g)

aMUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; RE: retinol equivalents; SFA: saturated fatty acids; TE: total energy.
bExact agreement, % of cases cross-classified into the same quartile.
cExact agreement plus adjacent, % of cases cross-classified into the same or adjacent quartile.
dDisagreement, % of cases cross-classified 2 quartiles apart.
eExtreme disagreement, % of cases cross-classified into extreme quartiles.
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fPearson correlation.
gP<.05.
hP<.01.

Figure 4. Validation study Bland-Altman plots for (a) energy, (b) total fat, (c) protein, and (d) carbohydrate with the mean difference and limits of
agreement. The solid line represents the mean difference and the dotted lines represent the limits of agreement.

Comparison of Food Group Intakes Between the
Food4Me FFQ and 4-Day WFR
To assess differences in food group intakes between 4-day WFR
and FFQ1, food items were categorized into 35 food groups.
Correlation coefficients and cross-classification of mean food
group intakes are presented in Table 7. SCC ranged widely from
.11 (soups, sauces and miscellaneous foods) to .73 (yogurts)
with a mean value of .2. Correlations were significant for the
63% of food groups (22 of 35).

The percentage of participants classified into quartiles of exact
agreement ranged from 18% (nuts and seeds, herbs and spices)
to 55% (teas and coffees). For classifications of exact agreement
plus adjacent, values were high ranging from 55% (soups, sauces
and miscellaneous foods) to 90% (milk, chipped, fried and roast
potatoes, teas and coffees, and other beverages) with a mean of
78%. The mean percentage of participants classified into
quartiles of disagreement was 17% and for extreme
disagreement was 5%.
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Table 7. Spearman correlation coefficients (SCC) and cross-classification of quartiles of food group intake derived from the online Food4Me FFQ and
4-day WFR (n=49).

Quartiles, %SCCFood group

Extreme disagree-

mentd
DisagreementcExact agreement

plus adjacentb
Exact agreementa

4227345.34eRice, pasta, grains and starches

2227622.16Savories (lasagne, pizza)

4227342.46fWhite bread (rolls, tortillas, crackers)

6296531.33eWholemeal and brown breads and rolls

8147831.27Breakfast cereals and porridge

6167841.47fBiscuits

8187331.31eCakes, pastries and buns

289051.68fMilk

4148241.46fCheeses

049643.73fYogurts

4187835.21Ice cream, creams and desserts

4207643.55fEggs and egg dishes

8128035.35e
Fats and oils (eg, butter, low-fat spreads,
hard cooking fats)

8207131.38fPotatoes and potato dishes

289039.52fChipped, fried and roasted potatoes

8167624.23Peas, beans and lentils and vegetable and
pulse dishes

4108637.44fGreen vegetables

2168220.14Carrots

12186939.23Salad vegetables (eg, lettuce)

16107341.15Other vegetables (eg, onions)

6227129.16Tinned fruit or vegetables

0208029.45fBananas

2227649.47fOther fruits (eg, apples, pears, oranges)

8147818.23Nuts and seeds, herbs and spices

2168249.60fFish and fish products/dishes

0168439.53fBacon and ham

4168043.26Red meat (eg, beef, veal, lamb, pork)

4108645.58fPoultry (chicken and turkey)

0227827.20Meat products (eg, burgers, sausages, pies,
processed meats)

4227343.59fAlcoholic beverages

8167637.36fSugars, syrups, preserves and sweeteners

6227129.25Confectionary and savory snacks

14315524.11Soups, sauces and miscellaneous foods

469055.62fTeas and coffees
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Quartiles, %SCCFood group

Extreme disagree-

mentd
DisagreementcExact agreement

plus adjacentb
Exact agreementa

289043.66f
Other beverages (eg, fruit juices, carbonat-
ed beverages, squash)

aExact agreement, % of case cross-classified into the same quartile.
bExact agreement plus adjacent, % of cases cross-classified into the same or adjacent quartile.
cDisagreement, % of cases cross-classified 2 quartiles apart.
dExtreme disagreement, % of cases cross-classified into extreme quartiles.
eP<.05.
fP<.01.

Usability Rating
Mean values and standard deviations for responses to the dietary
record usability-rating questionnaire are shown in Table 8.

The Food4Me FFQ was considered significantly easier and less
time consuming to complete than the 4-day WFR. However,
the 4-day WFR was rated as significantly more interesting than
the Food4Me FFQ, making participants reflect more on their
food intake. Participants were more willing to complete further
Food4Me FFQ than 4-day WFR.

Table 8. Responses to Dietary Record Usability-Rating Questionnaire (n=48).

P valuebQuestionnairea, mean (SD)Question

4-day WFRFood4Me FFQ

<.0012.13 (0.88)1.89 (0.71)1. Easy to complete

<.0013.00 (0.94)3.43 (1.09)2. Too time consuming

.0062.07 (0.72)2.20 (0.69)3. Interesting to complete

.0021.89 (0.77)2.13 (0.58)4. Made me reflect on my intake

<.0012.07 (0.77)1.78 (0.70)5. I would be willing to complete more

a1=strongly agree, 2=agree, 3=neither agree nor disagree, 4=disagree, 5=strongly disagree.
bP value derived using 2-samples paired t test.

Discussion

Main Findings and Comparisons With Other Work
Previous validation of the Food4Me FFQ has demonstrated
good agreement with the printed EPIC-Norfolk FFQ for the
estimation of food and nutrient intake. In this study, participants
were asked to complete the Food4Me and EPIC-Norfolk FFQ
in a random order, 4 weeks apart. Good agreement between
cross-classifications of daily energy and nutrient intakes,
estimated using the 2 FFQ, demonstrated the utility of the
Food4Me FFQ for ranking individuals based on their nutrient
intake. However, it was noted that further testing of the
Food4Me FFQ was required to establish its wider utility [18].
The present study thus aimed to demonstrate the reproducibility
of the Food4Me FFQ and its validity against a 4-day WFR.

Overall, the Food4Me FFQ demonstrated good reproducibility
for the estimation of intakes of nutrients and food groups.
Reported energy intakes were significantly lower with the
second administration of the Food4Me FFQ, but correlations
between energy intakes were high (r=.77). Correlation
coefficients for nutrient intakes ranged from .65-.90, showing
above-average performance compared with the range of .50-.80
proposed by Willet [15]. The mean unadjusted correlation
coefficient (r=.75) for energy and nutrient intake compared well

with previous studies on both computerized [21,30-31] and
non-Web-based FFQ [23,32-35]. Associations between food
group intakes were similarly strong with an average unadjusted
SCC of .75; previous studies have reported correlations of .66
and .72 [36-37]. Cross-classification analysis of repeated
measures of intakes of energy, nutrients, and food groups
indicated a high level of reproducibility with classification into
quartiles of exact agreement plus adjacent averaging 92% for
energy and nutrient intake and for food group intakes.
Cross-classifications were within the range reported by previous
studies [21,32,38]. Bland-Altman plots demonstrated a good
level of reproducibility for energy-controlled total fat, protein,
and carbohydrate intake, which reinforces evidence for the
reliability of the Food4Me FFQ.

Estimated energy and nutrient intakes were higher on the first
administration of the Food4Me FFQ than on the second
administration. This pattern has been observed in numerous
other reproducibility studies [21,31-32], and is proposed to
result from learning effects and questionnaire fatigue [39]. The
above-average reproducibility of the Food4Me FFQ could be
attributed to the addition of food photographs to the FFQ for
the estimation of portion size intake. Use of tools that allow
participants to report their own portion sizes tend to report
higher correlation coefficients between repeat administrations
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[19]. The relatively short interval between repeat administrations
of the FFQ is another factor likely to have contributed to the
questionnaire’s good performance. Tsubono et al [40] found
that correlation coefficients tended to be lower when FFQ were
repeated after a long time interval (6 months to 1 year) compared
with a shorter time interval (1 to 6 months), and proposed that
the temporal difference may be due to changes in dietary habits
which are more likely to occur with longer time intervals. In
addition, it has also been suggested that for very short time
intervals between administrations, respondents may remember
and replicate their entries rather than reporting their diet intake
accurately [23]. However, with a large FFQ containing 157 food
items, as used in the present study, it is unlikely that many
participants would be able to remember their earlier responses.

The degree of underreporting between the Food4Me FFQ and
4-day WFR varied, with 12 (24%) and 15 (15%) participants
deemed to be underreporting in the 4-day WFR and Food4Me
FFQ, respectively. Given that the WFR is described as the gold
standard for assessing intake, our observation that estimates of
energy intake were similar between the Food4Me FFQ and the
4-day WFR and that a smaller proportion of participants
appeared to underreport with the Food4Me FFQ suggests that
the Food4Me FFQ is a promising tool for estimating habitual
food intake.

Overall, the results of the validation study showed moderate
agreement between the Food4Me FFQ and 4-day WFR for the
estimation of energy and nutrient intake. Ranks of energy and
nutrient intake estimated using the Food4Me FFQ were highly
comparable to the 4-day WFR with the percentage of individuals
classified into quartiles of exact agreement and exact agreement
plus adjacent averaging 40% and 80%, respectively. Previous
studies comparing FFQ with food records have reported average
exact agreement classifications between 34% and 49%
[32,38,41] and exact agreement plus adjacent quartile
classifications of 77% [21]. Estimates of intake showing
disagreement between measurement tools in the present study
were small and were comparable with the aforementioned
studies. Cross-classifications of estimates of food group intake
were similar to that of the nutrients, with classification into
quartiles of exact agreement plus adjacent averaging 78% and
Bland-Altman plots demonstrated good agreement between the
2 methods for estimates of energy and energy-adjusted
macronutrient intakes.

In the present study, 22 of 30 nutrients assessed had a correlation
coefficient greater than the .4 threshold that was proposed by
Cade at al. [23], and 13 of 30 achieved a correlation greater than
or equal to the “desirable” .5 proposed by Masson et al [42].
The average unadjusted correlation coefficient of .47 compared
favorably with the range reported by similar validation studies
comparing FFQ with food records: .34-.46 [31-32,34,41]. SCC
for food group intakes were highly variable, ranging from .11
(soups, sauces and miscellaneous foods) to .73 (yogurts), with
a mean value of .2. Similar studies have reported correlations
ranging from .09 to .83 [37], .17 to .95 [36], and .09 to .58 [41]
with mean values of .38, .63, and .58, respectively. However,
it is difficult to compare results from these studies because the
type of food records and time intervals between dietary
assessments differed substantially and there may be substantial

differences in the food items included in particular food groups
in each of the studies. Variation between Food4Me FFQ and
4-day WFR estimates were greatest for soups, sauces and
spreads, carrots, other fruit and vegetables, and tinned fruit and
vegetables. It is possible that intakes of these foods might have
been overestimated in the Food4Me FFQ, as has been observed
previously when several food items within a food group are
listed separately in a questionnaire (eg, carrots could be counted
under both fresh and tinned carrots and under tinned vegetables)
[43]. In addition, foods perceived as healthy, such as fruit and
vegetables, are prone to overestimation in FFQ. Furthermore,
because they refer to just 4 days’ intake, WFR provide a limited
snapshot of an individual’s diet only and are less able to assess
patterns of dietary intake than the Food4Me FFQ, which
attempts to capture intakes over the previous month. It is thought
that individuals may be able to more accurately estimate the
consumption of some foods (eg, alcoholic beverages) than
others, as was the case in the present study [21,44]. Alcohol is
often considered a confounder in nutrition research given that
it constitutes the difference between food and total dietary
energy intake; therefore, it is important that it is estimated
reliably using the Food4Me FFQ. It is also encouraging that
estimates of fish products were well correlated, as these foods
are eaten less frequently and may be prone to
underrepresentation in 4-day WFR. However, it is surprising
that some more commonly consumed foods such as breakfast
cereals and porridge show much weaker correlation (r=.27).

Our observation that participants in the present study reported
that the Food4Me FFQ was easier to use and less time
consuming compared with the 4-day WFR, is promising given
the movement of health service delivery toward Web-based
interventions. Moreover, completion of the Food4Me FFQ was
associated with less reflection by participants on their dietary
intake, which is known to influence eating behavior. Minimizing
the impact of a questionnaire on dietary behavior is beneficial
in nutrition intervention studies to ensure that study outcomes
are not biased by the methods used for dietary assessment.

Strengths and Limitations
Strengths of the present study include the comparison of the
Food4Me FFQ with the gold standard, a WFR, and the use of
multiple methods to assess the validation and reproducibility
of the Food4Me FFQ. In addition, this validation study had an
adequate sample size [15] similar to those used in previous
studies [30,45-46]. It should be noted that the validation of the
Food4Me FFQ was assessed in a convenient rather than a
nationally representative sample of the population, although the
inclusion/exclusion criteria used were the same as those intended
for the Food4Me study [16]. The use of a convenient university
population, with a potentially higher education level, may have
implications on the ability of the wider population to complete
the online Food4Me FFQ.

Limitations of the study include the use of those recruited first
to complete the 4-day WFR because these individuals may have
been more motivated to comply with the guidelines. A further
limitation is the use of nonconsecutive days in the 4-day WFR,
which may have resulted in participants making up food intake
on the days they do not record (eg, eating healthy for the record
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days and overconsuming between record days). However,
nonconsecutive recording does have the advantage of capturing
a greater diversity of food intake over a week’s period.

A potential criticism of the assessment of reproducibility is the
short duration between repeated measures. It has been suggested
that for very short time intervals, respondents may remember
and replicate their entries rather than accurately reporting their
dietary intake [23], but this is unlikely to be a significant
problem in the present study where the Food4Me FFQ contained
157 food items. Remembering their responses to such a long
list of questions after a period of 4 weeks is a memory challenge
beyond most people’s abilities. The average reported correlation
coefficient for crude total fat intake using FFQs repeated after
1 month or less was .68 [19], which compares very favorably

with the correlation coefficient of .81 in the present study,
showing above-average performance for the Food4Me FFQ.
Cade et al [23] suggested that the time interval between repeated
measures using a dietary instrument should be chosen to
minimize changes in dietary intake and our use of 4 weeks fits
that criterion.

Conclusions
In conclusion, the self-administered online Food4Me FFQ
demonstrates good reproducibility for the estimation of energy,
nutrient, and food group intakes and moderate agreement for
the assessment of energy and nutrient intakes when compared
with a 4-day WFR in an adult population. Consequently, the
online Food4Me FFQ was considered suitable for the assessment
of dietary intake in healthy adults.
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Abstract

Background: Massive open online courses (MOOCs) have become immensely popular in a short span of time. However, there
is very little research exploring MOOCs in the discipline of health and medicine.

Objective: We aim to provide a review of MOOCs related to health and medicine offered by various MOOC platforms in 2013,
by analyzing and comparing the various offerings, their target audience, typical length of course, and credentials offered. We
also discuss opportunities and challenges presented by MOOCs in health and medicine.

Methods: Health and medicine–related MOOCs were gathered using several methods to ensure the richness and completeness
of data. Identified MOOC platform websites were used to gather the lists of offerings. In parallel, these MOOC platforms were
contacted to access official data on their offerings. Two MOOC aggregator sites (Class Central and MOOC List) were also
consulted to gather data on MOOC offerings. Eligibility criteria were defined to concentrate on the courses that were offered in
2013 and primarily on the subject of health and medicine. All language translations in this paper were done using Google Translate.

Results: The search identified 225 courses, of which 98 were eligible for the review. Over half (58%, 57/98) of the MOOCs
considered were offered on the Coursera platform, and 94% (92/98) of all the MOOCs were offered in English. Universities
offered 90 MOOCs, and the John Hopkins University offered the largest number of MOOCs (12/90). Only three MOOCs were
offered by developing countries (China, West Indies, and Saudi Arabia). The duration of MOOCs varied from 3-20 weeks with
an average length of 6.7 weeks. On average, MOOCs expected a participant to work on the material for 4.2 hours a week. Verified
certificates were offered by 14 MOOCs, while three others offered other professional recognition.

Conclusions: The review presents evidence to suggest that MOOCs can be used as a way to provide continuous medical
education. It also shows the potential of MOOCs as a means of increasing health literacy among the public.

(J Med Internet Res 2014;16(8):e191)   doi:10.2196/jmir.3439
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Introduction

Background
Massive open online courses (MOOCs) are a recent innovative
addition to the online learning landscape. They are online
courses that are accessible through the Web and open to
registration generally without limits on numbers or prerequisites.
The course registration and course materials are free of charge,
although in some courses one can pay to obtain a certificate of
participation or verified certificate (for credit). These courses
have start and end dates, but even after the start date, registration
is often kept open unlike traditional online courses that close
registration at the start of the course. MOOCs carry great
potential to reach large numbers of learners from across the
world as they can be accessed by anyone anywhere in the world
as long as they have Internet access, computer literacy, and
language proficiency.

Brief History
“Connectivism and Connective Knowledge” (CCK08), an online
course facilitated by George Siemens and Stephen Downes, in
2008, offered through the Learning Technologies Centre and
Extended Education at the University of Manitoba [1], is
considered the first MOOC [2]. This online course had around
2200 non-credit, non-fee paying students along with 25 paid
enrollments (for credit). Unlike traditional online courses that
rely primarily on resources posted by the facilitators through a
learning management system, this course was conducted
according to the principles of connectivism [3], encouraging
learning through a network (peer learning) across multiple
learning spaces.

Within a short time, MOOCs have attracted wide interest from
educators, learners, businesses, media, and the general public.
Many prominent universities are now offering their courses as
MOOCs. For example, Massachusetts Institute of Technology,
Harvard University, Berkeley University of California, and the
University of Texas offer MOOCs through the MOOC platform
edX. There have also been for-profit ventures such as the
Coursera MOOC platform, which partners with over 100
institutions (108 as of March 19, 2014) from around the world.

In some MOOCs, there are hundreds of thousands of
enrollments. However, not all students enrolled return for the
course and only a small number of them finish all parts of the
course [2]. Given the nature of the courses, where participation
is voluntary and no financial commitments are made up front,
is the number of students who complete the course a concern?
If the aim of a MOOC is to provide the opportunity or access
to learn from high-quality courses (taught by the experts in the
field from world class universities), then the numbers completing
the course should not be of prime concern [4]. On the other
hand, if the aim were to get everyone registered through to the
end, similar to a traditional higher educational institution where
a student failing to complete within a given timeframe could
adversely affect the university’s profile, family, student, and
lecturers [5], these completion rates would be a disaster. The
problem here could be the use of traditional metrics in this
non-traditional or disruptive form of educational provision.
However, more evidence-based research may reveal the true

nature of MOOCs and possibly better ways of understanding
and evaluating them.

Although the MOOC revolution began in North America, it has
now spread to universities and institutions in many parts of the
developed world. For example, in 2013, the UK MOOC
platform, FutureLearn, started offering courses. Initially MOOCs
were offered in English, but today there are many MOOCs
offered in various languages including Chinese, Arabic, Spanish,
and French. For example, in 2012, a Spanish MOOC platform
Miriada X was founded, and in 2013, the platform Rawq started
offering courses in Arabic. Similarly, XuetangX was created to
offer courses in Chinese. However, English remains the
dominant language in MOOC provision.

Pedagogy
MOOCs, like other online courses, use a variety of learning
materials including videos, documents, and quizzes. At present,
MOOCs are mainly classified according to their pedagogical
position: connectivist MOOCs (cMOOCs) and “MOOC as
eXtension of something else” (xMOOCs) [6]. cMOOCs harness
the strength of networks and peer learning generally using
multiple learning spaces. Participants in cMOOCs are likely to
find a lot of emphasis on participants’ stories and learning from
them (eg, Rhizomatic Learning: The community is the
curriculum on P2PUniversity) than on the learning materials
provided by the instructor or course designer. On the other hand,
xMOOCs seems to have a more individualist learning approach
[7] surrounding the course on a given MOOC platform. In
xMOOCs, learning and understanding the content provided in
the course is given priority. Original cMOOCs were based on
open education practices making their content available using
open licensing [8]. However, many xMOOCs offered in
platforms such as Coursera use copyrighted materials. However,
it is worthwhile noting that there is a continuum of possibilities
between these two distinct pedagogical positions.

MOOCs are offered in a wide range of subjects varying from
cell biology to astronomy. In this paper, we explore the courses
offered by major MOOC platforms on topics related to health
and medicine. Several methods were used to collect relevant
courses for the review: directly making contact with MOOC
platforms to get course data, accessing publicly available
information on MOOC platform websites, and using MOOC
aggregator sites. Data related to courses offered in 2013 that
were collected as earlier offerings lacked relevant details. The
paper provides a comprehensive review of MOOCs offered in
2013 in “Health and Medicine” or a related category.

Methods

Data Collection

Overview
In general, researchers use different methods to identify data to
be included in a review. For example, to collect papers (data)
for a systematic review of literature, researchers would search
in databases and/or search engines and chaining from known
sources [2]. Similarly, in collecting details of MOOCs offered
in topics related to health and medicine for this review, it was
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important to collect as complete a set of data as possible. A list
of MOOCs offered by various providers was not readily
available for analysis. Thus, in identifying relevant MOOCs, a
range of methods were used to obtain related information that
would form a more complete dataset for the analysis.

Platforms
With the growing popularity of MOOCs, there have been various
commercial and non-commercial organizations providing
platforms where MOOCs can be offered. Identification of such
MOOC platforms was carried out using the literature, news
items, and Web resources. LISTedTECH (a database of
educational companies, educational products, and educational
institutions that anyone can edit) lists 19 systems as MOOC
platforms as of December 19, 2013 [9]. Using news articles,
blogs, and other literature, nine additional MOOC platforms
that are in operation were identified. The total of 28 identified
MOOC platforms (see Multimedia Appendix 1) and their
offerings were considered in this review.

From December 17-21, 2013, each of these MOOC platforms’
websites were accessed to find the list of MOOCs offered by
each of them on topics relating to health and medicine. In
instances where the websites were in languages other than
English, Google Translate was used.

Official Records
In parallel, MOOC platform providers were contacted via email
to obtain official records when their websites did not have the
necessary information. Only five MOOC platform providers
(Canvas, iversity, Openlearning, Miriada X, and Crypt4you)
responded to this request with information while another MOOC
provider (Coursera) responded without the information.

Aggregators
The two MOOC aggregator sites Class Central [10] and MOOC
List [11] were also consulted to collect a list of MOOCs.

Eligibility

Free Courses
When platforms provided both paid-for and free courses (such
as Udemy), only free courses were considered. Courses offered
by University of Miami Global Academy required a US$90
non-refundable one-time registration fee upfront and a tuition
fee depending on the number of credits taken. Thus, courses
offered by this platform were not included in this review.

Subject
MOOCs listed under “Health and Medicine” or a related
category (such as Health Sciences on Miriada X, Health Science
on CourseSites, Health and Society on Coursera) were
considered. When MOOCs were not categorized (such as
OpenupEd and FutureLearn), the course title and where available
the course description were used to determine if it was related
to health and medicine (eg, “Improving your image: Dental
Photography in Practice” on FutureLearn).

MOOCs categorized under Psychology or Biology and Life
Sciences (or were predominantly on them) were not considered
in this analysis. MOOCs on veterinary sciences but categorized

under Health and Medicine (eg, “Canine Theriogenology for
Dog Enthusiasts” on Coursera) were also excluded. But when
the courses discussed animal health or diseases and their
impact/influence on human health, such as “Enfermedades
transfronterizas de los animals” (Animal transboundary diseases)
on Miriada X, they were included.

Start Date
The time period for the review was defined as January 1 to
December 31, 2013 (inclusive). MOOCs having a start date
within this period were considered for the review. Self-paced
MOOCs (that do not have a specified start date) were omitted.
This included 39 courses listed under Health and Medicine in
the Veduca platform, 10 courses listed under Health and Fitness
in the Udemy platform, and 44 courses listed under Health
Literacy on the ALISON platform, and four OpenupEd courses
(“Stress post-traumatic disorder: difficulties and debate in
making a diagnosis”, “Valutazione clinica e strumenti di
indagine nell'area traumatica”[Clinical assessment and survey
instruments in traumatic area], “Programmi e modelli di
intervento nelle situazioni traumatiche” [Programs and
intervention models in traumatic situations], and
“Anatomo-physiological bases of mental activity”). On the
Saylor platform, all courses are self-paced (the titles that seemed
relevant were categorized under Biology). The course “La
Seguridad del Paciente” (Patient Safety) on Miriada X had to
be discounted because the start date for the course could not be
established.

Class Central
We found 113 MOOCs related to health and medicine listed in
the MOOC aggregator site Class Central [10]. Under the
“Finished Courses” section, exactly 100 courses were listed,
while 13 were listed in the “Courses in Progress” section
(December 24, 2013). A number of courses were excluded for
a variety of reasons.

Five courses were excluded from “Courses in Progress”:

• “Exploring anatomy: the human abdomen” offered by the
University of Leeds on the FutureLearn platform had an
incorrect start date in 2013 instead of the correct start date
in 2014

• Three self-paced MOOCs (“The Basics of Exercise
Programs for Older Adults” on CourseSites, two Stanford
University offerings “Practical tips to improve Asian
American participation in cancer clinical trials”, and
“Antimicrobial Stewardship: Optimization of Antibiotic
Practices”, each 104 weeks long)

• “DEV: Water, Civilization, and Nature: Addressing 21st
Century Water Challenges” on CourseSites, which was a
self-paced course lacking relevance

We excluded 19 courses from “Finished Courses”:

• Nine courses offered in 2012
• Two courses without start dates (“Cardiac Arrest,

Hypothermia, and Resuscitation Science” and “Basic
Behavioral Neurology” offered by University of
Pennsylvania on Coursera).
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• Eight courses lacking relevance: “Marathon Training” and
“Safety Function & Action: Strategies for Disaster
Responders” on Canvas.net, “Critical Thinking in Global
Changes” offered by the University of Edinburgh, “Canine
Theriogenology for Dog Enthusiasts” offered by University
of Minnesota (2 instances), “Equine Nutrition” offered by
University of Edinburgh, “Growing Old Around the Globe”
offered by the University of Pennsylvania, and “Disaster
Preparedness” offered by the University of Pittsburgh on
Coursera

The “Understanding Dementia” MOOC was offered by
University of Tasmania on Desire2Learn. Desire2Learn was
not listed as a MOOC platform as it offered only proprietary
software for institutions. But the MOOC was included in the
review. Thus a list of 89 relevant MOOCs (out of 113 identified)
was obtained from the Class Central aggregator site.

MOOC List
Another MOOC aggregator site, MOOC List [11], listed details
of 54 MOOCs in 2013 under “Health and Society” and 45 under
“Medicine and Pharmacology” (January 3, 2014). Due to 19
overlapping courses in the two categories, the distinct course
count was 80. Out of these, 53 courses overlapped with the list

obtained through Class Central, which left a list of 27 new
courses. We further disregarded some courses:

• Four self-paced courses: “Bioethics” and “Make the
Strategic Case for Disability in the Workplace” on Canvas;
“Clinical Psychology” on Saylor and “Enseñanza en
consulta y medio hospitalario” (Education in consultation
and hospital environment) on CourseSites

• “Introduction to Pharmaceutical Manufacturing” offered
by Dublin Institute of Technology on CourseSites with a
November 25 start date could not be validated against the
MOOC list available from the official website (there was
a MOOC “So you want to work in the pharmaceutical
industry?... Next Steps” offered by Dublin Institute of
Technology on CourseSites and authors believe this entry
was thus erroneous)

• 13 courses lacking relevance

This led to nine entries (seven Coursera courses, a P2P
University course, and a course offered by Stanford University
VentureLab) from MOOC List being added to the Class Central
list (of 89 entries). Therefore, the total number of MOOCs
considered for this review is 98 (see Figure 1). The collection
of MOOCs included in the review is given in Multimedia
Appendix 2. The number of MOOCs from each platform
considered in this review is given in Table 1.
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Table 1. Number of MOOCs included in the review per platform.

Not considered for re-
view (n=127)

Considered for review
(n=98)

Excluded other
reasons (n=15)

Self-paced
(n=112)

Total found
(N=225)

Platform

4404444ALISON1

45229Canvas.net2

10578267Coursera3

471311CourseSites4

00Coursolve5

00Crypt4you6

25a27edX7

00France Universite Numerique8

1112FutureLearn9

00Galileo Education Systems10

11Rwaq11

00Iversity12

1415Miriada X13

11NovoEd14

1011OpenLearning15

1414Open2Study16

00OpenHPI17

4044OpenupEd18

11P2PUniversity19

7077Saylor20

00Skynet21

00Udacity22

1001010Udemy23

00uneopen.com24

00UKeU (not in operation)25

00University of Miami Global26

3903939Veduca27

00XuetangX28

11Stanford University VentureLab29

11University of Tasmania on Desire2Learn30

aA course offered by Stanford University in OpenEdX was also considered as edX.
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Figure 1. Flow diagram.

Results

Massive Open Online Course Platforms
Quantitative and qualitative analyses of the data were performed
using Microsoft Excel and NVivo software. The majority (58%,

57/98) of MOOCs related to health and medicine was offered
by Coursera (Figure 2) followed by Open2Study (Figure 3).
Full analysis of course offerings by platform/provider is shown
in Table 2.
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Table 2. MOOCs by platform/provider (n=98).

%nPlatform/provider

5857Coursera

1414Open2Study

77CourseSites

55Canvas

55edX

44Miriada X

11FutureLearn

11NovoEd

11P2PUniversity

11Rwaq

11University of Tasmania

11VentureLab

Figure 2. Coursera platform.
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Figure 3. Open2Study platform.

Language
The language breakdown of MOOCs related to health and
medicine shows that the vast majority of MOOCs, 94% (92/98),

were offered in English (Table 3). Four MOOCs were offered
in Spanish (Castilian) on Miriada X, while one MOOC each
was offered in Arabic on Rwaq and in Chinese on Coursera.

Table 3. MOOCs by language (n=98).

%nLanguage

9492English

44Spanish

11Arabic

11Chinese

Offering Institution
The highest number of MOOCs in this review were offered by
John Hopkins University (12) followed by University of
California (nine), University of Pennsylvania (seven), and Open
Universities Australia (six). Harvard University and the
University of Sheffield offered three MOOCs each.

Most of the MOOCs (90/98) in the review were offered by
universities. The large majority of these MOOCs, 70% (63/90)

were offered by North American universities. Out of these, only
two MOOCs were offered by Canadian universities (University
of Toronto). Universities in the other parts of the world offered
only a small number of MOOCs in health and medicine (Table
4). These MOOCs were offered by 14 universities (Table 5):
five in Australia, four in Spain, two in the United Kingdom,
one in each of the Republic of Ireland, Denmark, Switzerland,
the West Indies, and China. Also considering the “Introduction
to Psychiatry” MOOC offered on Rwaq, very few MOOCs
(3/98, 3%) were from developing countries.

Table 4. MOOCs by North American universities versus worldwide (n=90).

%n

7063North America

3027Other
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Table 5. MOOCs offered by universities outside North America (n=27).

MOOCs, nUniversity

6Open Universities Australia

3Dublin Institute of Technology

3University of Sheffield

2University of Copenhagen

2Flinders University

1The University of Melbourne

1University of Geneva

1Shanghai Jiao Tong University

1University of Birmingham

1Universidad De Murcia

1Universidad De Cantabria

1Universitat Plitecnica De Valencia

1CEU Universidad San Pablo

1University of Wollongong

1University of Tasmania

1St. George’s University, Grenada

Number of Instances
Many MOOCs have run only one instance within the considered
period. However, the MOOCs “Food, Nutrition and Your

Health” and “Introduction to Nursing in Healthcare” both
offered by Open2Study have both run six times. The MOOCs
that were offered more than once are listed in Table 6.

Table 6. MOOCs offered multiple times.

Instances, nPlatformMOOC

6Open2StudyFood, Nutrition and Your Health

6Open2StudyIntroduction to Nursing in Healthcare

3CourseraHealth for All through Primary Care

2CourseraContraception: Choices, Culture and Consequences

2CourseraThe Social Context of Mental Health and Illness

2CourseraGenes and the Human Condition (From Behavior to Biotechnology)

2CourseraNutrition for Health Promotion and Disease Prevention

2CourseraHealth Informatics in the Cloud

2CourseSitesSo you want to work in the Pharmaceutical Industry

Duration
The length of the MOOCs considered for the review varied from
3 weeks (“Introduction to Pharmaceutical Manufacturing
Technologies” and “So you want to work in the Pharmaceutical
Industry”, two instances) to 20 weeks (“International Health
Systems”) with a mode of 6 weeks (21 MOOCs) and average
length of 6.7 weeks. In calculating the duration of MOOCs,
only 96 MOOCs were considered as the duration of two MOOCs
could not be verified. Many MOOCs (75) were 8 weeks or less
in duration.

Time Commitment
Most MOOC descriptions (76) contained information on the
average time a participant was expected to work on the
materials. On average, the MOOCs expected a participant to
work on the material for 4.2 hours a week. The Stanford
University offering “HRP258: Statistics in Medicine” expected
the highest commitment of 8-12 hours per week. Most courses
(mode) expected 2-4 hours per week on the course.

Recognition
Some of the MOOCs considered in the review provided
certificates for successful participants. The terminology used
in different platforms to refer to certificates varied. For example,
in Coursera, a “statement of accomplishment” referred to the
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free certificate signed by the instructor or educator (professor),
while in edX a similar credential was referred to as an “honor
code certificate”. On Mirianda X, the free certificate was
referred to as “certificados de participación” (certificate of
participation) and the paid-for certificate was referred to as
“certificado de superación” (certificate of overcoming).

According to course descriptions, the Stanford University course
“HRP258: Statistics in Medicine” offered a certificate of
participation to students who obtained 60% or higher and a
certificate with distinction for participants obtaining 90% or
higher. Some MOOC descriptions specifically mentioned that
the awarded certificate does not carry credits. These were offered
by Emory University, the University of Melbourne, University
of Geneva, the College of St. Scholastica, and the University
of Pennsylvania.

Verified certificates were offered for some courses while some
others were eligible for continuous professional development

credit. John Hopkins University offered four courses with
verified certificates, while the University of Maryland and the
Georgia Institute of Technology each offered two courses with
verified certification. Other universities that offered verified
certification were the College of St. Scholastica, Duke
University, Vanderbilt University, HarvardX, CEU Universidad
San Pablo, and Universitat Politecnica de Valencia. Only three
courses offered other professional qualifications. Two courses
(“Care of Elders with Alzheimer’s Disease and other Major
Neurocognitive Disorders” and “Global Tuberculosis (TB)
Clinical Management and Research”) offered by John Hopkins
University were eligible for Continuing Nursing Education
(CNE) Credit while “Caries Management by Risk Assessment
(CAMBRA)” by University of California offered 12 units of
Continuing Dental Education credit for practicing dental
professionals and Continuing Medical Education (CME) Credit
for practicing physicians. The summary of certification types
offered in MOOC descriptions are shown in Table 7.

Table 7. Certification types on MOOC descriptions.

%anType of certification

9159Statement of accomplishment

85Statement of accomplishment mentioning no credit awarded

2214Verified certificates

53Other professional recognition

aThere were 65 MOOCs that offered at least one type of certification.

Prerequisites
Out of the considered courses, 59 course descriptions
specifically mentioned whether there were prerequisites or not
(Table 8). Some courses used “no prerequisites” or “all are
welcome” to describe that the course did not have prerequisites,

while some others (eg, “Training and Learning Programs for
Volunteer Community Health Workers”) mentioned “Some
background in community health programs is helpful but not
necessary” (these are categorized under “no prerequisite but
helpful background”).

Table 8. Prerequisites in MOOC descriptions (n=59).

%nPrerequisites

2917No prerequisites

2414No prerequisites but helpful background

4728With prerequisites

Qualitative Analysis
A word frequency analysis (in NVivo) of course titles (titles in
other language were translated using Google Translate) showed
that the word most frequently used was “Health” with 35

occurrences (Table 9). The next highest used word was
“Introduction” with 13 occurrences. Given that 31 MOOCs had
no prerequisites to join, this suggests that many courses offered
are introductory level.
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Table 9. Frequently used words in MOOC titles.

FrequencyWord

35Health

13Introduction

12Nutrition

10Health care

8Food

6Nursing

5Care

5Clinical

5Human

Target Groups
Only 16 courses specified the target audience for the course. A
word frequency analysis (in NVivo) of the audience specified
showed that the word most frequently used to define target
audience was “health” with 10 occurrences followed by the
word “professionals” with 8 occurrences.

Discussion

Health Inequality
This review of MOOCs offered in the area of health and
medicine during 2013 provides interesting insights, especially
the fact that out of the 98 MOOCs only two were offered by
universities in developing countries (“One Health One
Medicine” by St. George’s University, Grenada, West Indies,
and ‘Traditional Chinese Medicine and Chinese Culture” by
Shanghai Jiao Tong University, China). This is not unusual, as
to date the large majority of MOOCs are offered by institutes
in the developed countries. A contributor for this observation
specifically in health and medicine-related MOOCs could be
the advanced technologies used in prevention, detection, and
treatment in the health care systems of the developed countries
and their willingness to showcase the success. On the other
hand, it can also be an indicator of health inequality between
countries. None of the developing countries’ expertise, for
example in tropical diseases, is offered as MOOCs. It is noted
that open education resources (OERs) on tropical diseases
developed by subject experts in Malawi and Ghana from the
African Health OER Network [12] are used in the University
of Michigan’s medical programs [13]. Similar collaborations
with experts from developing countries/universities on MOOCs
may create MOOCs that would be of wider interest. The recent
edX partnership with Google to jointly develop the edX open
source learning platform perhaps will expand the availability
of the platform [14] to individuals and institutions.

Continued Medical Education
Volandes et al [15] argue that online video learning techniques
could empower both clinicians and patients. In fact, MOOCs
could well be used as a method for Continuing Medical
Education (CME). In this review, we found a number of MOOCs
that offered verified certification and counted credits toward
Continuing Nursing Education, Continuing Dental Education,

and CME. Hoy [16] shows that MOOCs can be a convenient
and economical method of CME, with the declining industry
funding for CME activities.

Medical Student Education
MOOCs can also provide education to students currently
undergoing training to become health professionals. For
example, the Coursera course “Clinical Terminology for
International and US Students” offered by University of
Pittsburgh is aimed at new students in the medical field. Courses
such as “Going out on a limb: Anatomy of the upper limb” on
Coursera by University of Pennsylvania can supplement
traditional medical education or perhaps could even be
considered as a “flipped-classroom” [17] experience where the
MOOC replaces the lecture and the contact hours with the
professor used for a more meaningful discussion.

Health Literacy
Health literacy is a broad concept with different definitions.
Here, we consider it to be “the degree to which people are able
to access, understand, appraise and communicate information
to engage with the demands of different health contexts in order
to promote and maintain good health across the life-course”
[18]. Health literacy, similar to literacy is of critical importance
for everyday living [19]. It is not just the ability to make sense
of health information but is also a strategy for citizenship and
empowerment [19,20]. In this information age, eHealth literacy,
or “the ability of people to use emerging information and
communications technologies to improve or enable health and
health care” [21], is becoming even more relevant.

Specialist information on subjects including health and medicine
is becoming widely available today. However, information
overload and the availability of unreliable information sources
on the Internet present a huge challenge for the general public
looking for information on a specific medical condition.
Availability of MOOCs (especially if the content is open) is
likely to help those who are seeking information. As the content
is offered by a reputed institution, it becomes easy to identify
it as an authentic and credible source.

Patient Education
MOOCs on health and medicine allow the general public to
acquire health education on very specialist topics. One potential
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area that can be targeted by health and medicine MOOCs is
patient education. For example, the MOOC “Care of Elders
with Alzheimer’s Disease and other Major Neurocognitive
Disorders” provides information to anyone who is interested in
knowing about Alzheimer’s disease. This MOOC welcomes
patients in early stages of the disease to help them understand
the implications of the disease. Participation in these MOOCs
is likely to inform patients of their condition and advanced
techniques and interventions that are available. It could, to some
extent, bridge the language gap (medical terminology) and
knowledge gap between patients and doctors. Thus patients
would be able to engage in a meaningful discussion with medical
professionals on the care they receive and other alternative
treatments.

However, in high power distance cultures, this enlightenment
of patients may not be well received by health care professionals.
In some instances, informed patients or carers may request
treatment not yet available in their contexts. On the other hand,
informing patients of possible treatments could facilitate medical
tourism for those who can afford it.

Educating the Public
MOOCs can also be used as a tool to educate the public on
important health issues. For instance, the Coursera MOOC
“Contraception: Choices, Culture and Consequences” offered
by University of California educates the public on the
importance of reproductive health. Such courses could help
people educate themselves without having to talk to a health
professional about family planning, which in some cultures is
taboo or discouraged by faith. Being able to access trustworthy
information through a MOOC could empower people who may
otherwise not know the options open to them.

Educating the masses on taboo topics such as “Drug Addiction”
could also be achieved with the use of MOOCs. MOOCs
generally operate entirely on online spaces; exceptions would
be MOOC participants from a locality meeting up for
discussions or MOOC participants seeking support from blended
provision such as Coursera Learning Hubs [22]. Because one
can project a persona in an online space that may differ to who
they are in real life, both patients with such conditions and others
who seek information can join in, if they wish, without revealing
their true identity.

However, suggesting that MOOCs may be a way to educate the
public assumes that other conditions for participation in a
MOOC (eg, access to technology, skills to use them, and
international language competency) are already met. But as
Liyanagunawardena, Williams, and Adams [23] show, at present
MOOCs may not reach a large proportion of people, especially
in developing areas of the world. Current data suggest that a
typical course registrant “is a male with a bachelor’s degree

who is 26 or older” [24], showing that MOOCs have not yet
reached universal accessibility.

Limitations
This review was conducted by collecting data from various
sources. However, as very few MOOC platforms provided
official data on their MOOC offerings, only the courses with
publicly available course details were used in the review.
Collection of data for the review using aggregator sites could
have the disadvantage of not including all MOOCs on offer,
especially foreign language offerings. By using two aggregator
sites and independently collecting data from MOOC platforms,
the possibility of this occurring was minimized. In collecting
MOOCs for the review, courses categorized under health and
medicine or related was considered. However, if a MOOC were
wrongly classified, it would not have been captured in the
review. In instances where the MOOCs were offered in
languages other than English, Google Translate was used to
translate the content. Had there been a translation error, it could
have affected the data collection process.

Conclusions
Massive open online courses (MOOCs) have become popular
within a short span of time, and there are dozens of providers
offering courses in a variety of subjects. Reviewing MOOCs
offered on “Health and Medicine” in 2013, we found that 94%
of them (92/98) were offered in English and the large majority
were offered by North American institutions. Only about 3%
of the MOOCs (3/98) were offered by institutions in the
developing world. Many courses offered were introductory
level. Some courses offered credit toward continuous
professional development of medical professionals and verified
certificates for a fee, while others offered a statement of
participation for successful participants.

There is potential to use MOOCs to educate health care
practitioners and students; for example, in continuous
professional development of health care professionals. Because
they can reach massive numbers across the globe, MOOCs can
provide an enormous boost in educating the public on health
and medicine, especially on taboo subjects such as acquired
immunodeficiency syndrome (AIDS), tuberculosis, and
contraception. However, in order to unleash this great potential
of MOOCs in educating masses around the globe on health and
wellbeing, there are various challenges to overcome (eg, access:
language access, physical access to technology, skills access to
use technology). Health literacy is a powerful tool that
empowers people, and MOOCs could be used to educate the
general public to increase their health literacy. The wide variety
of MOOCs on various subjects relating to health and medicine
offered in 2013 show a glimpse of what is achievable through
MOOCs in this discipline.
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Abstract

Background: PlayMancer is a video game designed to increase emotional regulation and reduce general impulsive behaviors,
by training to decrease arousal and improve decision-making and planning. We have previously demonstrated the usefulness of
PlayMancer in reducing impulsivity and improving emotional regulation in bulimia nervosa (BN) patients. However, whether
these improvements are actually translated into brain changes remains unclear.

Objective: The aim of this case study was to report on a 28-year-old Spanish woman with BN, and to examine changes in
physiological variables and brain activity after a combined treatment of video game therapy (VGT) and cognitive behavioral
therapy (CBT).

Methods: Ten VGT sessions were carried out on a weekly basis. Anxiety, physiological, and impulsivity measurements were
recorded. The patient was scanned in a 1.5-T magnetic resonance scanner, prior to and after the 10-week VGT/CBT combined
treatment, using two paradigms: (1) an emotional face-matching task, and (2) a multi-source interference task (MSIT).

Results: Upon completing the treatment, a decrease in average heart rate was observed. The functional magnetic resonance
imaging (fMRI) results indicated a post-treatment reduction in reaction time along with high accuracy. The patient engaged areas
typically active in healthy controls, although the cluster extension of the active areas decreased after the combined treatment.
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Conclusions: These results suggest a global improvement in emotional regulation and impulsivity control after the VGT therapy
in BN, demonstrated by both physiological and neural changes. These promising results suggest that a combined treatment of
CBT and VGT might lead to functional cerebral changes that ultimately translate into better cognitive and emotional performances.

(J Med Internet Res 2014;16(8):e183)   doi:10.2196/jmir.3243

KEYWORDS

eating disorders; bulimia nervosa; emotional regulation; impulsivity; video game therapy; neuroimaging; fMRI

Introduction

Conventional psychological therapies, such as cognitive
behavioral therapy (CBT) have been successful in treating some
central symptoms in eating disorders, such as binge/purging
behaviors [1]. However, in bulimia nervosa (BN) patients, there
are some dysfunctional features that still remain after treatment.
Some of them, such as alterations in executive functioning (ie,
impulsivity, planning, and decision making) and emotional
deregulation (eg, self-control strategies or tolerance to
frustration) are particularly difficult to modify and are associated
with an adverse outcome [2].

PlayMancer is a video game designed to increase emotional
regulation and reduce general impulsive behaviors, by training
to decrease arousal and improve decision-making and planning
[3,4]. As described in previous research [5], the final aim of
video game therapy (VGT) is to achieve more efficient brain
functioning with appropriate emotional and cognitive processing,
which eventually translates into more suitable real-world
behaviors. We have previously demonstrated the usefulness of
PlayMancer in reducing impulsivity and enhancing emotional
regulation in BN patients [6]. However, whether these
behavioral improvements are also translated into changes in
brain activity remains unclear.

This case report aimed at examining changes in physiological
reactivity and brain activation as biomarkers of emotional
regulation and impulsivity control in response to a combination
of VGT and CBT treatments in a BN patient.

Methods

Case Report

Overview
The research procedures were explained in full to the patient
and she gave written informed consent prior to enrollment in
the study. The procedures were approved by the Ethical
Committee of the University Hospital of Bellvitge. The patient
was a 28-year-old woman seeking treatment for BN in our
outpatient unit. BN was diagnosed according to the DSM-5
criteria [7]. The BN disorder started at the age of 22 (age of
onset), after the patient had followed a hypocaloric diet.
Pre-morbid overweight, a body mass index (BMI) of 28.7, and
various psychosocial stressors were starter risk factors. The
patient reported having started BN with 1-2 weekly bingeing
and vomiting episodes. During approximately the last 6 months
prior to the initiation of the treatments, the patient exhibited
more than four weekly binge-eating episodes with compensatory
fasting/restricting eating behaviors but without purging episodes,

and continued to have extreme concerns about shape and weight.
At the time of inclusion in the case study, her weight was 69.3
kg (height 166 cm, BMI 25.1).

Personal and Psychiatric Antecedents
The patient, the younger of two children, is currently living with
her partner. Moreover, at the start of the treatment she did not
present further additional psychiatric comorbidity or other
familial psychiatric disorders, alcohol-drug misuse, regular
tobacco consumption, or any other relevant difficulties for
dealing with stress and negative emotions.

Psychometric Assessment and Physiological Measures
At the beginning, the patient was given the Eating Disorder
Inventory [8], Symptom Checklist-90-Revised (SCL-90-R) [9],
and Temperament and Character Inventory-Revised [10]. The
psychometric assessment revealed a typical profile described
frequently by BN patients (characterized by high body
dissatisfaction, drive for thinness, bulimic episodes, social
insecurity, anxiety, mild depressive symptoms, high harm
avoidance, and low self-directedness). Comorbidity was assessed
by means of the structured clinical interview for DSM-IV Axis
I disorders (SCID-I/II). Additionally, weekly binge-eating and
purging frequencies were recorded and monitored by means of
a food diary throughout the duration of the therapy. Prior to and
after VGT treatment, State-Trait Anxiety Inventory (STAI) [11]
and Barratt Impulsiveness (BIS-11) [12] scales were
administered. The physiological measures were analyzed by
means of a sensor system via Bluetooth, linked to PlayMancer,
including among others, autonomic measurements such as heart
rate, pulse rate, and heart rate variability measures.

Functional Magnetic Resonance Imaging Procedure

Paradigms

Emotional Face-Matching Task

To explore emotional activation and regulation, we used a
modified version of the emotional face-matching task originally
reported by Hariri, Bookheimer, and Mazziotta [13], which has
also been reported elsewhere [14]. This task was proved to
reliably activate the visual cortex, the amygdala, and the
dorsolateral prefrontal cortex in healthy subjects. The contrasts
of interest were fearful faces to shapes and happy faces to
shapes. During each 5-second trial, the patient was presented
with a target face (center top) and two probe faces (bottom left
and right) and was instructed to match the probe expressing the
same emotion to the target by pressing a button in either their
left or right hand of a magnetic resonance imaging (MRI)
compatible response device. The target face was either happy
or fearful, and the probe faces included two out of three possible
emotional faces (happy, fearful, and angry). As a sensorimotor
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control condition, the patient was presented with 5-second trials
of ovals or circles in an analogous configuration and was
instructed to match the shape of the probe to the target. A total
of six 30-second blocks of faces (3 fearful, 3 happy) and six
30-second blocks of the control condition (shapes) were
presented interleaved in a pseudo-randomized order. The
contrasts of interest were fearful faces to shapes and happy faces
to shapes.

Executive-Control Task

As an executive-control task, we employed the multi-source
interference task (MSIT) [15], a task that reliably and robustly
activates cingulo-frontal-parietal cognitive/attention network.
Our contrast of interest was the incongruent condition to
congruent condition. During each trial, the patient was asked
to press one of three buttons in an MRI-compatible response
device to identify the unique digit (1, 2, or 3) that was not
repeated in a string of three digits. Each digit was mapped to
index (1), middle (2), and ring (3) fingers of the right hand and
subjects should respond to the identity (not the position) of the
unique digit in the string. There were a total of 48 congruent
trials (ie, 133, 121, 223) and 48 incongruent trials (ie, 212, 311,
322), distributed in a total of eight blocks of 12 trials each,
separated with nine fixation crosses of 15-second duration. In
the incongruent situation, the unique digit’s spatial position in
the string was conflicted with the corresponding identity of the
unique digit. Our contrast of interest was the incongruent
condition to congruent condition.

Acquisition, Processing, and Analyses of the Images
The patient was scanned twice in a 1.5-T Signa Excite system
(General Electric) Magnetic Resonance (MR) scanner, prior to
and after the 10-week VGT/CBT combined treatment. The MR
was equipped with an 8-channel phased-array head coil and
single-shot echoplanar imaging software was used. The
functional sequence consisted of gradient recalled acquisition
in the steady state (repetition time=2000 ms, echo time=50 ms
and pulse angle, 90º) in a 24 cm field of view, with a 64 x 64
pixel matrix, and a slice thickness of 4 mm (inter-slice gap, 1.5
mm).

A total of 22 interleaved sections, parallel to the
anterior-posterior commissure line, were acquired to generate
207 (MSIT task) and 195 (emotional face-matching task)
whole-brain volumes. Visual stimuli were presented using

MRI-compatible goggles (VisuaStim Digital System, Resonance
Technology Inc, Northridge, CA, USA), while behavioral
responses were recorded by means of an MRI-compatible
response grip (NordicNeuroLab Inc, Bergen, Norway). Imaging
data were processed on a Macintosh platform running Matlab
version 7 (The MathWorks Inc) and statistical parametric
mapping software version 8 (SPM8). Time series of the pre and
post acquired images were initially realigned to the mean image
by using a 6-parameter (rigid body) spatial transformation,
normalized to the standard eco-planar imaging template in SPM,
resliced in Montreal Neurological Institute (MNI) space and
smoothed using a Gaussian filter (full width at half maximum=8
mm). Realigned, normalized, and smoothed images were carried
to a first level of analysis for the contrasts of interest in each
task. Results were thresholded at a positive false discovery
rate<0.05 corrected. Finally, the pre and post VGT/CBT
combined treatment were overlapped in a T1 MNI template in
MRIcron software (Rorden and Brett, 2000) for visual
comparison and presentation of the results.

Treatment
As described previously [6], a combined therapy was used in
this case study (16 weekly outpatient cognitive-behavioral group
sessions plus 10 weekly sessions of VGT) (Figure 1). A detailed
description of the main goal, techniques, and structure of the
CBT group therapy have been described previously [1], as well
as the VGT approach used [3,4].

The performance in each VGT session was collected during 20
minutes. Three minutes of relaxing music were played before
and after the VGT session. The video game consisted of three
mini-games: (1) The Face of Cronos, where the player has to
climb up a cliff in which obstacles appear depending on the
arousal of the player (based on biofeedback); this mini-game
trains planning and decision making, (2) Treasures of the Sea,
which is a virtual swimming game in which the player has to
collect different objects and fishes while conserving their oxygen
supply; this trains visuospatial abilities, visual working memory,
and decision making, and high arousal makes the task more
difficult, and (3) Sign of the Magupta, which is a relaxation
game in which the player connects a constellation of stars
through breathing control; slow deep breathing allows the
connections between stars to form [6] (see Figure 2 and
Multimedia Appendix 1).

Figure 1. Schematic diagram of treatments and procedures.
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Figure 2. Example of PlayMancer session: relaxing phases and mini-games.

Results

Eating Symptomatology, Anxiety, and Impulsiveness
During the combined treatment, the rate of binge eating and the
consequent compensatory behaviors started to decline after the
fourth session, whereas abstinence of bingeing occurred after
the sixth session. At the 6- and 12-month follow-ups, the patient
was still free of binge eating symptoms. Regarding secondary
outcome measures (namely anxiety and impulsivity), the patient
had reduced impulsivity (measured by means of BIS-11, pre

mean score 38 and post mean score 29, with the Spanish
population mean score of 32.5, Oquendo et al, 2001) and state
of anxiety (measured by means of STAI, pre mean 38, post
mean 17) after VGT intervention, and it was maintained after
follow-up.

Evolution of Physiological Variables With the Video
Game Therapy
A trend was found for the weekly average heart rate (HR), which
signified scores tended to decrease with the game sessions
(Figure 3).
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Figure 3. Average Heart Rate (HR) scores over the 10 therapy sessions.

Internal Outcome Measure of the Video Game Therapy
One of the internal VGT measures was the total time spent in
a specific task (diving task), which is the absolute diving time
(in seconds) the subject plays without being interrupted (due to

lack of stress management or emotional regulation capacity,
oxygen ran out, and the diving session was interrupted). A
positive trend was found for the weekly average total diving
time, which means scores tended to increase with the sessions
of the game (Figure 4).
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Figure 4. Video game internal secondary outcome measure (average time diving in seconds over the 10 therapy sessions).

Pre-Post Changes in Brain Activity
Behavioral measures indicated that reaction time decreased in
the post condition in both the face-matching task and the MSIT
task (see Table 1). The patient had high global accuracy in both
tasks (face-matching tasks: pre: 97.22%, post: 98.61%; MSIT:
pre: 100%, post: 97.92%).

The face-matching task engaged areas typically active during
this task in healthy controls, such as fusiform gyrus, visual
cortex, precentral and dorsolateral prefrontal cortices (see Figure
5). Pre and post conditions were partially overlapping, although,
globally, the cluster extension of the active areas decreased after
combined treatment. A small cluster in the left amygdala (2
voxels, see Figure 5) was also active during the fearful faces

matching, even though only in the pre treatment condition
(matching happy faces during the pre condition and fearful and
happy faces during the post condition did not activate the
amygdala, even when lowering the threshold to an uncorrected
P<.001). Other differences between pre and post conditions
were located in the bilateral dorsolateral prefrontal cortex during
the matching of fearful faces and in the bilateral
frontopolar-anterior insula /bilteral dorsolateral prefrontal cortex
during the matching of happy faces.

With regard to the MSIT task, the incongruent versus congruent
conditions showed activations in the medial prefrontal-dorsal
anterior cingulate and superior parietal cortex, for both pre and
post assessments (see Figure 5). Although these areas are
typically activated in healthy controls while carrying out the
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task, again at post assessment the patient engaged a smaller
cluster extend of voxels. Additional activations were found in

the bilateral anterior insula, which were also found to decrease
after the combined treatment (Figure 6).

Table 1. Pre-post changes in brain activity (fMRIa): behavioral measures.

Post,

mean (SD)b

Pre,

mean (SD)bParadigm

Face-matching task

1.12 (0.04)1.44 (0.07)Fearful faces trials

0.91 (0.03)1.00 (0.05)Happy faces trials

0.68 (0.08)0.72 (0.03)Shapes trials

Multi source interference task (MSIT)

0.478 (0.005)0.542 (0.009)Congruent trials

0.917 (0.082)1.104 (0.063)Incongruent trials

afMRI: functional magnetic resonance imaging.
bResults are presented in seconds.

Figure 5. Pre-treatment and post-treatment activations during the emotional face-matching task (happy faces vs shapes and fearful faces vs shapes)
and the multi-source interference (MSIT) task (incongruent vs congruent condition).
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Figure 6. Activations in the bilateral anterior insula after the treatment.

Discussion

Principal Findings
This case study set out to examine the neural and physiological
changes associated with a combined therapy (CBT plus video
game therapy), as a tool to enhance emotional regulation and
impulsivity control in a BN patient. In this reported case, the
results suggest that specific training to decrease arousal and
increase impulsivity control [6] may improve emotional
regulation, and induce changes in physiological variables (eg,
HR) and in the neural circuits related to emotional and executive
processing. Although emotional regulation has been previously
studied in BN [6], and new technologies have been previously
used in psychology [16,17], this is, to the best of our knowledge,
the first time that the neural and physiological changes
associated with a combination of VGT and CBT have been
described in a BN patient.

According to our results, self-regulation training incorporating
physiological and emotional feedback might improve the
emotional regulation capacity. Specifically, the reduction of
physiological markers (eg, HR) after the VGT may suggest
higher emotional control and is in agreement with those studies
showing that a dysfunctional control over emotions is associated
with increased heart rate, heart rhythm dysregulation, and
autonomic imbalance [18,19]. In this regard, recent evidence
indicates that decreases in physiological variables, such as HR,
are connected not only to a higher self-regulation of emotions,
but also with specific improvements in executive functions (eg,
cognitive flexibility and control over impulsive behaviors) [20],
which is also in line with the neuroimaging results in this case
report.

In this sense, after the combined VGT/CBT treatment, the
patient was able to display a better behavioral performance on
both the video game tasks and the functional magnetic resonance

imaging (fMRI) paradigms. Specifically, an enhancement of
absolute time playing the game and lower reaction times with
high global accuracy in the fMRI paradigm were observed. As
explained above, PlayMancer is a video game specifically
designed for training emotional regulation, but can also be used
for training planning, inhibition response, decision making, and
working memory capacities [6]. Thus, these findings suggest
that in this BN case, the combination of CBT with regular
cognitive training improves cognitive functions and produces
changes in the neural substrates associated.

Specifically, the neural patron displayed by the patient while
performing the fMRI paradigms was similar to the one found
in healthy controls, for both the impulsive control paradigm
(MSIT) [15] and the emotional paradigm [14], but was modified
after the combined treatment. Executive and attention networks
were active during emotion processing and cognitive
interference tasks. However, on the one hand, it is suggested
that brain activations were more efficient after the combined
treatment, given that an improvement of behavioral results was
achieved with a lesser extent of cluster activations. The
amygdala also showed some differences between the pre and
post conditions of the fearful face-matching trials. Although
the cluster extent of the amygdalar activation was small, it may
also suggest some differences in emotional regulation between
the pre and post treatment conditions.

On the other hand, the activation of the anterior insula during
cognitive conflict (incongruent condition versus congruent
condition) may be consistent with the idea that additional brain
resources were needed to perform the tasks. Even though the
anterior insula is not generally activated by the MSIT [15], it
has been found to be active during performance monitoring and
is modulated by error awareness [15]. Additionally, the anterior
insula is suggested to be a key dysfunctional structure in the
pathophysiology of eating disorders [21].
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In summary, these promising results suggest that, in this case
report, a combined treatment of CBT and VGT might lead to
functional cerebral changes that might eventually translate into
better cognitive and emotional performances. This report
emphasizes the importance of researching new treatments for
enhancing emotional regulation and impulsivity control in BN
patients.

Strengths and Limitations
This case study also has several important strengths, primarily
the novelty of the therapeutic approach. VGT, as applied in the
present case study, might be a practical tool for the treatment
of cognitive and emotional alterations in BN.

However, the results of this case study should be interpreted
within the context of some limitations. The most important one
is that it is a single case report study, although a longitudinal

design was employed and pre-post measures of the patient were
considered. However, brain activity pre-post was not statistically
compared, thus future studies evaluating series of cases-controls
should be conducted in order to confirm these findings.
Additionally, although the repetition of the task may be
contributing to the improvement in brain and behavioral
efficiency, this effect could not be differentiated here and would
need to be further tested in a case-control study.

Conclusions
Though this report exemplifies a novel treatment for cognitive
and emotional rehabilitation in BN patients (ie, video game
therapy), more studies need to be carried out and future
neuropsychological and neuroimaging studies should focus on
the executive and emotional profile of these patients, in order
to shed more light on these multifaceted constructs.
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Abstract

Background: Medical treatments with no direct effect (like homeopathy) or that cause harm (like bloodletting) are common
across cultures and throughout history. How do such treatments spread and persist? Most medical treatments result in a range of
outcomes: some people improve while others deteriorate. If the people who improve are more inclined to tell others about their
experiences than the people who deteriorate, ineffective or even harmful treatments can maintain a good reputation.

Objective: The intent of this study was to test the hypothesis that positive outcomes are overrepresented in online medical
product reviews, to examine if this reputational distortion is large enough to bias people’s decisions, and to explore the implications
of this bias for the cultural evolution of medical treatments.

Methods: We compared outcomes of weight loss treatments and fertility treatments in clinical trials to outcomes reported in
1901 reviews on Amazon. Then, in a series of experiments, we evaluated people’s choice of weight loss diet after reading different
reviews. Finally, a mathematical model was used to examine if this bias could result in less effective treatments having a better
reputation than more effective treatments.

Results: Data are consistent with the hypothesis that people with better outcomes are more inclined to write reviews. After 6
months on the diet, 93% (64/69) of online reviewers reported a weight loss of 10 kg or more while just 27% (19/71) of clinical
trial participants experienced this level of weight change. A similar positive distortion was found in fertility treatment reviews.
In a series of experiments, we show that people are more inclined to begin a diet with many positive reviews, than a diet with
reviews that are representative of the diet’s true effect. A mathematical model of medical cultural evolution shows that the size
of the positive distortion critically depends on the shape of the outcome distribution.

Conclusions: Online reviews overestimate the benefits of medical treatments, probably because people with negative outcomes
are less inclined to tell others about their experiences. This bias can enable ineffective medical treatments to maintain a good
reputation.

(J Med Internet Res 2014;16(8):e193)   doi:10.2196/jmir.3214

KEYWORDS

bias; social media; behavioral sciences; reputation systems; cultural evolution

Introduction

Across cultures and throughout human history, people have
sought to alleviate suffering, shorten disease, and alter biological
processes using medical treatments. An interesting feature of
many medical treatments is that they are not directly beneficial;
some even cause significant harm. This is true of Western folk

beliefs, alternative medicines [1,2], traditional medicines [3,4],
and historical “establishment” medicine like bloodletting [5].
It is also likely to be true of some contemporary medical
treatments [6-8]. Treatments may be harmful either to the patient
directly or cause harm because they replace other effective
treatments, or result in broader environmental harms, as in the
case of drugs derived from endangered species [2-4].
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Medical treatments are very much cultural traits: rather than
being invented anew by each individual, they spread from person
to person through cultural processes. The prevalence of poor
medical treatments is an anomalous outcome of cultural
evolution because culturally acquired information in other
domains of life is generally reliable and beneficial. Indeed, the
extraordinary ecological success of the human species is, in
part, due to our reliance on adaptive cultural information [9]. It
is clearly true that humans routinely use cultural information
to solve complex problems that, like medicine, entail delayed
and/or stochastic feedback. The adaptive value of cultural
information is thought to result from a number of mechanisms,
such as learning heuristics whereby people selectively imitate
more successful people, filtering whereby people evaluate the
quality of socially acquired traits through experimentation, and
natural selection whereby people with more beneficial cultural
traits have more children who then learn these traits [10-12].

Some traditional medicines did have a direct benefit for the
patient. Effective variolation, for example, was surprisingly
common. For example, Yorba healers in West Africa carried
smallpox scabs that could be used to induce a non-lethal
infection and resultant immunity [13]. A number of vaccination
techniques were being employed in 17th century India and
China, and Edward Jenner’s vaccination was long a part of
English folk medicine [14]. Some globally important
pharmaceutical products have their origins in traditional
medicine; Artemisinin, a key anti-malaria drug, was part of
ancient Chinese medicine [15]. Moreover, medicine—be it
allopathic, traditional, or ancient—is not just about altering the
course of disease. Medical experts will often have seen many
people with similar diseases and thus they can help patients to
understand what their illness is (diagnosis) and how it will play
out over time (prognosis). For an anxious patient and his or her
family, these are important services and they were probably
carried out with some sophistication throughout history and
across cultures. Moreover, by identifying and validating illness,
medical experts may help the ill to garner social support and
thus enable crucial rest and recuperation.

It is also clearly true that patients have undergone surgeries,
ingested substances, and been subjected to a litany of other
treatments with the explicit expectation that they would be
helped. These expectations were not justified: the disease course
was unaffected and/or the patient was directly harmed by the
treatment. Ineffective treatments were common and remain
common, and they warrant study [5]. Why then do harmful and
non-beneficial medical treatments spread and persist?

We propose the following explanation. Irrespective of
effectiveness, medical treatments typically result in a distribution
of outcomes with some people improving, some deteriorating,
and others experiencing little change. Suppose that the people
who have more positive outcomes are more inclined to tell other
people about their experience of the treatment than people who
have poorer outcomes. This may occur because people recall
their successes better than their failures, because people believe
others’ success stories, or because people are embarrassed to
have adopted an ineffective treatment. Whatever the cause, such
a bias would systematically distort the information available to
other naive individuals who are seeking an effective

treatment—the reputation of a treatment will exceed its real
effect.

This hypothesis is assessed using a variety of methods. First,
we compared clinical data on weight loss diets with weight loss
reported in reviews of books on these diets. Reviews were taken
from Amazon, a popular online marketplace where consumers
can post reviews of products. We also made a similar
comparison for unproven fertility treatments based on herbs
and vitamins. In both cases, we predicted that people with
positive outcomes are more inclined to post reviews. In a series
of experimental studies, we then tested whether the bias of such
reviews is sufficient to influence preferences for treatments.
We predicted a preference for weight loss diets accompanied
by typical reviews (as sampled from Amazon) over diets
accompanied by undistorted reviews (ie, reviews that are
representative of the diet’s true effect obtained by purposefully
sampling and/or editing of the review). Finally, we used a
mathematical model to explore some implications of such
reputational distortion.

Methods

Study 1: Weight-Loss Diets
In order to make the Amazon and clinical data directly
comparable, we made several assumptions and simplifications.
Readers interested in conducting alternative analyses or
comparisons can access the raw data and analysis syntax from
the figshare data repository [16].

The Atkins Diet has been tested in several clinical trials and is
the most commonly reviewed diet book on the Amazon online
bookstore. We downloaded the 1359 reviews written on or
before November 18, 2012. We extracted the duration of the
diet and the total weight change from each diet review where
this information was provided. If weight change at two
time-points was mentioned (eg, 1 kg loss after 1 week and a 3
kg after 1 month), only the longer duration and associated weight
change was recorded. If the review described the experiences
of more than one person, only information about the author was
recorded. If the review only discussed the weight change of a
person besides the author, then that person’s weight change was
recorded. In total, 587 reviews included both a weight change
and a time period over which this change occurred. The median
diet duration was 42 days. To calculate an average weight loss
at 1, 2, 3, 4, 5, 6, 9, and 12 months, we averaged the reports
nearest each of these points in time. We excluded reviews of
diets that lasted less than 2 weeks or more than 15 months.

The “true” effects of the Atkins diet were assessed using three
clinical trials [17-19] in which participants received the Atkins
diet book. In two of these trials [18,19], the intervention also
entailed meeting a dietitian to discuss the diet and the
participant’s progress. Basic information about average weight
loss in the Atkins diet arm could be extracted from the published
manuscript, but to assess the distribution of outcomes, individual
level data were needed. Only Gardner et al [18] were willing
and able to share their raw data. The Gardner trial examined
weight change among 311 premenopausal overweight and obese
women, 77 of which were randomly allocated to the Atkins diet.
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Participants received the Atkins book and met in groups of six
once per week for 8 weeks to discuss the diet and book with a
dietitian. Although Amazon reviewers are not all premenopausal
women, Figure 1 shows that the average effect of the Atkins
diet is broadly similar in several different populations.
Moreover, given that the intervention involved reading the books

and meeting with a dietitian, the clinical trial weight loss levels
are likely to exceed that found in the general population. We
compared the clinical weight change at 2, 6, and 12 months
with Atkins reviews written between 1.5 and 2.5 months, 5 and
7 months, and 9 and 15 months respectively.

Figure 1. Average weight loss on Atkins diet reported in 3 clinical trials and Amazon reviews. Amazon data points were calculated by averaging
reviews nearest the time points 1, 2, 3, 4, 5, 6, 9, 12 months. The numbers of reviews averaged to create the Amazon data points were 129, 60, 60, 23,
22, 19, 26, and 29 respectively.

Study 2: Fertility Treatments
On May 7, 2013, reviews of FertilAid (n=206), Fertilitea
(n=198), and FertilityBlend (n=80) were downloaded from
Amazon.com and reviews of Pregnancycare (n=68) were
downloaded from Amazon.co.uk (total N=552). These are the

most commonly reviewed herbal/vitamin pregnancy pills on
Amazon.com and Amazon.co.uk. The following information
was extracted from each review, if available: pregnancy status,
length of time trying to conceive (TTC) while using the
treatment and the length of time TTC before beginning the
treatment, presence/absence of a previous pregnancy, the
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woman’s age, the man’s age, the presence/absence of polycystic
ovary syndrome (PCOS), and presence/absence of past
pregnancy. Reviews were excluded if the author explicitly stated
that pregnancy was not the desired outcome of the treatment.

There is no strong evidence that these treatments enhance
fertility in the general population. One pilot study found
Pregnancycare was associated with higher pregnancy rates in
subfertile/infertile women undergoing ovulatory induction [20]
but none of the Pregnancycare reviewers on Amazon reported
using Clomid or other ovulatory induction treatments. Another
low-power study reports higher pregnancy rates among 53
FertiliBlend users who had previously tried to conceive for 6-36
months [21] but, in the absence of follow-up studies with greater
power, it is difficult to ascertain if this difference between
treatment groups was clinically meaningful. The National
Institute for Health and Care Excellence (NICE) does not
recommend any of the aforementioned treatments and notes
that “the effectiveness of complementary therapies for fertility
problems has not been properly evaluated” [22]. Given the
paucity of rigorous data, we assume that these treatments have
little effect on fertility.

The pregnancy rates reported on Amazon were compared to
pregnancy rates in a prospective study of conception risk in 346
German women [23]. Specifically, pregnancy rates were
extracted from data used to generate the Kaplan-Meier survival
curves in Figure 1 of that study. The Kaplan-Meier curve
corrects for biases due to participant dropout and is considered
a best estimate of true pregnancy rate. If women are more likely
to write a review after a positive outcome (that is, pregnancy),
then conception rates reported in Amazon should be higher than
conception rates in the prospective trial. Several important
differences between the prospective study and the Amazon data
should be noted. First, while the prospective study reports
duration TTC in number of cycles, most reviewers report time
TTC in days, weeks, or months. Menstrual cycle lengths are
quite variable [24] but to enable a direct comparison we assumed
one cycle is equivalent to 28 days. Second, women in the
prospective study were shown how to use
temperature/cervical-mucus monitoring to ensure intercourse
occurred on the most fertile days of the cycle. Third, cycles in
which intercourse did not occur during fertile days (3%) were
excluded from the analysis. Fourth, in the prospective trial, data
collection commenced on the month that women switched from
oral contraception to “fertility-focused intercourse”. In contrast,
of the 153 Amazon reviewers who reported a pre-treatment
period trying to conceive, the median period trying to conceive
was 1 year. Just 8% of 340 women in the prospective study had
not conceived within 12 cycles of fertility-focused intercourse
[23]. This indicates that subfertility and infertility is more
prevalent among the Amazon reviewers than in prospective
study participants. A total of 38 of 558 reviewers (6.9%)
reported PCOS, while 83 (14.9%) reported other fertility-related
problems (eg, irregular cycles); couples with fertility problems
were excluded from the prospective study. Because the
prospective study entailed fertility education, exclusion of
couples with fertility problems, and the exclusion of cycles
where fertile-period intercourse did not occur, the reported
conception rate is likely to be higher than what is found in the

general population. The comparison between this prospective
study and the Amazon reviews is therefore a conservative test
of our hypothesis. We are aware of one factor that may bias the
results in the other direction: only pregnancies confirmed by a
clinician were recorded in the prospective study while any
reported pregnancy was included in the Amazon reviews.
However, modern digital home pregnancy tests are generally
considered reliable.

Study 3: How Distorted Reputation Influences
Treatment Choices
In a series of online experiments, participants recruited from
Mechanical Turk, Amazon’s online crowdsourcing marketplace,
were presented with two diets and a series of reviews and were
then asked to choose between the diets. All participants resided
in America, 61% were male and the mean age was 33 years (SD
11). The diet books were Dr. Atkins Diet New Revolution and
The 17-Day Diet. All reviews were extracted from Amazon.
Two sets of books/reviews were shown on different pages and
the order of presentation was randomized. In one condition, the
Atkins reviews were “undistorted” by (1) drawing the reviews
from a population of reviews with 200 words or less and an
average of 3.5 stars (SD 0.99), corresponding to the average
and standard deviation satisfaction rating given to diets in a
longitudinal study [25], and (2) adjusting the reported weight
change to match the average loss at that time point in clinical
trials (calculated using Figure 1). The 17-Day Diet reviews were
selected randomly from reviews that explicitly stated a weight
loss and duration and consisted of 200 words or less (mean
number of stars 4.4, SD 0.99). In the other condition, The
17-Day Diet reviews had the reputational distortion removed
using the same procedure (mean 3.5, SD 1.0), and the Atkins
reviews were selected randomly from a sample of reviews that
stated duration and weight loss (mean 4.4, SD 1.01). Thus, each
book was shown alongside three reviews that were either
randomly selected Amazon reviews or purposively selected and
edited so as to be consistent with clinical findings. After reading
the reviews, participants were asked, “Imagine you decide to
begin a diet. Which of these two diets would you begin?”

Ideally, each participant would see a different selection of
reviews randomly drawn from the appropriate population.
However, technical constraints of our experimental software
made this impossible and so instead we ran three versions of
each experiment using different reviews randomly selected from
the same population. We then averaged the results for these
three versions. This procedure was intended to reduce the
probability that chance properties of any one set of selected
reviews would exert too much influence on the final result. The
results were broadly similar across all three versions of the
experiment. The results for each condition and the characteristics
of the selected reviews are available in Multimedia Appendix
1. Experiment 2 followed the exact same procedure except the
diets only differed in positivity—both sets of reviews reported
a similar average weight loss. In Experiment 3, the diet reviews
were similar in positivity (3.4 stars) but reported different
average weight loss. In every case, the dependant variable was
diet chosen.
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The Act concerning the ethical review of research involving
humans (2003:460) regulates research with human subjects in
Sweden. Studies need approval only if personal data is collected
(ie, race or ethnic origin, political opinions, religious or
philosophical beliefs, or membership of a trade union, and data
on health or sex life) or if there is an attempt to physically or
mentally influence the participant. These studies do not meet
these criteria. Participants were clearly informed that by
submitting their responses to the questionnaire they consented
to the responses being used for research.

Results

Study 1: Weight-Loss Diets
In the first study, we compared clinical data on weight loss diets
with weight loss reported in reviews of books on these diets.
Clinical trials indicate that the Atkins diet results in an average
weight change of about −7 kg over the first 6 months and a
regain of about 2 kg over the subsequent 6 months [17-19]. In
Amazon reviews, the average weight change is about −25 kg
after 6 months and −20 kg after 12 months. As Figure 1 shows,
the average beneficial effect reported in reviews of the Atkins
diet exceeds the real effect at all time points.

In Amazon reviews, weight loss is positively correlated with
the number of stars (Spearman’s ρ=.43, P<.001), the diet
duration (ρ=.71, P<.001), the word count (ρ=.14, P<.001), the
number of capitalized letters (ρ=.1, P=.01), but not with the
number of exclamation marks (ρ=.05, P=.2).

Individual level data from a 2007 clinical trial by Gardner et al
[18] enabled a detailed comparison of real and reputed effects
at three points in time (see Figure 2). The difference between
the review data and clinical data was statistically significant at
2 months (t69.8=5.63, P<.001, Cohen’s d=0.98), 6 months
(t92=8.72, P<.001, d=1.48), and 12 months (t60=5.86, P<.001,
d=1.14). In the clinical trial, participants sometimes lost and
then regained weight. The average maximum weight loss for
participants in the Gardner trial was 8.33 kg (SE 0.67); this
maximum weight loss is also substantially lower than average

Amazon weight loss of duration 2 months or greater. These data
indicate that while 93% (64/69) of online reviewers reported a
weight loss of 10 kg or more, just 27% (19/71) of trial
participants experienced a similar weight loss level.

It is possible that the difference between real and reputed weight
loss results from fake reviews written by individuals with a
vested interest in Atkins sales. Fake reviews are unlikely to be
produced continuously over time or at a rate proportional to the
number of real reviews. Instead, they should be clustered at
strategic times (immediately after an edition of the book is
released) or in the period soon after the fake reviews are
contracted. Therefore, we examined if the distortion applies
over all time periods (suggesting a psychological bias) or if it
exists only at certain time periods (suggesting fake reviews
drive the distortion). The sample was split into deciles. Each
decile contained 50+ individuals, and the deciles spanned from
1996 to 2012. Using the data from Gardner et al, we calculated
the predicted weight loss for each participant. Gardner et al
provide weight measurement at four time points; weight loss
was assumed to be linear between these points. The difference
between predicted and actual weight loss was calculated for
each participant. A series of 10 one-sample t tests showed that
in every time period there was a statistically significant
distortion (maximum P value=.00005). Moreover, the difference
between the predicted and real weight loss was of a similar
magnitude in each decile (minimum mean difference 6.12,
average mean difference 7.56, SD 1.41).

The subset of reviews that include weight change and diet
duration information were somewhat more positive than total
sample of reviews (mean of 4.43 stars vs 4.06 stars). An
alternative explanation for the deviation between the Amazon
reviews and the clinical trials results is that people with negative
outcomes are less inclined to include specific information about
the weight change and duration. In Multimedia Appendix 2, we
show that a similar pattern of results is seen when a subset of
reviews with a star distribution that matches that of the total
sample is analyzed. This alternative hypothesis can therefore
be rejected.
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Figure 2. Comparison of weight loss distributions on Amazon reviews (bottom row) and clinical trial (11, top row) at three time points. Horizontal red
lines indicate mean weight change. Outliers with weight loss >50 kg are not shown but are included in mean calculation.

Study 2: Fertility Treatments
In the second part of our study, we compared fertility data with
Amazon reviews of unproven fertility treatments based on herbs
and vitamins. In the 552 reviews analyzed, 186 people reported
becoming pregnant after taking the treatment, 327 indicated
they were not pregnant, and in 39 reviews it was unclear if a
pregnancy occurred and/or the reviewer stated that pregnancy
was not the desired outcome of the treatment. The duration of
the medical treatment was stated in 443 reviews. Excluding the
reviews where pregnancy was not reported/desired or the
duration of the medical treatment was less than a week, 45.3%
(173/382) reported becoming pregnant. Of the women who

became pregnant, the median and mean time to pregnancy was
30 and 46 days, respectively. The mean time to pregnancy in
the longitudinal study was considerably longer: 3.6 cycles or,
if we assume a 28-day cycle, 101 days. Figure 3 illustrates the
proportions of Amazon reviewers and study participants who
became pregnant in each of the first three menstrual cycles.
Chi-square tests indicate that more Amazon reviewers than
study participants became pregnant in cycle 1 (100 of 190 vs

129 of 340, χ2
1=10.04, P=.001) and in cycle 2 (35 of 81 vs 63

of 211, χ2
1=4.70, P=.03). In cycle 3, the difference was not

statistically significant (21 of 57 vs 38 of 148, χ2
1=1.97, P=.16).

Figure 3. Proportion of non-pregnant women who conceived in each cycle of prospective study and in Amazon reviews of herbal/vitamin fertility
treatments. Amazon proportions were calculated by collating reviews in which treatment was used for 28±14 days (cycle 1), 56±14 days (cycle 2), and
84±14 days (cycle 3). 1 star (*) and 2 stars (**) indicate statistically significant differences at P<.05 and P<.01 levels, respectively.
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Study 3: How Distorted Reputation Influences
Treatment Choices
Studies 1 and 2 demonstrate that the reputed benefits of medical
treatments tend to exceed their actual benefits. The objective
of Study 3 was to examine if this reputational distortion is large
enough to influence people’s medical decision making.

Biased reporting can influence cultural evolution if the
reputation of the treatment influences subsequent decision. We
conducted three experiments with the objective of assessing

how positively distorted sets of reviews might influence diet
choice. Results indicated that participants were much more
likely to pick a diet if its reviews were distorted with respect to
both positivity (stars awarded to diet) and weight change

(Experiment 1: χ2
1=33.42, n=100, P<.001) or distorted with

respect to positivity alone (Experiment 2: χ2
1=24.61, n=100,

P<.001). However, reviews that included distorted weight loss

alone had no effect on preferences (Experiment 3: χ2
1=0.02,

n=99, P=.89). These results are summarized in Figure 4.

Figure 4. Experiment 1 indicates participants prefer diet book with positive reviews and large weight loss over diet with positivity and weight change
more representative of clinical trial results. Experiments 2 and 3 indicate that positivity alone but not weight change alone influence preferences.

Mathematical Model
Can this mechanism account for the prevalence of harmful
medical treatments across cultures? If the same kind of reporting
bias affects all medical treatments, one might think that better
treatments will still have a better reputation. However, this is
not necessarily the case. Here, we show that the degree to which
a treatment’s reputation is distorted by reporting bias will
critically depend on the shape of the outcome distribution. In
some circumstances, the result will be a superior reputation for

an inferior treatment. The basic idea of the model is illustrated
in Figure 5.

In order to isolate the effect of the reporting bias, we will make
several strong assumptions about how well informed people
are. First, we will assume that people have access to an infinite
population of informants. These informants are honest, but they
are more likely to share information if their outcome is better.
Learners then choose the treatment with the best average
reputation. This simple model shows that reporting bias can
cause the spread of suboptimal treatments in a population.
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Figure 5. Hypothetical example illustrating the effect explored in the mathematical model. With a reporting bias that makes bad outcomes unobservable,
the poorer treatment obtains a better reputation (bottom row: all improve) than the good treatment (top row: 3/4 improve, 1/4 remain stable).

The specific assumptions of the model are as follows: for a focal
treatment, let d(x) denote the density function that describes the
distribution of outcomes (measured on some scale of goodness).
To implement a reporting bias such that a better outcome is
always more likely to be reported than a worse outcome, we
assume an individual who obtains outcome x will report this
outcome with probability f(x), where f is a strictly monotone
increasing function of x. A learner has access to the reports of
an infinite number of people who have tried the treatment in
question. The learner then observes a distribution of reported
outcomes with density function d(x)f(x) divided by a constant

factor ∫∞−∞d(y) f(y) dy to maintain unit total probability. Thus,
the average observed outcome is shown in Figure 6.

Figure 6. Average observed outcome.

To formalize comparison of treatments, define one treatment
as strictly better than another treatment if the probability that
it gives an outcome better than x is always at least as high, and
for some x higher, than the probability that the other treatment
gives an outcome better than x. It then holds that for any given
treatment, one can always find another outcome distribution,
corresponding to a hypothetical treatment, such that the former
treatment is strictly better than the latter treatment but
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nonetheless the learner will choose the latter treatment because
it will have a better average observed outcome.

We model goodness of outcomes as values on the real line.
Reporting bias is modeled as a strictly monotonic function f
satisfying f (x) → 0 as x → −∞ and f (x) → 1 as x → ∞. Let
d1(x) be the density function of a non-degenerate probability
distribution on the real line, and let D1(x) denote its cumulative
distribution function.

Theorem 1
For every distribution d1(x) with cumulative distribution function
D1(x), there exists a distribution d2(x) with cumulative
distribution function D2(x) that is strictly worse (ie, D2(x) ≥
D1(x) for all x and D2(x) > D1(x) for some x) but is perceived
as better using some perception bias function f. That is the
average observed outcome of the strictly worse distribution
d2(x) is better than the average observed outcome of d1(x)
(Figure 7).

Figure 7. Equation shows treatment two appears more effective.

What the theorem says is that there exists a distribution d2(x)
of outcomes that is strictly worse than d1(x), but that will
nonetheless (under the reporting bias f) have higher perceived
value (see Multimedia Appendix 3).

Discussion

Principal Findings
We found that the reputed benefit of weight loss diets and
fertility treatments is larger than the real benefit, apparently
because people with typical or poorer outcomes are less inclined
to tell others about their experiences. Thus, the real-world
reputation of medical treatments seems to be subject to a
reporting bias akin to the publication bias toward positive results
that is seen in scientific research [26]. Moreover, we found the
resultant reputation distortion to be large enough to influence
people’s decisions about which diet to begin.

An alternative explanation for the unduly positive reputation
of the Atkins diet in our data is that reviewers make mistakes
or lie. However, it seems unlikely that measurement error could

account for the three- to four-fold difference in weight loss we
observed, or that reviewers exaggerate to such a large degree
in an online review. Similarly, error alone seems unlikely to
account for the significant differences in conception rates, and
reviewers had little motivation to lie about pregnancy status. It
is also unlikely that fake reviews (written by people wishing to
inflate or deflate the reputation of the product) account for our
results. The deviation between the reputed benefits and the real
effects of the treatments is similar across all eight Atkins diet
durations (Figure 1), similar across 15 years of diet book
reviews, and is similar over all three menstrual cycles. This
consistent pattern of deviation seems more likely to stem from
characteristics of human psychology than from deliberate fake
review creation.

Although our analysis focused on specific weight change, the
experimental data indicates that the general positivity of the
review has a stronger influence than the reported weight loss.
However, it is not crucial to our main hypothesis whether people
are mainly influenced by the emotional or quantitative aspects
of others’experiences because these are closely correlated, both
in our data and in other studies of diet satisfaction and weight
loss [27-29]. Our sample was perhaps less interested in losing
weight than the population of people who are beginning diets.
It is possible that prospective dieters would be more sensitive
to specific weight information.

Conditions Where Reputation is Distorted
In summary, we found support for our hypothesis that ineffective
and even harmful treatments may spread in a population when
(1) treatments depend on word-of-mouth reputation, (2) treated
individuals with poor outcomes can remain “invisible”’ if they
so wish, and (3) there is a broad range of outcomes. Moreover,
the mathematical model shows that the distortion of reputations
does not act equally across all treatments: a treatment that
succeeds in pulling individuals from bad to intermediate
outcomes may, paradoxically, seem worse than a treatment that
fails to help individuals with bad outcomes. The bias may
therefore account for the historical proliferation of ineffective
medical treatments [5].

A slightly different, but conceptually similar, distortion may
occur when doctors forget about patients who die under their
care. Treatments like bloodletting are especially dangerous to
individuals in poor health [30,31]. Given that such individuals
were quite likely to remain sick or disabled for the remainder
of their lives, a treatment like bloodletting may
counter-intuitively appear effective because the past patients
who have been bled appear healthier than the past patients who
were never bled. What has really happened is that the doctor
has “culled” the individuals most likely to remain ill or infirm.
Patients killed by harmful treatments may be relatively easy to
omit from considerations of treatment effectiveness simply
because they have been removed from the community. Although
the cause of distortion is different (patients with bad outcomes
die and are forgotten versus patients with bad outcomes are
inclined to remain silent), our mathematical model describes
both cases.

It is not necessarily the case that treatments directly compete
in the way our model assumes. Rather than comparing a number
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of treatments and selecting the one with the best reputation,
people may simply adopt the first treatment that meets some
criteria (eg, “two consecutive people rate it highly”). The
reputational distortion we document means that such criteria
will be met more frequently and thus it might cause people to
adopt more treatments, including more ineffective ones.

More directly, this feedback bias may be one reason that people
have unrealistically high expectations of weight loss diets and
other medical treatments. For example, in a study where people
were asked to estimate their “dream weight”, “happy weight”,
“acceptable weight”, and “disappointed weight”, before they
began a 48-week diet, 47% of participants did not even reach
their “disappointed” weight [32]. Interestingly, participants’
average “acceptable” weight change was very similar to the
average weight change we found reported in Amazon reviews:
a 25 kg loss.

This positive distortion in reputation has some important
implications for the clinician. Patients are increasingly taking
an active role in determining which treatments to adopt. It is
unlikely that all the information used to make these decisions

will come exclusively from medical professionals or rigorous
research: people will listen to their friends, their family, and to
other patients with similar experiences. Biases that undermine
the reliability of this information, like the one documented here,
will become increasingly important. Doctors and patients should
be aware of them.

Conclusions
Researchers have pointed out that several processes make it
very difficult to identify benefits and harms of medical
treatments when data are not systematically collected. In
particular, treatments with no direct effect will sometimes appear
effective because of the statistical phenomenon known as
regression to the mean and the physiological phenomenon
known as the placebo effect [33,34]. It has also been suggested
that treatments that prolong illness may, perversely, spread
better because they are “demonstrated” for a longer period than
effective treatments [35]. Here, we have explored an additional
mechanism, reporting bias, and its logical consequence: when
people with poor outcomes remain silent, the reputed benefit
of a treatment will exceed its real effect.
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Abstract

There are few mechanisms that bring the academic and business worlds together in a way that would maximize the success of
health technology (health tech) start-ups by increasing researchers’knowledge about how to operate in the business world. Existing
solutions (eg, technology transfer offices and dual degree MD/MBA programs) are often unavailable to researchers from outside
the institution or to those who have already completed their primary education, such as practicing physicians. This paper explores
current solutions and offers a partial solution: include venture capital (VC) panels in medical conferences. These VC panels
educate academics on 2 important and interconnected issues: how to “pitch” their ideas in the business world and what to consider
when creating a company. In these sessions, academia-based start-up companies present their ideas before a VC panel composed
of professional investors and receive feedback on their idea, business plan, and presentation techniques. Recent panel
recommendations from Medicine 2.0 conferences fell into 7 categories: (1) the product, service, or idea you are developing into
a company, (2) determine market forces and identify the target audience, (3) describe your competitive advantage, (4) the business
plan, (5) current and future resources and capabilities, (6) legal aspects, and (7) general advice on the art of pitching. The academic
and business literature validates many of these recommendations suggesting that VC panels may be a viable and cost-effective
introduction to business and entrepreneurial education for physicians and other health care professionals. Panels benefit not only
the presenting companies, but also the physicians, psychologists, and other health care professionals attending the session.
Incorporating VC panels into academic conferences might also illuminate the need for incorporating relevant business training
within academia.

(J Med Internet Res 2014;16(8):e184)   doi:10.2196/jmir.3390

KEYWORDS

start-up; entrepreneurship; health technology; capital funding, telehealth, eHealth, mobile health, health technology, technology
transfer; health 2.0; business pitch; entrepreneurship programs

J Med Internet Res 2014 | vol. 16 | iss. 8 | e184 | p.175http://www.jmir.org/2014/8/e184/
(page number not for citation purposes)

Miron-Shatz et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:Stefan.Becker@uk-essen.de
http://dx.doi.org/10.2196/jmir.3390
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

There is currently a disconnect between academia and business:
researchers lack significant business training during their
education. This gap in training, which stems from the focus on
professional education (eg, in medicine), can impair academic
researchers’ potential integration into the world of
entrepreneurship and business management because they lack
the business training to know i how to build a healthy business
model [1]. This lack of business training for health care
professionals is neither new nor unknown. A study from 1993,
for example, demonstrated that only 3% of young physicians
(younger than 45 years) felt that they were well prepared to
manage the business aspects of medical practice [2]. Today,
psychologists, physicians, and other academics are increasingly
developing interventions for health improvement and disease
prevention, yet the leap into large-scale implementation of these
interventions usually requires business knowledge. Without this
knowledge, researchers are often unable to successfully develop
their ideas commercially and they cannot manage to turn them
into successful products or companies [3].

Our overwhelming sense that the field is alive with effective
interventions that do not later translate to scalable products or
services impelled the creation of the venture capital (VC) panel
at the Medicine 2.0 conferences. The disconnect between
academia and business (or “industry”) can be demonstrated in
2 noticeable areas: the curricula in medical schools and the
agendas of academic conferences. These 2 areas offer barriers,
but also hidden opportunities; by modifying them to include
the discussion of the integration between science and business,
we can bridge the current gap and increase researchers’
knowledge about how to operate in the business world. In this
paper, we seek to cast light on the academia-business gap,
illuminate existing solutions and limitations, and offer a partial
remedy that provides business education in a nutshell.
Additionally, we hope that this solution will make health care
professionals realize what is missing in their training, and
therefore will stimulate demand for changes within the medical
curriculum and training process.

To highlight the knowledge gap, we first examined the
curriculum of Harvard Medical School. Recently ranked as the
number 1 medical school for research in the United States [4],
Harvard Medical School does not currently require its graduates
to take any business classes as part of their education [5]. Thus,
even after completing the 4-year program, most certified
physicians who graduate from Harvard Medical School have
little to no formal business training. This may hamper their
professional development when they begin actively leading
research in the medical field, running private practices, or
creating health-related start-ups (if they decide to do this) [6].

Second, we examined the agendas of several prominent
academic conferences and found that they focused solely on
science, ignoring business implementation altogether. Some
notable examples are the International Federation of Fertility
Societies and the American Society for Reproductive Medicine
Joint Annual Meeting [7], the British Academy of Audiology
Annual Conference [8], and the World Congress of the World

Society for Pediatric Infectious Diseases [9]. None of these
conferences offered any business-related sessions during their
2013 events. Interestingly, even one of the biggest international
medical trade fairs, Medica in Dusseldorf, Germany, has not
staged a VC panel session thus far [10]. Even conferences that
are attuned to the issue of implementation, such as the NHS
Health and Care Innovation Expo, showcase innovations helping
visitors to bring about changes, improvements, and renewals
within the NHS benefiting the whole community, but do not
include a panel to inform medical entrepreneurs on how to bring
their solutions to the stage where they can benefit the entire
community [11]. A welcome exception is the Doctors 2.0 &
You conference [12], which concentrates on understanding how
physicians use new technologies, such as Web 2.0 and social
media, and the impact of these latest technologies on the relation
between physicians and patients, colleagues, industry, and the
public sector. Perhaps because of its focus on integration with
the industry, the first session is a start-up contest bringing
together 7 companies from 5 countries working on diverse
aspects of digital health. Attendees are expected from a range
of industries, including the public, and physicians, professional
and patient associations, pharmaceutical companies,
governments, and insurance companies [12].

Interestingly, the American Medical Association (AMA)
Accelerating Change in Medical Education Conference (held
in Chicago on October 4 and 5, 2013) brought together almost
200 leaders in medical education from across the United States
to discuss innovations needed to bridge the gap between the
training of medical students and the needs of the health care
system. Although there was an opportunity to learn about the
grant projects supported by the Accelerating Change in Medical
Education initiative, there was no VC panel [13]. Because
conferences can instruct and set an agenda for a field, this is a
missed opportunity.

The lack of business training has adverse effects on doctors and
other health care professionals’ forays into the world outside
of medical school. A recent article featured on the Cancer
Network website [14] showed that many doctors are unaware
of the significance of having a proper business plan for their
practice and are often unable to design one even if they do grasp
its importance. Therefore, many struggle financially while
running their practices. The detrimental effect of the lack of
business education is exacerbated when it comes to more
complex financial and business issues. Specifically, the chief
executive officer (CEO) of a patient relationship management
company [15] lists the most common reasons for the failure of
health technology (health tech) start-ups: a lack of specific focus
or adoption point, misunderstanding the consumers’willingness
to pay for the service or how much effort they would be willing
to expend to use it, requiring too much money for development
of the product, having too complex an organizational structure,
and lacking understanding of reimbursement dynamics. The
same problems were raised in an article explaining why business
modeling is crucial in the development of eHealth technologies
[16] and in an article that discussed the importance of
understanding business and economic strategies during the
development of eHealth solutions [17].
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Furthermore, a lack of understanding of business models reduces
the ability of start-ups conceived in academia to receive funding
for their development. The present paper focuses on fundraising
from private sources (primarily from VC funds as discussed
subsequently). However, the need to present a convincing case
for the viability of an idea from a business perspective also
applies when seeking to raise money from government sources
such as federal grants [18], an important source of funding for
health care start-ups [19]. Each source of funding has its own
merits and is aimed at people and companies with different
goals, although considerable overlap does exist between the 2
sources. Some examples are the emphasis on assembling a
skilled team, showing the need for the proposed solution, and
explaining why it should work [20-21]. In both cases,
compelling arguments assist in securing funding. The primary
difference is that federal grants are generally aimed at scientists
who require additional funding to further their academic research
in congruence with their university [22], whereas VC funding
is aimed at companies looking to expand and explore
commercial opportunities for profit [23]. Thus, the latter places
more emphasis on larger growth or commercialization
independent of a host academic institution.

All these issues share a single commonality: scientists lack a
proper introduction into the intricacies of the business world
and, therefore, risk being in a suboptimal position to develop
their idea into a working marketable concept.

Existing Solutions for Bridging the
Academic-Industry Gap

There are 4 main solutions currently in place that aim to
minimize the adverse effects of the problem. These are
technology transfer offices, entrepreneurship centers, specialized
entrepreneurship programs, and medicine/business dual degree
programs. However, none of these solutions will solve the
problem entirely.

The first solution is the technology transfer offices (tech transfer)
present in many universities, companies, and government
organizations [24]. Their role is to identify which research has
potential commercial interest and how to best develop and use
it [25]. Although they serve an important purpose, many tech
transfers do not comprehensively educate scientists about how
the business world works [26-28]. Although they have a definite
positive impact on research development, tech transfers are an
incomplete solution because, in our opinion, many fail to give
researchers the tools necessary for them to flourish and succeed
in navigating the business aspects of the health care industry.

The second solution that sets out to deal with scientists’ lack of
business experience is the establishment of entrepreneurship
centers in universities. These centers provide valuable support
and training to aspiring entrepreneurs or researchers who are
interested in learning more about the business world [29].
Unfortunately, although these centers provide obvious benefits,
their greatest drawback lies in their locality because they are
inherently limited in their ability to help anyone outside of the
specific university in which they are set up. For example, the
Global Consortium of Entrepreneurship Centers (GCEC), which

is the premier organization to promote cooperation between
entrepreneurship centers from different universities, is currently
comprised of over 200 centers across the United States [30].
However, this is limited in scope because researchers from
universities without these entrepreneurial centers rarely benefit
from this sort of support.

The third available solution is specialized entrepreneurship
programs that provide business education to scientists, such as
the Stanford Summer Program on Bio-Entrepreneurship [31].
These entrepreneurship education and training (EET) programs
teach scientists how to develop their research into a viable
product or a functioning company. A quantitative review of all
literature on the subject showed that EETs have a positive
impact on entrepreneurial success [32]. The study found a
statistically significant relationship between EET and
entrepreneurship-related human capital assets (r=.217) and
between EET and entrepreneurship outcomes (r=.159). More
importantly, the study showed that the relationship between
EET and entrepreneurship outcomes is stronger for
academic-focused EET interventions (r=.238) than for
training-focused EET interventions (r=.151), which emphasizes
the importance of EET for academics. Again, the shortcoming
is that EETs are a localized solution with limited coverage.
Despite having a definite positive impact, EET programs cannot
reach most health care professionals and researchers.

The fourth solution is a combined Doctor of Medicine (MD)
and Master of Business Administration (MBA) program. These
dual degree programs are designed with the goal of training
physicians who are skilled in both medicine and business
management. The integrated curriculum is designed in a way
that strives to increase the drive, enthusiasm, and ambition of
the degree candidates, containing the most important concepts
from both fields: from strategy, finance, marketing, and
economics on the business end to anatomy, physiology,
biochemistry, and all other related core science disciplines of
medicine [33,34]. Such programs are currently available in over
50 universities around the United States [35]. Dual degree
programs are also effective in that students who participate in
a dual degree program often perform better academically and
have a higher degree of satisfaction with their studies than
students who complete only an MBA or Doctor of Pharmacy
(PharmD) program [36,37]. Although they offer the best and
most extensive form of combined training (as far as receiving
a business and a medical education goes), these dual degree
programs suffer from a shortcoming similar to the one
mentioned previously: anyone who did not study in such a
program is unable to benefit from their existence. In addition,
there is a scarcity of similar programs accessible to physicians
during or immediately after residency training [38]. Lately,
distance learning and online technology have permeated all
levels of business education. However, most profiled programs
so far are for general MBAs rather than combined MD/MBAs
[39]. None of the courses featured by the Financial Times’
Online MBA Listing 2014 focused on health care. Once again,
the solution falls short because it reaches only a relatively small
portion of the health care population.

For some start-ups, “incubators” may play an important role.
These programs are designed to support researchers coming up
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with ideas by providing an array of business and services
resources. Key to the success of such cooperations are powerful
networks, in which all partners can trust. These are vital for
bringing together know-how and venture capital. Yet, incubators
are found outside of academic settings.

A Partial Solution and Potential Catalyst
for Change: Venture Capital Panels in
Medical Conferences

Having established the existence of a problem—the lack of
business training for health care professionals—and the
drawbacks of current solutions, we would like to propose an
additional (although partial) solution, which overcomes the
locality issue, namely VC panels hosted in medical and health
care conferences. We are aware that VC panels cannot solve
the problem entirely. In fact, anything short of making extensive
business classes mandatory in medical school is unlikely to be
a perfect solution. However, we believe that VC panels are a
highly time- and cost-effective means of getting exposure to a
broader sample of health care professionals. For many attendees,
this can be their first substantial interaction with the business
aspects of the research world. Deciding to attend a 90-minute
session is not as big a time or financial commitment as deciding
to enroll in an MBA degree, for instance. Because of this, VC
panel sessions in academic conferences may attract people who
are only in the early stage of considering business training or
are exploring the relevance of the business world to their
practice. Thus, these sessions can serve as a catalyst for creating
demand for business education to be included in medical and
other training and continued education programs.

Venture capital is funding provided to start-up companies. A
VC fund receives equity in the company in return for its
investment [40]; therefore, they tend to be long-term investments
[41]. VC investments generally occur after a seed-funding round
(used to start the business) has already taken place, although
some funds also invest at the seed stage [42]. In 2010, there
were 462 active (investing at least US $5 million) VC firms in
the United States who invested approximately $22 billion into
nearly 2749 companies, 1001 of these companies receiving
funding for the first time [43]. Business factors, such as the
potential for rapid return on investment and a credible business
plan, are generally considered more important than product
characteristics [44].

A VC panel is where companies and start-ups present their idea
to venture capitalists in front of an audience and they are often
included in industry conferences, events, and television shows,
such as Shark Tank or its UK equivalent Dragon’s Den. A
number of prominent events developed in the United States
over the past 7 years within the field of health information
technology (IT). Examples are the Venture+ forum at the Health
Information Management Systems Society (HIMSS) conference
(Venture+ 2014: Health IT and Partnering Forums [45]), the
Telemedicine Venture Summit at the conference of the
American Telemedicine Association (American Telemedicine
Association 2014 [46]), and the HealthTech Conference [47].
All combine educational components with possibilities for

start-ups (between 10 and 45 companies) to present themselves
to a panel. In 2013 and 2014, most topics revolved around
mobile health (mHealth), in particular, patient-doctor
communication. Benchmarking of the events is difficult because
the number of applicants, growth attendance, and criteria for
selection is not always made publicly available. One example
comes from the HealthTech 2013 Conference, which hosted the
“Grand Rounds Innovation Showdown.” During this event, 10
start-up companies in the health industry (chosen out of more
than 150 applicants) pitched their product or service to a group
of judges, in front of a crowd of more than 400 health care
executives, IT decision makers, venture capitalists, and members
of the press [47]. Unfortunately, no reliable data exist in
examining the extent to which VC panels have affected the
development of companies in which they have invested. Similar
events in Europe are relatively rare: The Charité
Entrepreneurship Summit has only recently started focusing on
IT (Charité Entrepreneurship Summit 2014 [48]). The biggest
Medical IT conference, Connecting Healthcare IT (conhIT),
has not offered VC panels thus far [49].

The benefits of including VC panels in academic conferences
extend both to the companies presenting and to the audience.
The companies receive invaluable feedback and get to practice
“pitching,” an essential skill in the business world [50] that is
not a part of the academic training process. For the audience,
the benefits include hearing about innovative new companies,
learning from the feedback the companies receive, and becoming
more familiar with pitches and company presentations. Panel
members also benefit from an early glimpse at cutting-edge
scientific developments and from exposure to existing and future
academic entrepreneurs. Networking opportunities abound for
all parties involved.

Venture Capital Panels at the 2012 and
2013 Medicine 2.0 Conferences

The Medicine 2.0 conference, established by Gunther Eysenbach
in 2008, focuses on subjects such as digital disease detection,
health information on the Web, and business models in a Web
2.0 environment [51]. This conference is perfectly positioned
for beginning to bridge the gap between industry and academia,
and for suggesting a new agenda. It showcases studies by
researchers who either developed interventions for improving
health and the transfer of health information, or are evaluating
existing practices. In an era of burgeoning innovation and
technological advancement in health care, there is great
opportunity to marry the 2 sides. We propose to achieve this
not only by introducing academics to investors, but also from
providing academics with the knowledge and know-how of
turning their validated ideas into businesses.

For the past 2 years (2012 and 2013), the Medicine 2.0
conference included a start-up panel organized and chaired by
Professor Talya Miron-Shatz, a decision scientist, industry
consultant, and CEO of CureMyWay, a behavior change
start-up. During the panel sessions, companies conceived inside
or alongside academic institutions presented their ideas to
investors and other stakeholders, and received feedback that
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also served to inform the audience in attendance of the
requirements of obtaining funding from such sources.

Members of the panels in 2012 and 2013 were seasoned
investors: William Cowen of Long River Ventures, Boston;
Joseph Kvedar of Health Partners, Boston; Jay Mohr of Locust
Walk Partners, Boston; Jigar Patel of McKinsey & Company,
London; Sid Thekkepat of m8capital, London; and Jack Young
of Qualcomm Ventures, San Diego.

The companies that presented to the 2012 and 2013 VC panels
had interesting and novel ideas in various stages of development.
They ran the gamut from a person with an idea, 2 people
developing a service, a company that had already established
an impressive advisory board and raised funds, and many
variations in-between. Their ideas included query engines for
medical information, an online teenager community for
maintaining a healthy body image, a system incorporating cell
phone cameras with real-life Petri dishes to test water quality
in Africa and elsewhere, a platform facilitating medical research,
a health app, and a system for providing physicians with the
most-read articles in their field. This suggests that Health 2.0
entrepreneurs can found companies based on a wide range of
capabilities. The panel feedback reveals similarities in business
needs, despite broad diversity in start-up topics.

For many researchers, the VC panel was an eye-opening first
encounter with the business world. Therefore, we aggregated
the feedback from the panels and compiled a list of the most
critical pieces of information that the panelists related to
companies. Entrepreneurs need to consider all the points
mentioned subsequently when preparing a business presentation,
but they are also crucial when developing the business idea and
the company itself. In addition to this benefit, the feedback from
the panels can help to outline and prioritize the subjects that
entrepreneurial programs cover.

Table 1 lists the specific topics that companies were required
to include in their pitch, with an example from a fictitious
company. In this example, the fictitious company developed an
apparatus for avoiding spillage when applying eye drops.
Although the pitch was only 6-7 minutes long, presenting
companies were required to cover all relevant topics.

The remainder of this paper outlines lessons learned from the
VC panels, validates these lessons using current scientific and
business literature, and discusses the potential implementation
of VC panels as a partial yet scalable solution to health
researchers’ lack of familiarity with the business world.

Table 1. Topics to be addressed in a business presentation (pitch) for a hypothetical product to reduce eye drop spillage.

ExampleTopic

Patients applying eye drops spill 30% of the drops outside their eye.The need or the problem

Unless someone helps the patient, there is 30% spillage. No gadgets exist
to solve the problem.

The current state of affairs

A mechanical device that is placed on the eye. The eyedrops bottle is
placed in it. This ensures the bottle stays steady and there is less spillage.

The company’s solution

It is cheap to produce and therefore affordable, it minimizes spillage by
70%, it can be sterilized, and it requires no special skill to use.

Why the company’s solution is better than other solutions

100 million people worldwide apply eyedrops at least once a day.The market

The device will be distributed by medical insurers to ensure efficacy of
eyedrops and reduce medication waste, which leads to repurchase or the
device will be sold to directly to consumers.

Monetization

There is a currently a fully functional prototype.Development phase: technologically

There is an ophthalmologist on board as a chief scientific officer, an engi-
neer as a CEO, and 2 graduate engineering students on the development
team.

Development phase: team

An NIH grant of $300,000 for 1 year, borrowed $45,000 from friends and
family, and received a $100,000 angel investment.

Funding so far

Seeking $1,000,000 for a postinvestment evaluation of $3,000,000.Business proposition for investors: how much the company is looking to
raise and under what terms

Venture Capital Panel Recommendations
at the 2012 and 2013 Medicine 2.0
Conferences

The panelist comments (from 2012 and 2013) converged into
7 key areas, explained subsequently.

The Product, Service, or Idea You Are Developing Into
a Company
Similar to the introduction section in a scientific paper, as the
presenter you need to assume that the people you are presenting
to are intelligent, but not necessarily familiar with the specific
issue or field you are working on. Again, like an introduction
section, presentations require that you cover certain points before
describing your results—or product in the case of VC panels.
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1. Background: What problem does your product solve?
Describe the current state of affairs, such as the magnitude
of the problem. For example, “100 million people apply
eye drops each day. Studies show that 25% of the active
material is lost due to improper application. This reduces
the effectiveness of the drops, causing drug switches,
unnecessary doctor visits, and a 12% increase in eye
infections.” Note that the background is based on scientific
findings, but is very succinct and presented using simple
terms. Information to include encompasses several aspects
of the product, which go beyond the technical description
of how the product operates. Specifically, in order to
convince investors of the potential success of the product,
the company needs to make educated prediction regarding
usage and acceptance of the product, by consumers
(patients), as well as other stakeholders, such as insurers
and physicians.
• What is your solution (the product)? This should be a

concise description that people from outside of the
industry will be able to understand.

• How will the costumer use the product? This ties in
with the description of the product and shows what sort
of a relationship the target costumer will have with the
product.

• Are people willing to pay for your product? This
dovetails with the questions regarding the business
plan, subsequently, and should be backed up with facts
(eg, market research, surveys, and similar product
histories).

2. Stakeholder analysis: What are the issues that matter to
people who might later wish to use the solution and to those
who would be willing to pay for it? Particularly in the
complex health care arena, consideration needs to be given
to any group or individual who can affect the achievement
of your company’s objectives or is affected by them [52].
For example, “Health insurers are paying for spilled
medication. They want to increase efficiency of application
to reduce the need for repeated purchases of the drops.
Insurers want patients’ health to improve or be steady
because the insurer pays for additional treatments required
due to deterioration. Patients suffer discomfort from spillage
and from reduced effectiveness of the eye drops.”

Determine Market Forces and Identify the Target
Audience
1. What market are you targeting and how big is it? This can

be as specific as necessary to support the value of the
product, but should be specific (eg, “Payers are spending
US $20 million dollars in wasted eye drops each year”)
rather than general (eg, “Health care in the United States
is a US $3.8 trillion industry”).

2. Who are your competitors? In order to scan the competitive
arena, you need to look beyond potential competitors and
assess the competitive forces that can affect prospective
profits [53]. A relevant question posed by panelists in this
context is “What is your barrier to entry?” A barrier to
entry is something that would stop your competition from
developing a similar solution quickly and easily. A barrier
could be an exclusive agreement you have already signed

with major hospitals or health insurers, a patent, or anything
else that requires ample time and/or money or other
resources to develop, such as regulatory approval
certification. Furthermore, you need to ask what degree
your company is dependent upon suppliers and whether
there are substitute offerings that could lure potential
customers away.

3. Who is your customer? In the medical realm, customers
can be divided into the 4 Ps: patient, provider, physician,
and payer. There is also an important group that spans
patient and provider that some products will directly target,
namely caregivers. As a group, caregivers have a significant
influence on the decisions individual patients make. In the
previous example, the customer may be a pharmaceutical
company that wants to differentiate its eye drops from
others’ through using your device, a health insurer who
wants to increase efficiency and reduce medication costs,
or patients wishing to avoid the frustrating spillage.
Likewise, an ophthalmologist can recommend the product
to her patients to maximize efficiency and improve care.

4. What is your ability to ensure consumer engagement and
loyalty? Engagement is increasingly becoming a parameter
for evaluating companies that provide not just a service but
also an experience to the user and should be quantified
where possible.

Describe Your Competitive Advantage
Pitching without describing your competition, even briefly, is
like writing an academic paper without citing any literature.
Showing that competitors exist does not mean there is not room
for your company. Rather, this is a positive because it indicates
that a market exists for your product.

1. What are your competitors’ approaches to the problem?
Are they currently successful (growth rate, revenue, etc)?
What does their success/failure mean for you?

2. How are you different from other services? This is
sometimes also referred to as your differentiator: the feature
or element that will make customers choose you over the
competition.

3. How sustainable is your competitive advantage? How
quickly could competitors imitate your strategy? How
quickly may resources become unavailable?

The Business Plan
The previous questions suggest that in order to pitch well, you
need to be very familiar with the competition and to integrate
these lessons into the building of your own product.

What is your revenue model (“show me the money”)? Including
projected incomes and expenses, this is probably the biggest
difference between the VC panel, which emphasizes financial
sustainability, and the rest of the academic conference, which
revolves around ideas, scientific findings, and implementation.

1. How are you going to make money or, in business jargon,
to “monetize”? What is the payment model? If you plan to
earn money primarily through reimbursement, does your
model actually function? How long does it take to get paid?

2. Do you have an exit strategy? In other words, is there a
feasible scenario for selling of your company or service
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that would no longer require your involvement? This is
something VC investors seek because they expect a high
return on their investment.

3. What is the lifetime value of a customer versus the cost of
recruiting a customer? The bigger the gap between the 2,
the more lucrative your business proposition. This relates
to the question of how long they will a customer/patient
use the product.

4. How much capital have you raised so far and how? This
includes any personal financial stake that you have in the
company. For example, “We have already raised US
$50,000 from personal savings and angel investment.”

5. How much capital do you need and how are you planning
to raise it? You should be able to justify the required capital
and be able to explain what you plan to spend it on over a
given time period (eg, staff costs, patenting your ideas,
developing a prototype, or expanding the business to other
markets). For example, “We are looking for US $1.2 million
to fund an 18 month rollout of our product to the top 20
payer systems in New England by recruiting a product
manager, sales force, marketing department, and investing
in research and development to improve product quality
and reduce manufacturing costs.”

6. What business proposition are you looking to offer
investors: how much money and under what terms? How
much of your company are you willing to give up in
exchange for the funding? It is crucial to be aware of this
and have a plan before approaching the negotiations table.

Current and Future Resources and Capabilities
1. What phase is the company in technologically? How

developed is the product? How far ahead are you in
bureaucratic procedures such as patent filings and Food
and Drug Administration (FDA) approvals?

2. What phase is the company in as far as a team is concerned?
How experienced are team members? How well do they
work together? Are they fully dedicated to the company
(eg, what stake do they have in the company and what
incentives do they receive)?

3. What are your monetary and development goals? What is
the timeframe for the development of the business? Is it
possible to accelerate progress using additional funding?
Are there any potential bottlenecks that could hinder
development? Are there any crucial deadlines?

4. Is your idea scalable and how? Scalability is the company’s
ability to expand and deliver its products and services to
multiple clients in various locations in a cost-efficient
manner. In a digital world, this is simpler than it used to
be. Scale, a prerequisite to growth, needs to be
demonstrated.

Legal Aspects
1. How are you dealing with intellectual property laws? This

is particularly pertinent to companies that evolved in a
university setting, where the intellectual property often
belongs to the institution, not the researcher.

2. How are you dealing with privacy laws? Data ownership
needs to be established, as does adherence to regulations
such as those determined by HIPPA [54]. As shown by
Miron-Shatz and Elwyn [55], most patients will not be
aware of breeches to the privacy of their data, but such
breeches occur consistently. For example, if a company
offers a platform where physicians can share pictures of
various ailments (even if patient information is
deindividuated, so they cannot be identified), its founders
need to ensure that this is in compliance with the Health
Insurance Portability and Accountability Act (HIPAA) and
other regulations because patients have ownership of their
own pictures, meaning these may not be able to be shared
by others without clear permissions in place.

General Advice on the Art of Pitching
Apart from the content, the style and conveyance are also
important, as business success hinges on impactful pitching.
Similar to writing a scientific paper, having the data and the
results is crucial, but the authors also need to present their
arguments in a compelling manner so the journal accepts them
(Textbox 1). Specific tips for presentation purposes were:

1. Be as focused and concise as possible. Both investors and
your audience have a short attention span.

2. Use clear communication. Commercializing is a skill and
has a language of its own. Beyond that, your communication
needs to be clear and simple. Many comments revolved
around the need to explain what the company does, from a
number of angles, and in plain language. Make sure what
you say is intelligible to people who are unfamiliar with
the specific domain you operate in. On the first presentation
slide, include a one-line description of your product/service
(eg, “OpenTable for doctors”) so the panel and the audience
will immediately know what your company does.

3. Use examples to highlight the need for your product and
to show how you solve this need better, faster, and/or
cheaper than anyone else does. You can do this by using
cases of “the day in the life of...” a patient, physician, etc.
This is the easiest way to show the panel how the product
or idea works.

4. Show a lot of energy for your product to demonstrate that
you believe in it and you will make it a success. This energy
is something that a standard academic talk may lack because
it is less of a “show” and more of a serious scientific
presentation.
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Textbox 1. Correlates of academic and business presentations.

One of the 2013 panelists, Jigar Patel, who has a PhD in computer science and artificial intelligence, related how he prepared for his first academic
talk, some years ago. He mentioned preparing ferociously for hard questions he thought he might be asked, but spending too little time thinking about
the story he was about to tell, recapping his results in a compelling manner.

This anecdote demonstrates that pitching is an acquired skill, which everyone, including those currently well versed in business lingo, had to learn
and master at some point. This is similar to the challenge a company faces when pitching its business idea to prospective investors or business partners.

In a way, a business presentation is not different from writing the abstract of a scientific paper, which needs to convince its reviewers that it is worth
publishing and its potential audience that it is worth reading. Just like a scientific paper, business presentations also have their logic and acceptable
structure.

Final Words of Advice From the Panelists
1. Create barriers to entry by making it hard for others to

imitate what you do. Accomplish this through a great user
experience, intellectual property and patents, and/or through
distribution channels and exclusive partnerships. The goal
of this is primarily to protect yourself from intellectual theft
of your product. This also makes it harder for other
companies to compete with you directly by stealing your
designs or methods.

2. Do not take it personally! Funders may choose not to invest
just because they are in a late stage in the life of the fund,
which means they are reserving money for continued
investments in existing enterprises. There are many reasons
why a funder may think your idea is brilliant, but still not
invest.

3. Add value before seeking VC funding so you can retain
more control in your company. Do so by looking for
alternative sources of funding: collaborations, disease state
groups, or nondilutive funding (eg, grants). These
alternative sources of funding will likely also require a
compelling business plan, pitch, or a proposal.

4. Practice makes perfect. Pitch to friends, colleagues, and
mentors to get feedback before going to VCs. Consider
filming yourself on video—this is a very honest way of
realizing how you come across when you pitch. Get all the
coaching and mentoring you can from people who will give
you honest critical constructive feedback and give it your
best shot.

Validating Venture Capital Panel
Feedback Against Contemporary
Business Advice

When examining the academic literature on the subject, we
found that our advice to presenting companies about how to
make a successful pitch and how to create a business plan was
similar to that included in published business books and articles
[56-61]. Business authors recommend defining the target market,
identifying revenue mechanisms, and considering the
competitive strategy. In addition, the strength of arguments is
dependent on the passion, enthusiasm, credibility, interpersonal
behavior, social signals, and honesty driving a fact-based
presentation [60-64]. A number of articles from popular business
magazines offering “golden rules” or “typical mistakes”
resemble the advice we gave participants at the Medicine 2.0
VC Panel [65-69]. Among typical mistakes were not being
concise during the pitch (eg, “the elevator pitch is longer than

1 minute” or “the PowerPoint presentation is too long”), not
having a factually supported, well-written executive summary
(which is a less-detailed version of a business plan), overlooking
a realistic exit strategy for investors, and taking things personally
(“failure to listen”) [67]. The “10 Tips Successful Business
Pitch Presentation” on the Harvard Entrepreneurships website
complements our panels’ conclusions [68]: “find the right
investors to pitch to” and “let the investors ask themselves why
they should join you.” Research findings that supplement our
experience comes from a study that coded 11 episodes of the
Dutch Dragons’ Den television show. During these episodes,
43 people pitched their new products to 5 investors. The author
found that whether the language of the pitch was concrete or
abstract did not impact investment decisions. However, pitchers
who had more knowledge than what was included in the pitch,
such as the market, target audience, and patents, had 6 times
greater chance of receiving an investment [70]. It also verifies
the need for a succinct presentation: “An investor pitch is a
comprehensive plan that can be communicated according to the
“rule of 3.” There are moments where you have to communicate
your plan in less than 3 minutes.” [70]. This is especially
relevant during the early stages of the pitching process. During
the later stages of negotiations, times allow for 30 minutes or
even 3 hours of presentation and discussion [70]. We can
confidently conclude that the feedback from the panelists closely
reflects advice from other existing business sources, meaning
that VC panels are a credible means of educating academic
entrepreneurs and would-be entrepreneurs in the workings of a
pitch, the creation of a business plan, and the process of fund
raising.

Conclusions

This paper has identified an inherent gap in business knowledge
and training that may impede the translation of medical and
psychological research into applied products, the
commercialization of medical technologies, and the development
of early stage health tech companies. We demonstrated that the
gap reduces the chances of health care professionals engaging
in medical start-ups and seeing their research insights
implemented beyond the laboratory. Without business
know-how, these professionals are less likely to successfully
raise funds to support their companies and bring their ideas to
fruition. The implications of this gap in knowledge go beyond
the level of the individual academic entrepreneur and affect the
entire health care industry. Medical and health care solutions
developed in university settings can evolve into scalable
intervention-based services and devices. Granted, there may be
structural barriers to innovation and technology transfer, yet
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their focus would not necessarily be education. Hence, they
were beyond the scope of this paper.

This paper discusses an additional solution: the inclusion of VC
panels in medical conferences. These panels, which mirror a
similar type of panel common in business conferences, have
been organized at the Medicine 2.0 conference and have drawn
considerable crowds and multiple submissions from companies,
suggesting that all parties involved see potential gain in them
and are willing to engage. The long-term effect of these panels
can be evaluated by changes in the numbers of universities
implementing existing solutions, in the generation of new
solutions (mostly ones that overcome the locality issue), and in
the ultimate creation of start-up companies in academia.

Similar to other solutions, VC panels are only a partial remedy
to the lack of business knowledge of health care professionals.
Rather than attempt to fix the problem in its entirety, VC panels
can give both the companies presenting their products and the
audience in attendance a chance to see how the business world
functions. We regard the panels not only as a means of bridging
the knowledge gap, but also as a way of sending a clear message
to academicians and researchers: no matter how good your ideas
are, you need to be able to understand how the business world
works if you want to bring them to fruition. This can be an
important teaching experience for health care professionals and
researchers who are interested in developing products and
services, and it is an experience that they are unlikely to receive
anywhere else in the current medical educational system.
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Mohr and colleagues recently presented an important paper
describing an integrated conceptual and technological
framework for eHealth and mHealth interventions, using existing
models as their point of departure [1]. They mentioned that the
focus of existing psychological models on clinical outcomes
instead of behavior is one of two limitations. However, behavior
is a central element in both of the provided examples—the
theory of planned behavior and the social cognitive theory. The
second limitation was that “psychological models do not include
critically important factors that can guide the design and
specifications for a BIT (behavioral intervention technology)”
[1]. The idea of describing a BIT model that supports the
translation of intervention components into features is accepted
with open arms.

The BIT model was developed based on a review of three design
models proposed by Ritterband [2], Fogg [3], and
Oinas-Kukkonen [4], and addresses the limitations of these
existing design models. Although the authors of the paper
acknowledged that the review was not exhaustive, consideration
of the intervention mapping (IM) protocol [5,6] would have
added value to this viewpoint paper. The limitations of the
existing design models are also addressed within IM, and there
is overlap between the BIT model and IM, but each has their
own unique contributions as well [7].

IM is a protocol for developing theory- and evidence-based
interventions. IM describes the development process in six steps:
(1) needs assessment, (2) specifying performance objectives
and change objectives, (3) selecting theory-based intervention
methods and practical applications, (4) designing and organizing
the intervention, (5) specifying adoption and implementation
plans, and (6) generating an evaluation plan. The protocol guides
developers through each of these steps by means of specific
tasks. I will focus on steps (2)-(4), as these steps are related to
the limitations highlighted in the viewpoint paper by Mohr et
al.

In step 2 of IM, the required actions (ie, performance objectives)
for the behavioral outcomes have to be specified. Performance
objectives are specific sub-behaviors of the health promoting
behavior. For example, when you like to promote condom use
(health promoting behavior), you want people to obtain condoms
in order to use them. This is in line with the BIT component
Aims. In the BIT model, attention is being paid to usage aims.
Although use can be considered as adoption and implementation
at the individual level [8], it is good to think ahead and consider
use as a behavior with its own determinants [9]. Therefore, in
IM, each performance objective is crossed with its determinants,
resulting in the formulation of change objectives. These are
specific goals of an intervention—to change the determinants
of sub-behaviors.
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In step 3 of IM, methods and applications are selected to
influence the determinants in the desired direction. This step
circumvents the limitations of existing design models in that
“the Ritterband model does not articulate how technological
components might be mapped onto more specific (and promixal)
intervention goals” and the Fogg Behavior Model “does not
purport to guide applications focused on changing attitudes or
cognitions” [1].

A theoretical method is a general technique or process for
influencing changes in the determinants, whereas an application
is a specific technique for the practical use of theoretical
methods in the context of the intervention. This is reflected in
the BIT components Behavior change strategies and Elements,
but parameters for use are not mentioned in the BIT model. The
parameters for use are conditions that need to be met for a
practical application to accurately reflect the theoretical method.
If these parameters are lost in translation from method to
application, then the method may not be used correctly and its
effectiveness might be undermined. For example, feedback as
a method works well if the feedback is personalized, follows
behavior in time, and is specific [10]. This is different from the
method of providing information about others’ approval, which

can only work optimally if positive expectations are available
in the environment [11].

In step 4 of IM, the methods and applications are organized in
a program plan. This gets round the limitation of the
Oinas-Kukkonen model that “does not discuss how individual
intervention elements may be varied or integrated into a larger
treatment program” [1]. IM has been used to develop eHealth
or mHealth interventions [12,13] but is applicable to other
intervention types. The BIT model provides tools that are very
useful and more specific to the context of eHealth and mHealth
interventions (ie, the BIT-Tech aspect of the model).

In sum, both the BIT model and IM address the limitations of
existing models. Despite considerable overlap, they each have
a unique contribution. Whereas IM stresses the importance of
parameters for use, the BIT model focuses on the technical
instantiation. The BIT model and IM are complementary, each
with their own qualities. For example, when using IM, the
BIT-Tech aspect of the BIT model is deemed useful in step 4.
On the other hand, when using the BIT model, intervention
developers should take the parameters for use from IM into
account and report this in the research protocol [14]. In my
opinion, the unique contributions of both should be valued
during the intervention development process. 
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In this issue of JMIR, Liyanagunawardena and Williams have
provided fascinating insight into the world of massive open
online courses (MOOCs) as they have emerged over the past
few years [1]. Their findings are clear: there is already a range
of MOOCs available and they can be used for a variety of
purposes in undergraduate medical education and continuous
medical education for medical students, doctors, and health care
professionals, with potential in health education amongst the
general public.

These are interesting findings and may represent a significant
“next step” in the provision of online learning in health care
professional education. However, some would say that the past
ten years have been as much about the hype of online learning
as about the real outcomes that it can actually achieve [2]. This
phenomenon is not peculiar to online learning—it happens with
virtually all new media when they are initially introduced to
education. In past few years however, there has been a shift in
thinking about this new delivery mechanism of learning.
Exponents of online learning no longer claim that it can do
everything or that it will replace face-to-face education, rather,
they are starting to think about how it can be used strategically
and how its advantages can be adequately harnessed. Such

advantages might include its flexibility or increased access to
learners. This new and sober atmosphere with regard to online
learning in medical education means that it is probably a good
time for the medical education community to look at how
MOOCs can be harnessed to deliver better education.

Certainly MOOCs satisfy many of the criteria that providers of
medical education would like to achieve. They enable increased
access, flexibility, and choice to the learner by offering learning
at a time and place that suits the learner with substantial amounts
of educational content. Another important component is that
they are free to the learner. Free access is clearly important to
many learners, but the current business model for the provision
of MOOCs remains uncertain. Online learning is associated
with significant costs, which cannot be ignored in the current
economic environment [3]. How long will universities be able
to make their content freely available throughout the world
without undermining their basic business model, which involves
charging learners for their courses? The answer to this question
will likely help us draw conclusions as to whether MOOCs are
just another passing technology fad or a sustainable long-term
solution.
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