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Abstract

Background: Increasing cases of diabetes, a general lack of routinely operational prevention, and a long history of separating
disease prevention and treatment call for immediate engagement of frontier clinicians. This applies especially to village doctors
who work in rural China where the majority of the nation’s vast population lives.

Objective: This study aims to develop and test an online Smart Web Aid for Preventing Type 2 Diabetes (SWAP-DM2) capable
of addressing major barriers to applying proven interventions and integrating diabetes prevention into routine medical care.

Methods: Development of SWAP-DM2 used evolutionary prototyping. The design of the initial system was followed by
refinement cycles featuring dynamic interaction between development of practical and effective standardized operation procedures
(SOPs) for diabetes prevention and Web-based assistance for implementing the SOPs. The resulting SOPs incorporated proven
diabetes prevention practices in a synergetic way. SWAP-DM2 provided support to village doctors ranging from simple educational
webpages and record maintenance to relatively sophisticated risk scoring and personalized counseling. Evaluation of SWAP-DM2
used data collected at baseline and 6-month follow-up assessment: (1) audio recordings of service encounters; (2) structured exit
surveys of patients’ knowledge, self-efficacy, and satisfaction; (3) measurement of fasting glucose, body mass index, and blood
pressure; and (4) qualitative interviews with doctors and patients. Data analysis included (1) descriptive statistics of patients who
received SWAP-DM2–assisted prevention and those newly diagnosed with prediabetes and diabetes; (2) comparison of the
variables assessed between baseline and follow-up assessment; and (3) narratives of qualitative data.

Results: The 17 participating village doctors identified 2219 patients with elevated diabetes risk. Of these, 84.85% (1885/2219)
consented to a fasting glucose test with 1022 new prediabetes and 113 new diabetes diagnoses made within 6 months. The
prediabetic patients showed substantial improvement from baseline to 6-month follow-up in vegetable intake (17.0%, 43/253 vs
88.7%, 205/231), calorie intake (1.6%, 4/253 vs 71.4%, 165/231), leisure-time exercises (6.3%, 16/253 vs 21.2%, 49/231), body

weight (mean 62.12 kg, SD 9.85 vs mean 58.33 kg, SD 9.18), and body mass index (mean 24.80 kg/m2, SD 3.21 vs mean 23.36

kg/m2, SD 2.95). The prediabetic patients showed improvement in self-efficacy for modifying diet (mean 5.31, SD 2.81 vs mean
8.53, SD 2.25), increasing physical activities (mean 4.52, SD 3.35 vs mean 8.06, SD 2.38), engaging relatives (mean 3.93, SD
3.54 vs mean 6.93, SD 2.67), and knowledge about diabetes and risks of an imbalanced diet and inadequate physical activity.
Most participating doctors and patients viewed SWAP-DM2 as useful and effective.

Conclusions: SWAP-DM2 is helpful to village doctors, acceptable to patients, and effective in modifying immediate determinants
of diabetes at least in the short term, and may provide a useful solution to the general lack of participation in diabetes prevention
by frontier clinicians in rural China.
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Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 66772711;
http://www.controlled-trials.com/ISRCTN66772711 (Archived by WebCite at http://www.webcitation.org/6OMkAqyEy).

(J Med Internet Res 2014;16(4):e98)   doi:10.2196/jmir.3228
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Introduction

The rates of type 2 diabetes mellitus (DM2) are increasing and
it is expanding rapidly from primarily affecting people in
developed nations to also afflicting people in the developing
world [1-3]. It is predicted that diabetes will claim up to 366
million people worldwide by 2030 [4]. This epidemic is also
growing in China [5-7]. A recent nationwide investigation
revealed that age-standardized prevalence of total diabetes in
China is as high as 11.4% in urban areas and 8.2% in rural areas
[8-10]. Diabetes interacts with other major risk factors (eg,
hypertension, dyslipidemia) and increases the risk of a variety
of morbidities (eg, chronic kidney disease, end-stage renal
disease, atherosclerosis, coronary heart disease, and cerebral
ischemia) leading to tremendous physical, psychological, and
socioeconomic suffering and burden [11-13]. Diabetes develops
from prediabetes, a lesser degree of hyperglycemia [14,15], and
it is well established that the risk of this progression can be
modified substantially (by 20% to 60%) regardless of nation
and population group [16-20]. Encouraged by high efficacies,
research efforts have been invested in this regard and a whole
range of information, education, and communication are
available, including guidelines, protocols, tool kits, and best
practices [21,22].

Unfortunately, proven interventions against diabetes are not
being practiced routinely in China. This is especially true in the
resource-poor rural areas where more than 75% of the vast
population lives. Previously published studies and our own
preliminary investigations all suggest that rural village doctors
seldom participate in identifying and preventing diabetes
[23,24]. As a result, 42% to 82% of rural villagers newly
screened with diabetes had never been diagnosed with the
disease before and knowledge about prediabetes or diabetes
among rural villagers is extremely low. The primary reason for
this gap between proven technologies and application may relate
to a general lack of necessary knowledge and skills among
village doctors in rural China. Less than 12% of village doctors
have received formal training on diabetes, and only 43% knew
basic knowledge about diabetes prevention [25,26]. Another
barrier preventing routinely implementing proven interventions
may be lack of incentives [27,28]. Persistent promotion of
lifestyle modification, the key to diabetes prevention, requires
sustained momentum. This calls for continuous monitoring,
supervising, and rewarding. However, all these are generally
missing with the current health care systems in China, especially
those in resource-poor areas.

In response to these challenges and others, we started a
quasi-cluster randomized controlled trial (ISRCTN66772711)
in Lu’an, Anhui, China. It aimed at devising, implementing,
and evaluating an intervention package to reduce progression

from prediabetes to diabetes among male and female farmers
aged 40 and older and establishing a sustainable mechanism for
integrating diabetes prevention within routine medical service.
The trial utilized a batched implementation strategy in which
villages were recruited in blocks to practice planned intervention
with former blocks informing later ones. For each block,
measurement occured at baseline and every 12 months (for
plasma glucose) or monthly (for knowledge, behavior, body
weight, and blood pressure) after baseline. The intervention
package is known as educating doctors and electronic supports,
counseling diabetes prevention, recipe for lifestyle modification,
operational toolkit, performance-based reimbursement for
doctors, and screening service (eCROPS). The overall trial
protocol has been published elsewhere [29]. This paper
documents the “e” component of the intervention package. The
Smart Web Aid for Preventing Type 2 Diabetes (SWAP-DM2)
was designed to tackle existing barriers to applying proven
interventions and integrating diabetes prevention with routine
medical care by using evidence-based measures in an innovative
and synergetic way.

Methods

Development of Initial SWAP-DM2
The SWAP-DM2 inherited the strategies and theoretical
frameworks we used successfully in producing a practical
computerized expert system for routine human
immunodeficiency virus (HIV) voluntary counseling and testing
that simplified the counseling process and leveraged essential
procedures and best practices [30]. It utilized Microsoft Visual
Studio 2008 as the platform, SQL Server 2008 as the data
management tool, C# as the programming language, and
evolutionary prototyping as the overall development approach
in which design of the initial type system was followed by
continuous refinement cycles. The whole process featured
dynamic interaction between development of practical and
effective standardized operation procedures (SOPs) and
Web-based assistance for implementing these SOPs.

The initial SOPs behind SWAP-DM2 were derived through
evidence- and theory-based consensus. First, our research team
on diabetes prevention conducted a systematic literature review
of related guidelines, protocols, theories, and research articles
and then worked out a long list of proven intervention
approaches and models. Second, an expert panel consisting of
experienced counselors, psychologists, clinicians, and nurses
who work with patients with diabetes, as well as experts on
nutrition and physical activities and epidemiologists conveyed
for a consensus meeting and produced a short list of proven
interventions from the long list through clarification,
brainstorming, and rounds of voting. Third, our technical groups
on diabetes prevention and Web program development worked
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together and translated the short list of intervention approaches
and models into primitive SOPs. Fourth, the expert panel
gathered again and revised the primitive SOPs into initial
practical ones. Motivational interviewing played a guiding role
in this process because the core part of the SOP development
concerned counseling lifestyle management and the theory has
been applied successfully for promoting behavior changes in
various population groups (Multimedia Appendix 1) [31].

The prototype SWAP-DM2 built upon the previously mentioned
SOPs through close collaboration between software
programmers and diabetes prevention researchers within our
team. First, our diabetes prevention researchers clarified on an
item-by-item basis the SOPs to our Web programmers and
addressed all enquiries raised by the latter. Following this, the
same 2 groups continued working together and performed an
individual needs analysis in which each item of the SOPs
underwent a semistructured process for identifying potential
Web-based electronic supports for implementing the SOP by
using nominal group techniques [32,33]. Then, the programmers
grouped and combined all the needs identified into pragmatic
applications and program codes.

SWAP-DM2: Mediated Diabetes Prevention
As summarized in Multimedia Appendix 2, the SWAP-DM2
provides a package of support for village doctors in delivering
diabetes prevention ranging from simple educational webpages
and record maintenance to relatively sophisticated risk scoring
and personalized counseling. The essence of the Web is that it
leverages the use of SOPs and best diabetes prevention in a
user-friendly way. The users (village doctors in this case) need
to mainly follow the steps proposed and make minimum
responses by either clicking the mouse or pressing an access
key depending on the users’ preferences. Figure 1 depicts the
general process of SWAP-DM2–mediated prevention and
Multimedia Appendix 3 provides sample application webpages.

For a given patient presenting to a clinic, SWAP-DM2
automatically classifies (after inputting a unique identification
number) the patient as participant or nonparticipant of the
diabetes prevention project and then proposes standard service
for each kind of patient accordingly. If the patient was a
nonparticipant, the system provided SOPs for performing an
integrated rapid assessment (ie, assessing the patient’s risk for
developing diabetes by using a very short instrument while the
patient received traditional medical service), which in turn
enabled the system to automatically assign the patient to either
a high- or low-risk nonparticipant patient group. For a high-risk
nonparticipant patient, SWAP-DM2 lead to standard procedures
for promoting and performing a glucose test, which then allowed
for further classification of the patient as suspected diabetes
(fasting glucose ≥7.0 mmol/L), prediabetes (fasting glucose
5.6-6.9 mmol/L), or normal (fasting glucose <5.6 mmol/L). For
a normal patient, SWAP-DM2 tells the doctor to end the service
for the patient. For suspected diabetes, the system suggests an
SOP referring the patient to higher-level diabetes diagnosis and
treatment services. As for prediabetes, SWAP-DM2 proposes
a 4-step SOP for promoting the patient to participate in
consecutive cycles of lifestyle management. These 4 steps are
(1) discussing risks to the patient and the harms diabetes causes,
(2) analyzing effectiveness and benefits of lifestyle management,
(3) identifying barriers to lifestyle management, and (4)
providing supports for overcoming the barriers. Each time a
participant patient presented, SWAP-DM2 mediated a tailored
round of lifestyle management. Each round of lifestyle
management comprised 6 core steps (ie, perform follow-up
assessment, review previous efforts, encourage progress, identify
problems, select problems, and solve problems) for all
participants and 2 additional steps (ie, promote and perform
glucose test) for selective patients. Tailored here means that
detailed content of each round of lifestyle management differed
from others and depended on the patient’s previous involvement
in and performance on lifestyle management.
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Figure 1. Flowchart of the Smart Web Aid for preventing type 2 diabetes (SWAP-DM2).

SWAP-DM2 Assessment Process and Measures
The initial SWAP-DM2 described previously has been refined
through repeated cycles of testing and assessment. The pilot
work started in early June 2013 and the assessment occurred at
baseline (in the week before training of participating village
doctors) and every month after SWAP-DM2 application (in the
last week of the month). Village doctors from randomly selected
clinics in rural Lu’an (one of the largest prefectures in Anhui
province) were invited to participate in testing the system.

Assessment is an integral part of the refinement of SWAP-DM2.
This study did not collect any additional information; rather, it
utilized data generated during the baseline and the 6-month
follow-up assessment of SWAP-DM2 application scheduled

during the last week of the month. These assessments consisted
of (1) prevention case recording, in which all the patient-doctor
encounter episodes happened at the participating clinics during
the selected week were, after informed consent, audio recorded;
(2) exit survey using a structured questionnaire (ie, after
completion of each service during the assessment week), the
eligible patient (aged 40 to 70 years and tested as prediabetics)
was led to a private room and interviewed by a trained
interviewer using a structured questionnaire to solicit
information about his/her knowledge about diabetes and
self-efficacy (self-perceived ability) to practice indicative
lifestyle modification against diabetes and satisfaction toward
the service just received (Multimedia Appendix 4); (3)
measurements including body height and weight, fasting glucose
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(baseline and annual follow-up evaluations), and blood pressure;
and (4) qualitative interview (follow-up evaluation only) in
which all participating village doctors and 1-2 patients from
each doctor’s clinic were interviewed by trained researchers
using a checklist of open-ended questions about SWAP-DM2
(eg, its effects on diabetes intervention, areas to improve,
barriers to utilization). The exit survey questionnaire covered
all key aspects, according to the motivational interviewing
theory mentioned previously, of diabetes-related lifestyle
management (see Multimedia Appendix 3). It tested moderately
reliable with a standardized Cronbach alpha of .74, .85, .70,
.77, and .98 for knowledge about diabetes and prediabetes,
harms of inadequate physical activity and imbalanced diet,
self-efficacy, diabetes-related behaviors, and satisfaction toward
Web aid-supported service, respectively.

Data was collected using both quantitative and qualitative
methods. The audio-recorded cases of service delivery were
used to generate quantitative service quality data through (1)
translating the audio recordings into textual transcripts; (2)
mixing the baseline case transcripts with the follow-up ones
with all identification information being removed except for a
unique number to ensure blind assessment; (3) sending the
mixed transcripts to 2 researchers and asking them check each
of the cases independently against a list of essential prevention
procedures and judge whether these essential prevention
procedures had been delivered; and (4) having the 2 researchers
sit together and reach consensus over their disagreements.

Data Analysis
Data analysis used SPSS 16.0 (SPSS Inc, Chicago, IL, USA)
and included (1) descriptive numbers and percentages of patients
who received SWAP-DM2–assisted prevention and newly
diagnosed prediabetes and diabetes; and (2) comparison, using
chi-square tests for percentages or t tests for quantitative ratings,
between the baseline and 6-month follow-up assessments in

terms of improvements in delivery of essential prevention
procedures, knowledge about diabetes, lifestyle management
practices, body mass index (BMI), and blood pressure, etc; and
(3) narratives of qualitative data.

Human Subject Protection
This study involves recruitment, intervention, and assessment
of villagers and village doctors. So it adheres to rigorous human
subject protection principles and procedures. The study protocol
had been reviewed and approved by the Biomedical Ethics
Committee of Anhui Medical University. Participation of
villagers and village doctors was 100% voluntary. Written
informed consent was sought from all participants.

Results

Patient and Doctor Participants
A total of 17 village doctors participated in pilot-testing
SWAP-DM2 and they identified 2219 patients at risk for being
diagnosed with prediabetes or diabetes using the rapid
assessment function of the system during this preliminary
evaluation period. Of these 2219 patients, 1885 (85.94%)
received a free fasting glucose test; 1022 (54.22%) and 103
(5.46%), were diagnosed with prediabetes and diabetes,
respectively. Most patients diagnosed with prediabetes (95.3%,
974/1022) did not know their glucose status before (Table 1).

The total number of patients encountered and identified as
having prediabetes during baseline and 6-month follow-up
assessment were 253 and 231, respectively. The intervention
duration of the follow-up assessment for participants ranged
from 1 month to 6 months. No statistically significant
differences in gender, age, and education level were found
between these 2 groups. Approximately two-thirds of these
participating patients were females, 171 (67.59%) and 160
(69.26%) for the baseline and follow-up groups, respectively.

Table 1. Description of patients assessed by the Smart Web Aid for Preventing Type 2 Diabetes (SWAP-DM2).

Age (years)aGenderTotalService output

61-7051-60≥50FemaleMale

80459082514128072219Patients assessed with elevated prediabetes risk,b n

691 (85.95)515 (87.28)679 (82.30)1210 (85.69)675 (83.64)1885 (84.94)Patients took fasting glucose test, n (%)

422 (61.07)261 (50.68)339 (49.93)674 (55.70)348 (51.56)1022 (54.22)Patients tested with prediabetes, n (%)

398 (94.31)249 (95.40)327 (96.46)641 (95.10)333 (95.69)974 (95.30)Number of newly diagnosed prediabetes, n (%)

38 (5.50)26 (5.05)39 (5.74)64 (5.29)39 (5.78)103 (5.46)Number of newly diagnosed diabetes

aAge ranges are approximate.
bPrediabetes denotes fasting glucose ≥5.6 mmol/L and <7.0 mmol/L.

Delivery of Essential Prevention Procedures
Before the SWAP-DM2 application, the proportion of patients
who received the essential prevention procedures assessed was
extremely low. The most commonly delivered essential
prevention procedure was measuring blood pressure, accounting
for 43.9% (111/253) of the patients, followed by assessing diet
behavior (17.0%, 43/253), and physical activity (13.0%, 33/253).
Compared with baseline, SWAP-DM2 utilization significantly

increased delivery of almost all essential prevention procedures
listed in Table 2 except for glucose measurement, which
decreased from 9.1% (23/231) to 1.3% (3/231). Assessing diet
behavior (17.0%, 43/253 to 100.0%, 231/231), physical activity
(13.0%, 33/253 to 95.7%, 221/231), and BMI (10.7%, 27/253
to 100%, 231/231) witnessed the greatest improvement, followed
by counseling barriers to (0.8%, 2/253 vs 81.4%, 188/231) and
skills for (3.2%, 8/253 vs 90.9%, 210/231) modifying diet. No
statistically significant difference was observed in delivery of
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the essential prevention procedures at baseline or follow-up between male and female patients.

Table 2. Essential prevention procedures delivered in traditional and SWAP-DM2–mediated service.

Total, n (%)Female, n (%)Male, n (%)Essential prevention pro-
cedures

PFollow-up
(n=231)

Baseline
(n=253)

PFollow-up
(n=160)

Baseline
(n=171)

PFollow-up
(n=71)

Baseline
(n=82)

<.001231 (100)43 (17.0)<.001160 (100)27 (15.8)<.00171 (100)16 (19.5)Assessing diet behavior

<.001221 (95.7)33 (13.0)<.001151 (94.4)16 (9.4)<.00170 (98.6)17 (20.7)Assessing physical activ-
ity

<.001231 (100)27 (10.7)<.001160 (100)18 (10.5)<.00171 (100)9 (11)Measuring body mass in-
dex

<.001214 (92.6)111 (43.9)<.001150 (93.8)78 (45.6)<.00164 (90.1)33 (40.2)Measuring blood pres-
sure

.543 (1.3)23 (9.1).543 (1.9)16 (9.4).890 (0)7 (8.5)Measuring blood glucose

<.001162 (70.1)3 (1.2)<.001114 (71.3)3 (1.8)<.00148 (67.6)0 (0)Counseling diabetes sus-
ceptibility

<.001139 (60.2)15 (5.9)<.00196 (60.0)10 (5.8)<.00143 (60.6)5 (6.1)Counseling risks of un-
healthy diet

<.001136 (58.9)12 (4.7)<.00194 (58.8)8 (4.7)<.00142 (59.2)4 (4.9)Counseling risks of inad-
equate activity

<.001188 (81.4)2 (0.8)<.001130 (81.3)1 (0.6)<.00158 (81.7)1 (1.2)Counseling barriers to
modifying diet

<.001161 (69.7)1 (0.4)<.001112 (70.0)1 (0.6)<.00149 (69.0)0 (0)Counseling barriers to
increasing activity

<.001210 (90.9)8 (3.2)<.001147 (91.9)8 (4.7)<.00163 (88.7)0 (0)Counseling skills to
modify diet

<.001196 (84.9)3 (1.2)<.001137 (85.6)3 (1.8)<.00159 (83.1)0 (0)Counseling skills to in-
crease activity

Changes in Patients’ Immediate Indicators
As shown in Table 3, SWAP-DM2 helped to raise the
prediabetic patients’ knowledge about the risks of diabetes,
imbalanced diet, and inadequate physical activity. It also worked
well in improving the patients’ self-efficacy in eating a healthier
diet and increasing physical activities. Most importantly,
SWAP-DM2–mediated prevention substantially improved key
diabetes-related behaviors among the prediabetic patients, with
the greatest improvement observed in increasing vegetable
intake and a relatively smaller change for increasing exercise.
Body weight and BMI of the prediabetic patients also showed
statistically significant improvement. The patients’ satisfaction
toward the service as a whole and their doctor’s responsiveness
remained unchanged, whereas their satisfaction toward the
service technology increased slightly. Most of these changes
showed no statistically significant differences between gender
groups. Self-efficacy for increasing physical activity and
engaging relatives, however, had greater improvement in males
than females, mean 8.64 (SD 2.31) vs mean 7.80 (SD 2.41,
P=.01) and mean 7.80 (SD 2.41) vs mean 6.54 (2.70, P<.001),
respectively.

Patients’ and Doctors’ Views Toward SWAP-DM2
All village doctors who tested the SWAP-DM2 and a
convenience sample of 20 prediabetic patients who experienced

the Web-facilitated diabetes prevention service participated in
our qualitative interviews. The doctors viewed SWAP-DM2 as
helpful and easy:

It’s an innovative and real expert system.

It standardizes diabetes prevention and proposes
pertinent procedures and information.

With the Web, identifying high-risk patients and
counseling lifestyle modification becomes easy.

By following its steps, you won’t miss important
things.

It helps communicate balanced information
comprising not only benefits but also “dis-benefits,”
not only barriers but also measures to overcome
barriers; and this is especially helpful in motivating
sustainable lifestyle changes.

Perhaps the biggest advantage is its ability in
tailoring prevention to individual needs and bridging
current and past services into continuous prevention.

The doctors also raised several concerns about SWAP-DM2:

Although desktop computers and Internet are
available at most village clinics, electricity supply is
not totally secured.
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The Web adopts a step-by-step approach in
counseling lifestyle changes; patients’responses may
go “awry” or may not quite fit the proposed
procedures occasionally and this means doctors
should have enough experience in leading the
communication.

The Web system does not work so well during
outreach, although it is accessible via mobile phones;
mobile communication service charges are not
refundable by government or health insurance
agencies for most village doctors at present.

The patients’ views toward SWAP-DM2–assisted prevention
were also mostly positive:

A Web aid plus a doctor must be better than a doctor
without any help; more importantly, it is a smart Web
designed by experienced experts with a credited
medical college.

I had never thought of taking glucose test before. Yet
I felt most necessary to do so when my doctor told
me, after having asked a few questions according to

the screen and entered my responses that I was at
increased risk for diagnosing glucose impairment
since...

I felt pressing when my doctor pointed to the screen
and said, “Your body weight keeps going up and let’s
decide on something about it.”

At each follow-up visit, my doctor always refers to
the Web and says, “Let’s see what we had decided to
do last time,” this reminds me repeatedly that the
Web has a good memory and I should keep my words.

With regard to concerns that computer operation may
depersonalize service provision, most patients disagreed:

I am used to computer-aided services; it happens
almost everywhere like supermarkets, banks and so
on.

I did not feel any uneasiness.

However, some patients mentioned “my doctor referred to a
computer from time to time, it was more or less different from
a free discussion” or “being an old and illiterate farmer, I do
not know how the Web had helped me.”
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Table 3. Patients’ knowledge, self-efficacy, satisfaction, and behavioral outcome measures.

TotalFemaleMaleVariable assessed

PFollow-up
(N=231)

Baseline
(N=253)

PFollow-up
(n=160)

Baseline
(n=171)

PFollow-up
(n=71)

Baseline
(n=82)

Knowledge about risks of diabetes/prediabetes, n (%)

<.001184 (79.7)7 (2.8)<.001129 (80.6)5 (2.9)<.00155 (77.5)2 (2.4)Leads to eye, kidney, heart
lesions

<.001122 (52.8)12 (4.7)<.00183 (51.9)7 (4.1)<.00139 (54.9)5 (6.1)Affects long-term objectives
and development

<.00191 (39.4)6 (2.4)<.00160 (37.5)3 (1.8)<.00131 (43.7)3 (3.7)Affects family and social
relationships

<.001119 (51.5)5 (2.0)<.00177 (48.1)2 (1.2)<.00142 (59.2)3 (3.7)Induces psychological and
economic burdens

Knowledge about risks of imbalanced diet, n (%)

<.001151 (65.4)10 (4.0)<.001108 (67.5)8 (4.7)<.00143 (60.6)2 (2.4)Leads to overweight or obe-
sity

<.001178 (77.1)16 (6.3)<.001118 (73.8)6 (3.5)<.00160 (84.5)10 (12.2)Causes hypertension

<.00195 (41.1)7 (2.8)<.00162 (38.8)3 (1.8)<.00133 (46.5)4 (4.9)Leads to cerebral and cardio-
vascular diseases

<.001151 (65.4)12 (4.7)<.001102 (63.8)7 (4.1)<.00149 (69)5 (6.1)Induces diabetes

<.00175 (32.5)3 (1.2)<.00156 (35.0)3 (1.8)<.00119 (26.8)0 (0.0)Leads to cancer

Knowledge about risks of inadequate physical activity, n (%)

<.001214 (92.6)20 (7.9)<.001151 (94.4)15 (8.8)<.00163 (88.7)5 (6.1)Leads to overweight or obe-
sity

<.001173 (74.9)12 (4.7)<.001120 (75.0)8 (4.7)<.00153 (74.7)4 (4.9)Causes hypertension

<.00197 (42.0)8 (3.2)<.00166 (41.3)5 (2.9)<.00131 (43.7)3 (3.7)Leads to cerebral and cardio-
vascular diseases

<.00199 (42.9)9 (3.6)<.00165 (40.6)4 (2.3)<.00134 (47.9)5 (6.1)Induces diabetes

<.00173 (31.6)1 (0.4)<.00145 (28.1)0 (0.0)<.00128 (39.4)1 (1.2)Leads to cancer

<.001120 (51.9)7 (2.8)<.00184 (52.5)5 (2.9)<.00136 (50.7)2 (2.4)Reduces body immunity

Self-efficacy ratings, a mean (SD)

<.0018.53 (2.25)5.31 (2.81)<.0018.50 (2.28)5.28 (2.85)<.0018.59 (2.23)5.38 (2.79)Modifying diet

<.0018.06 (2.38)4.52 (3.35)<.0017.80 (2.41)4.36 (3.39)<.0018.64 (2.31)4.85 (3.26)Increasing physical activities

<.0019.57 (2.08)8.75 (2.20)<.0019.43 (2.15)8.64 (2.29)<.0019.88 (1.88)8.97 (2.00)Refusing snacks

<.0016.93 (2.67)3.93 (3.54)<.0016.54 (2.70)3.70 (3.58)<.0017.80 (2.41)4.41 (3.21)Engaging relatives in dia-
betes prevention

Behaviors practiced, n (%)

<.001165 (71.4)4 (1.6)<.001110 (68.8)2 (1.2)<.00155 (77.5)2 (2.4)Reduced calorie intake

<.001205 (88.7)43 (17.0)<.001141 (88.1)28 (16.4)<.00164 (90.1)15 (18.3)Increased vegetable intake

<.00149 (21.2)16 (6.3)<.00134 (21.3)11 (6.4)<.00115 (21.1)5 (6.1)Increased leisure-time exer-
cises

Immediate outcome measures, mean (SD)

<.00158.33 (9.18)62.12 (9.85)<.00155.95 (9.11)59.63 (9.00).02363.68 (9.3567.31
(10.03)

Body weight (kg)

<.00123.36 (2.95)24.80 (3.21)<.00123.52 (2.97)25.03 (3.32).00823.01 (2.86)24.32 (3.15)Body mass index (kg/m2)

.03133.29 (19.80)137.40 (21.50).08131.54 (20.07)135.57 (21.80).23137.23 (19.56)141.21
(21.07)

Systolic blood pressure (mm
Hg)

.1384.18 (12.02)85.90 (12.67).2682.92 (11.65)84.4 (11.98).6887.01 (12.89)87.89
(13.63)

Diastolic blood pressure
(mm Hg)
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TotalFemaleMaleVariable assessed

PFollow-up
(N=231)

Baseline
(N=253)

PFollow-up
(n=160)

Baseline
(n=171)

PFollow-up
(n=71)

Baseline
(n=82)

Satisfaction ratings, a mean (SD)

.458.85 (1.73)8.97 (1.77).668.73 (1.82)8.82 (1.86).499.11 (1.48)9.28 (1.53)Toward service provided

.039.13 (1.77)8.76 (1.92).069.10 (1.78)8.71 (1.94).259.20 (1.76)8.86 (1.89)Toward service techniques
used

.709.15 (1.41)9.20 (1.42).959.04 (1.52)9.05 (1.54).609.40 (1.05)9.49 (1.07)Toward doctor’s responsive-
ness

aMaximum=10.

Discussion

Effectiveness and Acceptability of SWAP-DM2
By using SWAP-DM2, 17 village doctors identified 2219
patients with elevated prediabetes and diabetes risk, encouraged
85.0% of them perform a fasting glucose test, and diagnosed
1022 prediabetes and 103 new diabetes cases within only 6
months. More importantly, these prediabetic patients showed
substantial improvement from baseline to 6 months after
intervention in terms of vegetable intake, calorie intake,
leisure-time activities, and even body weight and BMI. The
prediabetic patients also witnessed great improvements in
self-efficacy in modifying diet, increasing physical activities,
etc. These findings are consistent and point to an encouraging
implication that SWAP-DM2 is effective, at least in the short
term. The primary reason underlying this effectiveness may be
that SWAP-DM2 incorporates, in a synergetic way, a variety
of proven strategies and techniques. For example, it ensures
delivery of essential prevention procedures (Table 3) through
required SOPs, leverages behavior changes via convincing
evidences, such as changes and trends in the patient’s own BMI,
fasting glucose, etc, and facilitates counseling lifestyle
modification by using motivational interviewing. In contrast to
most other essential prevention procedures, glucose testing
decreased from baseline to 6-month follow-up. This was because
the SOPs required that the test occur only annually for patients
with elevated risk. The nonsignificant changes in the patients’
satisfaction variables may be due primarily to the fact that the
same satisfaction ratings at baseline were already quite high
and thus room for improvement was limited.

This preliminary evaluation also revealed indications that
SWAP-DM2 was acceptable to both villagers and village
doctors. These included the positive comments solicited during
the qualitative interviews and the frequent use of the Web as
indicated by the large volume of SWAP-DM2–mediated risk
assessments, glucose tests, and counseling sessions delivered
during the short trial period, and the more than 88.5%
satisfaction of the villagers toward the Web-assisted services.
A number of factors may have contributed to this acceptance:
(1) SWAP-DM2 transforms complex diabetes education or
counseling into step-by-step procedures and makes it easy to
learn and practice; (2) SWAP-DM2 enriches service content
and procedures with little added workload by real-time data
recording and retrieving, and automatic behavior risk
identification, classification, and lifestyle modification planning;

and (3) SWAP-DM2 gains credibility (for doctors) and
confidence (in patients) by providing highly professional and
tailored suggestions and by demonstrating high-tech (ie, Internet
and expert system) use. There existed a sharp discrepancy
between the number of female patients identified as being
prediabetic and female participants in both the baseline and
follow-up assessments than males. This may not necessarily
indicate that the SWAP-DM2–aided prevention was more
acceptable among females that males. Rather, it may be
explained by the fact that most male villagers were pursuing
temporary jobs in cities during the trial period.

Limitations
First, this study documented only a segment of an ongoing
project [29]. Although the overall design of this project belongs
to a quasi-randomized controlled trial, findings presented in
this paper allowed for only baseline vs follow-up rather than
intervention vs control comparisons. Therefore, readers are
cautioned about a variety of potential confounding factors in
interpreting the findings (eg, national or regional diabetes
education programs during the same period of this study).
Second, the evaluation of SWAP-DM2 covered only 6 months
of intervention and used mostly short-term variables. Whether
the Web-mediated prevention continues to work smoothly in
the long run when doctors and patients have lost curiosity about
Web-based systems and whether the immediate indicators (eg,
knowledge, self-efficacy, healthy lifestyle practices, BMI)
ultimately lead to desired outcomes (eg, reduced diabetes
progression) needs further investigation. Some previous studies
showed that body weight, fasting glucose, etc, decreased from
baseline to their lowest level at approximately 6 months after
intervention and then began to rise again slowly [34]. Third,
there may be some seasonal effects. The villagers may have
different amounts of farm work to do in different seasons. Their
food availability and eating and cooking habits may also change
across seasons. This may result in quite different findings over
the 6 months. Fourth, the SWAP-DM2-mediated prevention
service (including glucose tests, blood and body weight
measurements, etc) was provided free of charge to the villagers
and the participating doctors were reimbursed, through a
temporary project, for their time and efforts invested at a
minimum rate (approximately US $5 per prevention case per
year). This may raise sustainability concerns, although it would
not be very difficult to get permanent government support if
this prevention proves to be cost-effective. In addition, readers
are reminded of the measurement limitations because most of
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the patient outcomes were derived from self-repot data that were
prone to various biases (eg, social desirability and recency
biases).

Lessons From SWAP-DM2 Development and
Application
Given the number of elements involved and the complex
relationships between them, it is almost impossible to distinguish
effects of any specific elements except the overall
SWAP-DM2–supported intervention as a whole. Therefore, the
key to development of similar systems and transferring lessons
from this study to future interventions is leveraging smart Web
applications in selecting and combining proven elements into
an integrated package. Another strategy getting around the
complexity just mentioned toward effectiveness is rapid
prototyping followed by continuous refinement. This includes
not only the application and assessment cycles as described in
the methodology section, but also the inbuilt self-learning
mechanisms with the Web-based system as shown in Multimedia
Appendix 2 (eg, learned tailoring of risk assessment and
behavior counseling). Projects of this kind depend heavily on
effectively bridging 2 heterogeneous aspects of expertise (ie,
diabetes prevention and information technology). Although
repeated interaction between these 2 specialty groups helped in
our case, the leading role of a diabetes prevention expert who
has adequate knowledge of Web-based applications of modern
information technologies seemed to be even more important.
Finally, necessary structural changes should accompany
application of soft-systems such as this. As introduced in the
umbrella protocol of this study, a set of performance-based

incentives were implemented alongside SWAP-DM2
application. These may have played some role in the
short-term—yet encouraging—findings of this study. In
addition, approaches for promoting application of the system
also merits careful consideration. For instance, the village
doctors were often misled by the seemingly complex workflows
and functions as described in Figure 1 and Multimedia Appendix
2. They should only be used to provide readers with an overview
of what SWAP-DM2 can do in overall rather than what it does
in a single encounter. A typical SWAP-DM2–assisted
intervention session involves only part of the steps and takes
10 to 40 minutes depending on the patient’s needs. Although
the system “behind” the interface is quite sophisticated, the Web
pages were designed to be as smooth and simple as possible.
Therefore, stepwise learning by doing may be an effective way
to gain and train village doctors.

Conclusions
Our preliminary findings suggest that SWAP-DM2 is helpful
to village doctors, acceptable to patients, and effective in
modifying immediate determinants of diabetes at least in the
short term. Rapidly growing diabetes cases contrasted by a
general lack of routinely operational prevention against the
epidemic calls for immediate engagement of frontier clinicians,
especially village doctors who work in rural China where the
majority of the nation’s vast population lives [35-37]. Given
the long history of separating disease prevention and treatment
and the extremely limited resources in rural China, this depends
heavily on effectively tackling a series of barriers [38,39].
SWAP-DM2 may provide a useful solution in reaching this end.
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Multimedia Appendix 1
Guiding Models and principles for developing standardized operation procedures (SOPs) of counseling diabetes prevention.
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Multimedia Appendix 2
Main functions of Smart Web Aid for Preventing Diabetes (SWAP-DM2).

[PDF File (Adobe PDF File), 48KB - jmir_v16i4e98_app2.pdf ]

Multimedia Appendix 3
Sample application webpages of Smart Web Aid for Preventing Type 2 Diabetes (SWAP-DM2).
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Multimedia Appendix 4
Exit survey for Smart Web Aid for Preventing Type 2 Diabetes (SWAP-DM2) assessment.

[PDF File (Adobe PDF File), 30KB - jmir_v16i4e98_app4.pdf ]
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Abstract

Background: Adolescents are considered a hard to reach group and novel approaches are needed to encourage good health.
Text messaging interventions have been reported as acceptable to adolescents but there is little evidence regarding the use of text
messages with overweight and obese adolescents to support engagement or behavior change after the conclusion of a healthy
lifestyle program.

Objective: The intent of this study was to explore the opinions of overweight adolescents and their parents regarding the use
of text messages as a support during the maintenance period following an intervention.

Methods: This paper reports on the findings from focus groups conducted with adolescents (n=12) and parents (n=13) who had
completed an eight-week intensive intervention known as Curtin University’s Activity, Food and Attitudes Program (CAFAP).
Focus groups were conducted three months post intensive intervention. Participants were asked about their experiences of the
prior three-month maintenance phase during which adolescents had received tri-weekly text messages based on the
self-determination theory and goal-setting theory. Participants were asked about the style and content of text messages used as
well as how they used the text messages. Data were analyzed using content and thematic analyses.

Results: Two clear themes emerged from the focus groups relating to (1) what adolescents liked or thought they wanted in a
text message to support behavior change, and (2) how they experienced or responded to text messages. Within the “like/want”
theme, there were five sub-themes relating to the overall tone of the text, frequency, timing, reference to long-term goals, and
inclusion of practical tips. Within the “response to text” theme, there were four sub-themes describing a lack of motivation,
barriers to change, feelings of shame, and perceived unfavorable comparison with other adolescents. What adolescents said they
wanted in text messages often conflicted with their actual experiences. Parent reports provided a useful secondary view of
adolescent experience.

Conclusions: The conflicting views described in this study suggest that overweight and obese adolescents may not know or
have the ability to articulate how they would best be supported with text messages during a healthy lifestyle maintenance phase.
Further, supporting both engagement and behavior change simultaneously with text messaging may not be possible. Intervention
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texts should be personalized as much as possible and minimize feelings of guilt and shame in overweight and obese adolescents.
Future research with text messaging for overweight and obese adolescents should incorporate clear intervention aims and evaluation
methods specifically related to adolescent engagement or behavior change.

Trial Registration: Australian New Zealand Clinical Trials Registry: ACTRN12611001187932;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12611001187932 (Archived by WebCite at
http://www.webcitation.org/6LGSbk8d9).

(J Med Internet Res 2014;16(4):e103)   doi:10.2196/jmir.3113

KEYWORDS

telemedicine; text messaging; adolescent; obesity

Introduction

The provision of effective health-related interventions for
adolescents is a difficult task, particularly when traditional
methods of communication are unlikely to be engaging [1].
Current mobile telephone usage trends show adolescents are
increasingly using text messaging as a preferred method of
communication [2]. Text messaging, also known as short
message service (SMS), may therefore provide an acceptable
means of delivering health messages in adolescent populations
[3-6].

In adolescent weight management programs, text messaging
shows promise as a feasible and acceptable method of
communication [4,7]. Evidence from healthy weight adolescent
groups support this concept of “acceptability” [8], yet it remains
unknown whether text messaging is an effective means for
fostering engagement or supporting behavior change.

Given the significant dropout rates reported in pediatric weight
management programs [9] and lack of evidence for long-term
weight maintenance in adolescence [10], there is much to be
gained from developing an effective method for keeping
participants engaged with a program. Text messaging may be
a useful way of maintaining this engagement. De Niet et al [6]
found that children and adolescents randomized to a text
message treatment group were 3.5 times less likely than the
control group to drop out of the maintenance period of a healthy
lifestyle intervention but also showed that text message
engagement declined over the 9-month period. Older
pre-adolescent children (12 year olds sent 0.5 texts per week)
were less likely to send responses compared with younger
children (7 year olds sent 0.8 texts per week) [6]. This decline
in adherence to monitoring over time has been documented
previously [11], but adherence remains higher than other
traditional methods of self-monitoring. Kornman et al [7]
described only a modest level of adolescent engagement with
their text messaging and email adjunct to the Loozit program,
with adolescents responding to 22.0% of text messages over a
10-month maintenance period. The authors found that text
messages asking for a response had more replies and text
messages had a more immediate response than the emails.
Whether text messaging can be used to maintain engagement
of overweight adolescents in a healthy lifestyle program remains
unclear.

Studies evaluating the effectiveness of text messages offer
inconsistent support for the use of text messaging to support

behavior change and/or weight maintenance [12-16].
Adolescents in the Loozit program rated the text message
support during the 10-month maintenance period as “somewhat
helpful”; however, the results suggested that the use of text
messages developed for this intervention did not have a
significant effect on primary outcomes at 12 or 24 months post
program [7,15,16]. Other short-term studies assessing the
effectiveness of text messaging interventions with adolescents
suggest success only in those who had not previously engaged
in the targeted behaviors before the intervention commenced
[12] or who received additional intensive support (ie, intensive
insulin therapy) in addition to text messages [13]. There remains
a gap in the evidence regarding the effectiveness of text
messaging interventions to support behavior change in
overweight and obese adolescents.

There is also limited evidence regarding the best way to
construct and send text messages for use with adolescents [17].
Factors to consider include the message tone, content and length,
as well as the timing and frequency of text message delivery.
Several studies have reported the wording and timing of
delivered messages [3,6,7,12], but only two studies have
considered the format of text messages to be sent regularly to
support behavior change in adolescents [8] or obese adolescents
[17]. Rigorous pilot testing of text messages has provided
descriptions of what adolescents think they want [8,17], but
whether adolescents actually do know and can articulate what
they want in text messages and whether this is desirable for
either engagement or intervention efficacy is unknown. There
are currently no studies that have completed a detailed
post-intervention evaluation of overweight and obese adolescent
experiences of text messages, including perceptions of content,
style, or usefulness. A lack of synchrony between what
adolescents think they want and may actually like or find useful
is suggested by evidence that overweight teenagers have
indicated a strong preference for directive text messages, which
seems to contradict their desire for autonomy [17].

Parents have not traditionally been involved in the development
or refinement of text messaging interventions for adolescents.
However, parents may play an important role in supporting
adolescent engagement in research [1], providing healthful
environments [18], modelling healthy behaviors [19], and
supporting adolescent behavior change [20]. The potential for
parents to offer valuable insight into adolescent experiences of
text messaging interventions warrants exploration.
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Current recommendations for research into text messaging
interventions advise researchers to design their study with a
strong theoretical foundation [21,22] and report on process
evaluation after the intervention, to inform others about the best
way to structure text messages, and effectively utilize this form
of communication with adolescents [7,17,21,23]. Therefore,
the aim of this study was to explore opinions of overweight and
obese adolescents and their parents, who have participated in a
multi-disciplinary healthy lifestyle program, regarding the use
of text messages as a support during the maintenance period.

Methods

Study Design
This study relates to focus groups held during the maintenance
phase of a multi-disciplinary healthy lifestyle program for
overweight and obese adolescents aged 12-16 years and their
parents. A wait-list controlled trial of Curtin University’s
Activity, Food and Attitudes Program (CAFAP) has been
conducted and is described elsewhere [24] along with its
theoretical underpinnings [20]. Briefly, participants enrolled in
CAFAP and were placed on a three-month waiting list to allow
for a control period. Following this waiting list period,
adolescents and parents completed the intensive phase of the
program, involving twice-weekly group sessions for eight weeks.
Sessions covered healthy eating, increasing physical activity,
reducing sedentary behavior, and setting goals for healthy
behavior change. Parents were also trained in behaviors around
need satisfaction and goal setting to support their adolescent’s
lifestyle changes [20]. The intensive phase was followed by a
tapered maintenance phase over 12 months. The first three
months of the maintenance phase were considered to be “high
intensity” where adolescents received three text messages per
week and one phone coaching session every two weeks. The
next three-month period included a tapering of contact to
“medium intensity”, where adolescents received a weekly text
message and a monthly phone coaching session. The “low
intensity” phase of the maintenance period occurred between
six and 12 months post intensive program and included monthly
text messages and quarterly phone coaching sessions. This study
was approved by the Curtin University Human Research Ethics
Committee (HR105/2011).

This qualitative study was performed three months after the
eight-week intervention period of CAFAP, which coincided
with the conclusion of the high intensity maintenance period.
The intent of the study was to explore adolescents’ perceptions
of text messages received, in combination with the observations
and experiences of the parents, during the previous three months.
Four focus groups were conducted with overweight and obese
adolescents between September 2012 and April 2013 to cover
the three waves of participants who completed the program at
different times. Four focus groups were also completed by the
parents of these adolescents. Focus groups were small (3-4) to
encourage rich discussion of the text messages.

Recruitment
Three months after completion of the intensive face-to-face
CAFAP sessions, adolescents from each wave were invited by
flyer, email, and text message to participate in a 60-minute focus

group. Adolescents were offered a $30AUD gift voucher for
participating in the focus group. Of the 35 adolescents invited,
16 agreed to participate and 12 attended the focus groups.
Parents were recruited once their adolescent had agreed to
participate in the focus group. All adolescents had a parent
participate in the focus groups at the same time as they
completed their own focus group.

Text Message Development and Programming
CAFAP used an automated text messaging system to send
predetermined but semi-tailored text messages to adolescents.
During the first three months of the 12-month maintenance
period, adolescents were sent a text message at 6pm on two
weekdays and noon on one weekend day. The timing and
frequency of text messages in this study was chosen as it
reflected a midway point between previous adolescent trials
[7,13] and incorporated evidence from associated formative
research [25]. Adolescents chose the days that would best suit
them at the conclusion of the intensive intervention phase. Two
versions of the message plan were developed using the same
text messages but in a different order to ensure that adolescents
who were close friends would receive different messages. Texts
were limited to 320 characters minus auto text (“Hi [first name],
[text message], from the CAFAP Team”). Texts were sent to
the adolescent’s personal phone in most instances, except where
the adolescent did not have a personal phone or did not use it
consistently. Some families requested the text also be sent to a
parent’s phone to keep the parent involved. If text messages
were not able to be delivered, research staff would follow up
to manually send the text or contact the participant by phone if
the text remained undelivered.

The contact during the maintenance period continued with the
same theoretical base and key messages as during the intensive
face-to-face contact period. Text contact was thus based on
self-determination theory [26] and goal-setting theory [27] and
focused on eating more fruit and vegetables, eating less junk
food, being less sedentary, and being more physically active
[20,24]. Message development also incorporated
recommendations from current literature, by including a positive
tone [6,17,23] and friendly but professional language [17].
Messages were constructed so as to be perceived as deriving
from the research team [7,17] and were semi-tailored [28] by
using first names and references to CAFAP or past text message
contact [4-7,13,17,21]. The word “you” was frequently used to
make facts relatable to adolescents [8] and a maximum of two
reflective questions were included in each message [17].
Messages that provided options for behaviors were always
framed to give adolescents a choice (eg, “You might like to…”)
and recipes or testimonials from other teenagers (eg, “Other
teens have found it helpful to…”) were used to enhance
self-efficacy [17]. Suggestions for activities were based on
affective beliefs to emphasize the enjoyment and social nature
of participation [12] and reaffirmed the benefits of healthy eating
and physical activity. Negative wording or the mention of
triggers for unhealthy behaviors (eg, consumption of junk food)
was avoided [17]. Adolescents were able to reply to text
messages and receive a response, but were not expressly asked
to reply. This approach was chosen to align with the theoretical
underpinnings of text message development relating to fostering
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a sense of autonomy [20,26] and formative work suggesting
adolescents may be reluctant to spend their own money on
responses [25]. Text messages were designed to prompt
behaviors and offer adolescents options for healthy behaviors,
but they did not have to act on the texts if that was not their
choice. The number of text messages sent to adolescents was

measured on the SMS database. Five overall categories of texts
were developed (general, goal setting, healthy eating, physical
activity, and sedentary behavior) with messages tailored for
weekday evenings and weekends. See Table 1 for examples of
CAFAP text messages.

Table 1. Text message examples used to represent the content of text messages used in the intervention and typical adolescent responses from focus
groups.

Examples of adolescent responsesaKey strategiesText messageCategory

I liked it except I didn’t have any of that stuff. [Adolescent
10 (A10)]

I’d prefer if you told me to have strawberries. [A12]

Message including a
‘helpful tip’

After dinner can be a good time to eat some
fruit. If you had less than 2 bits of fruit to-
day, you might like some tinned apricots &
yoghurt for dessert?

Healthy eating

It’s ok but I don’t really eat after dinner. [A4]

Most probably wouldn’t influence my behavior because,
I don’t know, I get addicted to my computer. [A3]

Testimonial messageA CAFAP teen has found using an egg-
timer is a good way of knowing it’s time
for an active break after playing on the
computer for 30 mins. You could choose to
try it too.

Sedentary behavior

It makes you actually think about it. You have it there but
you don’t actually think about it. [A7]

Intrinsic motivation, re-
flecting goal-setting pro-
cess used during the pro-
gram

What are the reasons you want to be more
active? You might like to think about these
when the going gets tough!

Physical activity

There’s nothing wrong with it, but like saying a few extra
thousand like is too much. [A5]

It would make you think about doing more steps. [A1]

Reflective questioningHow many steps have you done today? How
about trying to do a few extra thousand
steps this afternoon?

Physical activity

I have homework on the weekend, like every day… If I’m
not doing homework I’m sleeping. Like pretty much. [A11]

Bigger picture, reinforc-
ing key CAFAP areas
and goal setting.

Have a look at your goals for physical activ-
ity, sedentary behavior and healthy eating.
Plan something fun to do this weekend to
help meet your goals.

Goal setting

I felt really guilty because I think I’d had ummm I’d had
something, maybe a donut for breakfast. [A2]

Reflective questioning
and ‘helpful tip’

How many bits of junk food have u had to-
day? You could challenge yourself to see if
you can go the rest of the day without any
junk food. Some cut up fruit might be a
sweet treat instead!

Healthy eating

aAdolescents were assigned a code to distinguish between responders. The code ranges from A1-A12.

Focus Group Protocol

Overview
Facilitators had completed formal training with a qualitative
research expert covering focus group conduct prior to
involvement in these focus groups and had prior experience in
conducting focus groups with similar participants.

Adolescent Focus Groups
Adolescent focus groups were 60 minutes long and conducted
by one author (KS). Each focus group was audiotaped with
participant consent. In the adolescent groups, actual text
messages were used to guide the discussion at the start of the
focus group based on the work of Woolford et al [17] and
previous difficulties noted by the research team when
adolescents were asked to answer questions that required them
to reflect on their experiences. Six messages were chosen from
the database of texts sent during the high intensity maintenance
phase to reflect the different content and key strategies used in
the main text categories as outlined in Table 1.

The aim of using the six text messages was to explore the
adolescents’ response to the message content. For each of the
six messages, adolescents were asked:

• Did you like/dislike this message?
• What would you first think when you got this message?
• Is it a realistic message for you? (Is it right for you?)
• What’s good about it?
• What’s not so good about it?
• Did it make you think about changing your behavior

(diet/activity/habit)?
• How could we make it better?

For the second part of the focus group, adolescents were asked
about another six text messages (see Table 2) to understand
their responses to the specific strategies used in the messages.
The final part of the focus group included questions about
general responses, timing, and how the text messages were used
by adolescents.
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Table 2. Text message examples used to represent the style of text messages sent in the high intensity maintenance period.

Examples of adolescent responsesaExample text messageQuestion to adolescents

For Monday to Fridays, it’s a bit hard because
we have loads of double periods…and we’re
sitting down for long periods of time so we’ve
kinda destroyed our sedentary goal. [Adoles-
cent 12 (A12)]

What was your sedentary behavior goal for today?
Did you achieve your goal?

What did you think of messages that asked you
a question?

Yeah. It helps you because it asks you a ques-
tion but it instantly answers it for you. [A4]

It’s good to remember. Feeling less tired would
be good. [A2]

Do you remember that the benefits of being more
active include having a healthier heart and body
chemistry, feeling less tired, sleeping better, being
happier, and thinking better?

What did you think of messages that reminded
you about why being healthy was important?

It actually like reminds you that you’re like on
Earth and you’re sitting there playing video
games…And I’ve gotta like do stuff and be
proactive like normal people. [A9]

Remember the key messages of CAFAP are: eat more
fruit and veg, eat less junk food, be less inactive, and
be more active.

What did you think of the ‘big picture’ mes-
sages?

It was helpful. I often followed the tips. [A8]

I found it good because I wouldn’t think of
something like that. [A6]

Think about how many veggies u had today. If u had
less than your goal, try to add in 1 more piece tomor-
row. How about some veggie sticks with one of the
yummy dips u made at CAFAP?

What did you think of the messages that gave
you healthy tips?

These sound like healthy teenagers and some-
times I get a bit annoyed because I’m jealous.
They have a better state of mind than me. [A4]

Some teenagers have told us that cut up fruit salad
for recess helps them reach their healthy eating goals.
What about taking some tomorrow?

What did you think of the messages that includ-
ed ideas from other teenagers?

If you tell someone not to do something, they’re
just going to do it, everyone knows that. [A5]

Don’t eat junk food today or don’t spend the after-

noon lying on the couch.b
What do you think about messages that are
about what not to do?

aAdolescents were assigned a code to distinguish between responders. The code ranges from A1-A12.
bThis text message was created to be tested in the focus groups based on current literature [17] but was not actually used in the intervention.

Parent Focus Groups
Parent groups were also 60 minutes long, conducted by one of
two authors (LS or AF) and audiotaped with participant consent.
This secondary view from parents is potentially helpful to
attempt to validate the information provided by adolescents,
particularly from interviews or focus groups where there is
potential for participants to express a more socially acceptable
view and obscure their true opinions. The group was asked three
main questions regarding the experiences of their family in the
previous three months, their opinions on the usefulness of the
text message support, and any suggestions to better support
adolescents after completion of the intensive eight-week
program.

Data Analysis
Following focus group discussions, responses to questions were
transcribed verbatim by KS, with confidentiality ensured by
coding of transcripts with subject identifier codes. The data was
sorted and coded and assigned to categories based on similar
phrases and topics. Coding was completed separately by two
authors (KS and DK), with peer review checks by LS and AF
to ensure the overall credibility of findings and interpretations
[29]. Initial thematic analysis was based on the structure of the
research questions [30] to identify theoretical constructs that
described the experience of adolescents and parents. Themes
were allowed to emerge using a mostly inductive approach [30].
Differences in interpretation were resolved by consensus.
Underlying similarities and differences were evaluated and used
to form the fundamental impression of the focus group
discussions [31]. The data were triangulated with adolescent

and parent interpretations compared [31] to give greater context
to the data. By comparing and contrasting results from two
groups with different viewpoints, we attempted to overcome
the intrinsic biases associated with single group observations
and explain the situation more fully [32]. Categories were
amalgamated using Microsoft Excel and the major themes
detailed using description and quotes from participants to
support these findings [29].

Results

Demographics
Twelve adolescents with a mean BMI (body mass index) z score
of 2.05 (SD 0.35) participated in the focus groups. The mean
age of the adolescent participants was 14.3 (SD 1.5) years, with
females overrepresented (92%, 11/12) when compared to all
CAFAP participants who participated in the text message
intervention (77% female, 33/43). A total of 13 parents,
including 12 mothers and one father, participated in the parent
focus groups. The majority of participants were white
Australians from middle-low socioeconomic areas. Details
regarding household characteristics were not further explored.
The focus group participants included adolescents who had
varying levels of success in adopting healthy behaviors at the
three-month assessment and were likely a good representation
of the overall group.

Text Message Descriptive Statistics
In this intervention, 37% (16/43) of adolescents did not have
access to their own phone regularly and had the text messages
sent to their parent’s phone. These adolescents made up 33%
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(4/12) of the focus group participants. Of the parents, 60%
(26/43) of parents in the intervention received a copy of the text
messages, which included some parents of adolescents who had
their own phone. A total of 2240 text messages were sent to
adolescents (not including additional messages sent to parents
only), eliciting 152 replies at a response rate of 6.79%.

Participant Opinions

Overview
All attendees were generous with their feedback and engaged
meaningfully in the discussions. Two distinct themes emerged
from the adolescent and parent discussions relating to (1) what
adolescents liked or thought they wanted in a text message to
support behavior change, and (2) how they experienced or
responded to text messages. Within the “like/want” theme, there
were five sub-themes relating to the overall tone of the text,
frequency, timing, reference to long-term goals, and inclusion
of practical tips. Within the “response to text” theme, there were
four sub-themes describing a lack of motivation, barriers to
change, feelings of shame, and perceived unfavorable
comparison with other adolescents. Themes are described and
supported with quotes from adolescents (A) and parents (P)
below.

More Casual and Personalized Text Messages Are
Preferred
Adolescents were unanimous in their reaction to the tone of the
texts, highlighting a need to make the messages less formal and
more relatable to them. Parents expressed a similar view,
indicating that the tone of the messages needed to be more
personal.

More smiley faces. Smiley faces are good. [A1]

They’re really proper. You need to abbreviate and
stuff. Make it seem more human. [A3]

They sound a bit rehearsed at times. A bit impersonal.
Sometimes more casual…instead of Hi XX, it could
be like Hey or Hey XX. More chatty. Because the ones
that were being sent sound like for an adult. They’re
too formal. [A5]

Yes—make ‘em more 21st century. [A4]

Make them custom for each person, because each
person does a different amount of each thing…So for
the stuff that we already do, the text messages should
be like different for everyone. [A9]

The SMS were too impersonal. It was like it was
coming from a machine. [P7]

Tri-Weekly Text Messages Were Too Frequent
Adolescents and parents all agreed that the messages were sent
too frequently and as a result the reaction to the texts became
increasingly negative over time.

If it had been say one a whole week, say on a
Wednesday because that’s the middle of the week, to
see how you’re going but to help as well, that’d be
good. But three continuous in a week, that’s just like
Shut Up! [A5]

It’s just another form of nagging to them. [P7]

They kept on coming. Like why can’t you let us do
what we’re doing and then we tell you eventually
when we come back. [A4]

I know the messages got to a stage where, it’s almost
like she would duck. [P10]

With the messages, she was fine with them to begin
with, but after that she only wanted to know about a
few. [P6]

Towards the end I would see CAFAP and put it to
one side. [A2]

Lack of Consistent Response on the Best Time to Receive
Messages
Adolescent views varied regarding the best time to receive text
messages, although most thought the timing needed to be
specific for each individual.

7 o’clock in the morning would be better for me
because it’s just before I go to school. It’s when you
check your phone. [A8]

No, no, no, no, no. If you text messaged me before
school I would absolutely call you and go off at you
because you ain’t texting me before school. I am a
bad morning person and getting a text message from
CAFAP would just blow it. It’s a teenager thing. [A5]

Wednesdays are a good day. [A1]

Fridays, so you get them before the weekend. [A8]

Weekends are more helpful. [A2]

Have more texts in the holidays. [A6]

Don’t text me during school holidays because I will
not get them. I go into hibernation. [A12]

Adolescents Wanted To Be Reminded To Think About
Their Reasons for Wanting To Change
The messages that included triggers for adolescents to think
about their long-term goals, reasons for wanting to make
changes, and their decision to participate in CAFAP were
generally appreciated. The supportive nature of these texts
seemed to be better received than text messages related to
behavior change.

I mean cuz, it’s like where do you want to be from
here, now? What are you going to do to get to that
spot? And it just kind of motivates you to say “Oh,
that’s my dream and I’m getting there.” [A10]

Maybe like “Why did you choose to do this program?
Remember those and keep going.” I like that. [A11]

It reminds you that you’ve gotta do that because
you’ve done the program but now you’ve got to do it
yourself. [A12]

Practical Tips Were Valuable Inclusions in Text
Messages
A strong theme that emerged was the preference of adolescents
to receive practical and relevant examples of behavior change.
This approach of providing positive ideas for adolescents to
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choose to engage in seemed to be better received than the
reflective questioning style used in the intervention or negative
framed messages (what not to do) that were tested in the focus
groups but not used in the intervention.

Having a healthy tip that you can actually do is good.
[A1]

The being happier and thinking better…sometimes I
need an example. Like what am I going to do? [A2]

Text Messages Were Not Effective Motivators for Change
for Adolescents
Adolescents reported that although the text messages often acted
as a reminder or an awareness raiser, they were not able to
motivate behavior change. Adolescents were quick to come up
with reasons for why the text message wasn’t applicable to them
or why they wouldn’t be able to use the healthy tips. Adolescents
appeared not to be interested in thinking too deeply about the
text messages or having to adapt the content to suit their lives.
Parents highlighted that adolescent lack of motivation was a
common barrier and thought the text messages were not
successful in encouraging behavior change.

That’s a good message because it tells you what you
should do and should not do, but you’re still going
to be inactive and you’re still going to eat junk food.
[A4]

Not really good. What’s wrong with it is (1) I don’t
have an egg timer, (2) I don’t really plan on buying
one, and (3) I don’t think that anyone would stay on
the computer for [just] 30 minutes, I think they’d want
to be on there for longer. [A5]

She does talk about things like going to Zumba classes
with a friend but it’s all talk, nothing’s been done.
[P3]

Don’t think it made any difference. But then it’s hard
to tell what’s going on in there sometimes. [P12]

She’s made all of these wonderful decisions; she’s at
that point where she’s gotta keep motivated to stay
there. And that’s where she’s having a little bit of
trouble. [P9]

Lack of Time and Tiredness Were Barriers for
Adolescents to Participate in Healthy Behaviors
Adolescents repeatedly emphasized their lack of free time to
plan for or perform healthy behaviors. They identified many
cases where they disregarded text messages because they didn’t
feel there was enough time to implement any of the strategies
offered. Adolescents also reported being too tired to participate
in healthy behaviors and this was supported by parent opinions.

I don’t have time; I don’t even eat breakfast in the
morning. We just don’t have that much time. [A10]

Homework. I didn’t have time to think about it [the
text messages] at all. I’ve got like five projects at the
moment. [A9]

I answer it [the text] in my head but the thing is I’m
already tired. So by the time you’re on your weekend,
you just crash. [A2]

But the exercise is not there. I think part of it is their
school is really full on. They’re too tired. [P11]

Adolescents Stated Some Texts Induced Feelings of
Shame
Adolescents reported a sense of guilt or shame associated with
messages that reminded them about healthy behaviors that they
were not implementing. Parents also reiterated this sense of
shame emerging for their adolescent, stemming from a number
of texts.

Thanks for making me feel like crap, cuz I’m not the
healthiest and I’m not the fittest and I feel really tired.
And maybe I’m not as happy as I could be. [That]
would just make me feel bad. [A3]

(in response to the text: Do you remember that the benefits of
being more active include having a healthier heart and body
chemistry, feeling less tired, sleeping better , being happier, and
thinking better?)

That just makes me feel really depressed if I’ve eaten
a lot of junk that day. [A12]

It’s good to have healthy reminder but I notice that
my daughter does respond with a level of guilt or
shame. It’s a reminder in a way that she’s not doing,
she could be doing more. [P1]

Hearing About What Other Teenagers Are Doing Was
Not Motivating For Adolescents
Similarly, the majority of teens described their dislike for
messages that included ideas or experiences from other teens,
reiterating this sense of shame that others were improving their
health while they were not.

I think “Oh, other teens are better than me? Like OK
maybe I should catch up a bit because next time I see
them they’ll all be skinny and I’ll be like…still…still
here.” [A2]

I think what my daughter rolled her eyes at the most
was “the other teens” and she felt like she’s being
compared again…she would just sort of turn off. [P4]

A minority reported that they enjoyed hearing about how other
teens were experiencing similar challenges; however, this was
disparate to the perceptions of their parents’ reports, as well as
the facilitators’ knowledge of the adolescents’ progress.

Discussion

Principal Findings

Overview
The present study contributes to the evidence base around
experiences of overweight and obese adolescents and their
parents in response to text messages designed to support
behavior change in the maintenance period of a larger
intervention. Adolescents described a sense of shame in response
to the text message intervention, which was also observed by
their parents, presenting a new issue for health researchers using
text messaging with overweight and obese adolescents. In this
study, overweight and obese adolescents’ stated preferences for
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text messages differed from how they actually responded to
such text messages. This suggests that pre-intervention testing
of messages may not adequately simulate what happens in “real
life”. There may be differences between messages that
adolescents say they like and those that are actually helpful in
supporting behavior change. The consensus from adolescents
was that the text messages were occasionally useful but sent
too frequently and did not substantially help them to change
their behaviors. Parents agreed that the text messages were too
frequent and possibly too impersonal. They acknowledged there
were some positive responses to the messages but the majority
of the adolescents did not like to be reminded about healthy
behaviors. These findings emphasize the uniqueness of
overweight and obese adolescents and suggest a need to
strengthen future intervention aims and evaluation methods.

Shame
Overweight and obese adolescents experience a sense of shame
regarding their health and/or body [33,34]. The results of this
study show that regular health-related text messages have the
potential to heighten this sense of shame, which is a new issue
for consideration by researchers using text messaging with
overweight and obese adolescents. Based on the theoretical
underpinnings of CAFAP [20], text messages were specifically
worded to promote autonomy and support adolescent choices,
yet many adolescents perceived the text messages as reminders
of what they should be doing but weren’t doing. This response
from overweight and obese adolescents differs to that described
in similar studies, albeit shorter term, in adolescents of differing
weight statuses [8] or diabetic adolescents [13] who reported
to enjoy receiving health-related text messages. Similarly,
suggestions about what other teens had found useful were not
well-received as they had been in the pilot phase of a previous
study [17], rather, these adolescents reported they disliked being
compared to others. This response is potentially a significant
barrier for overweight and obese adolescents to maintain healthy
behaviors, with feelings of shame being related to poor mental
health [34] and in turn to poorer self-efficacy and reduced ability
to engage in lifestyle changes [35]. These feelings or
circumstances may be unique to overweight and obese
adolescents and suggest that results from trials involving
non-obese adolescents may not be easily generalized to this
group.

Want Versus Response
The results from this study suggest a notable difference between
what overweight and obese adolescents say they prefer in a text
message as opposed to what is actually useful to them in the
maintenance phase following intervention. Adolescents reported
that texts relating to their long-term goals were useful to
motivate them, yet they had difficulty with maintaining behavior
change and parents reported significant issues with adolescent
motivation. Adolescents were able to point out flaws in the text
message content and suggest improvements; however, many of
these included strategies previously used or previously criticized
by the adolescents themselves. Similarly, adolescents expressed
a desire for practical tips to use in their daily lives reflecting
current evidence [8,17], yet were quick to highlight reasons that
would prevent them from regularly using the tips. They

identified a number of barriers including lack of time or lack
of resources (eg, particular foods not available), but weren’t
able to suggest many ideas to overcome these. Interpretation of
these results suggest that adolescents are able to identify
idealistic concepts for text message style and content that may
make theoretical sense, but have difficulty envisioning their
actual response to such messages. This has potential implications
for researchers doing pre-intervention testing with overweight
and obese adolescents because the views they express may
indicate that the intervention will be useful but might not be a
true reflection of their experience in a text message intervention.
Currently, the majority of the evidence around text message
development for overweight and obese adolescents is based on
the assumption that adolescents know what will be helpful to
them in a text message and can articulate that; however, these
results suggest that this may not be the case. Qualitative
post-intervention research may provide the most contextual data
regarding overweight and obese adolescents’ reaction to text
messages, but even within these results there are inconsistencies
between what adolescents say they want and what they actually
respond well to.

Purpose of Text
Text messages are often used with adolescents to (1) encourage
behavior change or maintenance, and (2) to foster engagement
between adolescents and interventions; however, this research
suggests that it may be difficult to concurrently achieve both
of these aims in a weight-related intervention using text
messages. The overweight and obese adolescents in this study
did not like receiving text messages reminding them to maintain
healthy behaviors, and thus such messages have the potential
to damage the therapeutic relationship established during a
face-to-face intervention and hence ongoing engagement.

In this study, overweight and obese adolescents’ responses to
the text messages became increasingly negative over time. This
suggests that their motivation may decline over time leading to
failure to maintain behavior changes. Many parents in this study
reiterated that adolescents didn’t like to be prompted about
healthy things they could be doing, although they felt that it
was sometimes useful to encourage behavior change. Despite
adolescents reporting their dislike of the text messages, the
healthy behavior focus may have had a positive effect on
adolescents’ health. The effectiveness of using texts as healthy
behavior prompts is not clear, with some evidence suggesting
that this may be effective in promoting behavior change in the
long-term [36,37], while other evidence suggests that eliciting
a negative or shameful response to a message results in a
reduction in self-efficacy and lack of behavior change [35]. This
delicate balance between prompting behavior change and
avoiding a shameful response may account for some of the
differences reported in the literature relating to effectiveness of
text messaging interventions in overweight and obese
adolescents [4,17].

Conversely, messages not related to weight or healthy behaviors
may be more effective at keeping adolescents engaged with an
intervention. In this study, adolescents expressed a desire for
more casual and positive text messages, which may have been
more suited to preserving links with the intervention rather than
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eliciting behavior change. If the intervention aim was to preserve
links with adolescents, then text messages would need to be
carefully constructed to foster this sense of engagement but
could be completely unrelated to the behavioral aims of the
intervention. Message development based on self-determination
theory would therefore aim to promote a sense of connection
for the adolescent [26]. To our knowledge, the use of text
messaging interventions to foster engagement has not been
tested independent of behavior change and should be explored
in future research.

The current findings suggest that future studies would benefit
from generating clear aims for text messaging interventions
specifically relating to either behavior change or engagement,
and designing the texts with these aims in mind. Similarly,
evaluation methods need to be strengthened and appropriate
measures used to assess whether the text messages actually
achieve their intended aims.

Timing
Adolescents expressed a number of differing opinions regarding
the timing of the text messages, suggesting that it may be most
acceptable if timing is personalized to each participant’s
preferences. In the current intervention, messages were sent
three times per week. Adolescents and parents consistently
reported that the frequency of the text messages was excessive
and they found that the messages became boring over time. This
is in contrast to other studies with even greater frequencies of
contact [4,5,8,12,13] where adolescents were reported to be
accepting of daily texts, although 20% of participants in one
study indicated that they got bored of receiving the same or
similar text messages [13]. Interestingly, only one of these
studies [4] was directed at overweight and obese adolescents,
suggesting that this group may have unique perceptions
regarding the frequency of supportive text messages and this
may be related to how well they are achieving their lifestyle
goals. Ngyuen et al [16] sent a text message once per month on
average to overweight and obese adolescents but suggested that
this dose was possibly too low to have an impact. The desire
for less frequent text messages in this study may be related to
the sense of guilt overweight and obese adolescents describe
when they are reminded about changes they aren’t making,
although it remains unclear as to whether this can prompt
behavior change. These results highlight how messages can
possibly invoke an undesirable response in overweight and
obese adolescents. Text messages become personal because
they are sent to the participant’s phone and differ from other
health messages on media such as television where the
individual may be able to more easily ignore a message as they
are perceived as not relevant to them. When an individual
receives and reads the text message, they will make a decision
as to how relevant or useful the information is for them. From
the responses obtained, it appears that, in overweight and obese
adolescents, health messages may invoke a response that reduces
their motivation to change rather than stimulating them to
continue to take action to increase their physical activity or
improve their diet. Health researchers may therefore need to
modify the logistics of text message delivery to best suit the
aims of their intervention, be that engagement or behavior
change.

Style
Focus group participants were unanimous in their call for more
casually worded text messages. Adolescents have previously
expressed a preference for health care providers to communicate
via text using a natural tone while avoiding the use of text
message “slang” as frequently used in adolescent-to-adolescent
contact [17]. Despite attempts to use less formal language than
in the previous study, our research suggests that the tone we
used was perceived as too professional by adolescents. The
addition of symbols and emoticons (eg, exclamation marks and
smiley faces) to text messages may help to convey a less formal
tone. Although most text messaging studies have used tailored
messages [4-7,13,17,21,28], our research suggests that
overweight and obese adolescents want them to be further
customized to their individual goals and experiences.
Adolescents also reported that negatively worded texts (eg,
“don’t eat junk food”) were likely to increase the likelihood of
actually performing those behaviors, supporting recent findings
by Woolford et al [17]. These authors [17] suggested that
overweight and obese adolescents often want to avoid the
psychological work associated with reflection and instead prefer
tips and testimonials from other adolescents, yet our results
suggest that overweight and obese adolescents in actuality do
not find these helpful to assist with behavior change.

Parents
No other studies to our knowledge have included parent
perceptions of their overweight and obese adolescent’s responses
to receiving supportive text messages. Including parent views
helps to understand the differences in opinions that adolescents
might express to parents when at home, as opposed to
researchers. This triangulation of the data provides a richer sense
of what the “real” truth may be. The views expressed by parents
in this study were generally aligned with the opinions described
by adolescents and were also useful in identifying
inconsistencies described by individual adolescents whose views
consistently differed from the overall group.

Limitations
As with all qualitative studies, there are potential limitations
associated with participants reporting a view that may be
perceived as socially acceptable, rather than their true opinion.
It is possible that overweight and obese adolescents in particular
may be prone to report in this way. The focus group facilitators
in this study were known to the participants, which may have
influenced participants to offer a more positive view on the use
of text messages; however, the sometimes negative opinions
expressed by parents and adolescents suggest this was not the
case. The small size of the focus groups may have either
encouraged or impeded discussion. It is also not possible to
determine directly how the messages affected their behavior
and if they took action. For example, some irritation with the
messages may still have served as a reminder to increase their
physical activity or improve their diet. The strengths of this
study include an appropriate qualitative design to address the
research question, a range of informants with directly relevant
opinions for the research question, the inclusion of parents and
adolescents, and provision of novel, in-depth information about
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the challenging topic of providing support to overweight and
obese adolescents following an intensive intervention period.

Implications for Research and Practice
This study presents several implications to consider in future
research. First, overweight and obese adolescents may not know
or have the ability to articulate how they would best be
supported during the maintenance phase. Second, researchers
should generate clear aims when planning a text message
intervention, and develop appropriate methods of measuring
success relative to the specific aims (for example engagement
or behavior change). Third, timing and content of messages
may need to be more individualized and may require ongoing
input from adolescents to understand their preferences for
receiving text messages. Fourth, reports of parent experiences
may offer a useful secondary view of adolescent responses to
text message interventions. Last, overweight and obese
adolescents might be more susceptible to feelings of guilt or
shame than non-obese adolescents when reminded about
maintaining behavior change.

Conclusions
Findings from this study suggest that text messages may have
a useful role in interventions for overweight and obese
adolescents but that adolescent opinions pre-intervention may
not be very predictive of their actual experience and that it may
be difficult to achieve both enhanced engagement and behavior
change simultaneously. The results emphasize the importance
of message tone, content, and timing as these factors appear to
impact on how the messages will be received by overweight
and obese adolescents. The potential to initiate feelings of shame
in adolescent recipients of text messaging was identified as an
important issue. The study also supported the use of process
evaluation to help inform further interventions, and highlights
the value of parent and adolescent reports. Future research
should be clear on the engagement or efficacy aims for an
intervention, develop messages to accommodate adolescent
preferences in conjunction with an appropriate theory, and
employ appropriate evaluation measures of engagement or
effectiveness.
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Abstract

Background: A multitude of mhealth (mobile health) apps have been developed in recent years to support effective
self-management of patients with diabetes mellitus type 1 or 2.

Objective: We carried out a systematic review of all currently available diabetes apps for the operating systems iOS and Android.
We considered the number of newly released diabetes apps, range of functions, target user groups, languages, acquisition costs,
user ratings, available interfaces, and the connection between acquisition costs and user ratings. Additionally, we examined
whether the available applications serve the special needs of diabetes patients aged 50 or older by performing an expert-based
usability evaluation.

Methods: We identified relevant keywords, comparative categories, and their specifications. Subsequently, we performed the
app review based on the information given in the Google Play Store, the Apple App Store, and the apps themselves. In addition,
we carried out an expert-based usability evaluation based on a representative 10% sample of diabetes apps.

Results: In total, we analyzed 656 apps finding that 355 (54.1%) offered just one function and 348 (53.0%) provided a
documentation function. The dominating app language was English (85.4%, 560/656), patients represented the main user group
(96.0%, 630/656), and the analysis of the costs revealed a trend toward free apps (53.7%, 352/656). The median price of paid
apps was €1.90. The average user rating was 3.6 stars (maximum 5). Our analyses indicated no clear differences in the user rating
between free and paid apps. Only 30 (4.6%) of the 656 available diabetes apps offered an interface to a measurement device. We
evaluated 66 apps within the usability evaluation. On average, apps were rated best regarding the criterion “comprehensibility”
(4.0 out of 5.0), while showing a lack of “fault tolerance” (2.8 out of 5.0). Of the 66 apps, 48 (72.7%) offered the ability to read
the screen content aloud. The number of functions was significantly negative correlated with usability. The presence of
documentation and analysis functions reduced the usability score significantly by 0.36 and 0.21 points.

Conclusions: A vast number of diabetes apps already exist, but the majority offer similar functionalities and combine only one
to two functions in one app. Patients and physicians alike should be involved in the app development process to a greater extent.
We expect that the data transmission of health parameters to physicians will gain more importance in future applications. The
usability of diabetes apps for patients aged 50 or older was moderate to good. But this result applied mainly to apps offering a
small range of functions. Multifunctional apps performed considerably worse in terms of usability. Moreover, the presence of a
documentation or analysis function resulted in significantly lower usability scores. The operability of accessibility features for
diabetes apps was quite limited, except for the feature “screen reader”.

(J Med Internet Res 2014;16(4):e104)   doi:10.2196/jmir.2968
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Introduction

Compared to early mobile phones, today’s smartphones and
tablet PCs offer a considerably wider range of functionalities.
Mobile applications (apps) are increasingly used in managing
various tasks in daily life. Currently, more than 900,000 apps
are available in the Apple App Store (operating system: iOS,
developer: Apple) and more than 700,000 apps in the Google
Play Store (operating system: Android, developer: Google) [1].
The number of health-related apps increased to 31,000 in 2013
[2].

Within the health care sector, apps are supporting the
management of illnesses, thereby promoting health awareness
and well-being [3-5]. Specifically, a multitude of apps have
been developed to assist patients in the management of diabetes
mellitus type 1 or 2 [3,6]. For example, a topic-specific search
in the Google Play Store resulted in more than 1000 hits. The
ability, however, to sort the results according to individual needs
is lacking. One reason for the large number of diabetes apps is
the high and steadily increasing diabetes prevalence, especially
among people older than 50 years [7-9]. In 2012, 371 million
people between the ages of 20 and 79 suffered from diabetes
worldwide and this number is estimated to increase to 552
million people by 2030 [10]. The high self-therapy potential
certainly has a major influence on the high number of currently
available apps.

We carried out a systematic review of all currently available
diabetes apps for the operating systems iOS and Android,
between February 2013 and April 2013. Our review aimed to
provide an overview of the number of newly released apps,
range of functions, target user groups, languages, acquisition
costs, popularity/user ratings, the ability to connect to
measurement devices, and the connection between acquisition
costs and user ratings.

Diabetes prevalence increases with age. Thus, the elderly are a
large target group that could benefit from diabetes apps.
However, several studies have shown a lack of acceptance and
a subpar use of innovative mobile technologies among this age
group [11-15]. As one possible reason, Holzinger et al [11] and
Mallenius et al [13] have pointed out the insufficient
consideration of usability requirements of the elderly. Their
experiences in handling mobile devices and apps are frequently
limited. Inhibition thresholds and entry barriers are therefore
particularly pronounced among this age group. In addition,
cognitive and physical skills are declining with age [11] and
result in needs that are considerably different from those of
young users. Hence, this age group would benefit from apps
that consider their specific usability requirements.

In order to better assess and quantify usability for the elderly,
we carried out an expert-based usability evaluation based on a

representative 10% sample of diabetes apps available as of April
2013. Therewith, we examined to what extent existing diabetes
applications serve the usability requirements of diabetes patients
aged 50 or older.

Until now, just a few reviews of diabetes apps had been
conducted [3,5,6,16]. They differ from the review presented
here in several ways: they considered a broader range of health
care applications, they were restricted to one operating system,
they reviewed solely the offered functionalities, or they were
done more than one year ago. There is an absence of usability
evaluation for diabetes apps [16,17]. Especially, formative
usability evaluations of health apps are rare. To our knowledge,
just one article has been published that links a diabetes app
review with a formative usability evaluation [16], but their
evaluation is limited to Android apps and gives no special
consideration to the requirements of elderly diabetes patients
as we do.

Methods

Systematic Review

Search and Screening Strategy
Our review focused on the leading operating systems for mobile
devices, iOS and Android. The analysis was carried out using
the Apple App Store for iOS apps and the Google Play Store
for Android apps. We focused exclusively on diabetes apps
available in English and German.

As a first step, we identified keywords to ensure that every
relevant diabetes app was detected. Therefore, we chose the
following German and English keywords, directly related to
diabetes mellitus: Diabetes, Blood Sugar/Blutzucker,
Glucose/Glukose. Every hit was reviewed in terms of its
relevance and explicit link to diabetes mellitus. This
pre-selection was necessary due to the growing number of
misleading descriptions (spam techniques) for apps, caused
partly by non-existent or low admission requirements for novel
apps. In the Google Play Store, no admission requirements
currently exist for newly developed apps, whereas iOS apps are
first internally reviewed by an app review board. All apps with
an explicit link to diabetes mellitus were included in the analysis.
The basis for the systematic and comparative market analysis
was defined by categories and respective
subcategories/specifications outlined in Table 1.

We considered all the available information given by both the
stores and the apps and collected the information for all
categories and subcategories/specifications. In some cases, the
structure of the app stores and the provided information differed
strongly from one another, so we applied different approaches
for the analysis of iOS and Android apps.
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Table 1. Categories and respective subcategories/specifications extracted from diabetes apps.

Subcategory/specificationsCategory

General information

App name

App language

Date of release/date of latest update (the acquisition of the release date was only possible for iOS apps;
for Android apps, only the date of the latest update could be recorded)

Availability of a desktop application

Operating system

App exclusively for the iOS operating system

App exclusively for the Android operating system

App for both operating systems available

Developer information

Name of the developer

Acquisition costs

Freeware

Exact price

Availability as “lite” version (paid apps sometimes offer free or cheaper lite versions with limited func-
tionality)

Popularity/user ratings

Number of downloads/installations

User rating

Number of user ratings

Range of functions (multiple selection possible)

Documentation function

Information function

Data forwarding/communication function

Analysis function

Recipe suggestions

Reminder function/timer

Advisory function/therapy support

Target user groups

Patients

Physicians/qualified health personnel

Both user groups

Interfaces

Availability of an interface/connectivity to an external sensor(s)/device

Search and Screening Strategy for iOS Apps
The analysis of iOS apps was conducted using the information
available in the Apple App Store. In contrast to the Google Play
Store, the Apple App Store offers several options for filtering
the search results by choosing thematic subcategories. The
results can additionally be sorted by relevance, popularity, user
rating, and date of release. During the survey period, a sorting

function was only available for the iPad, so the whole iOS app
survey was performed via the iPad.

For the analysis, we chose the subcategories “Health and
Fitness” and “Medicine”. Subsequently, the displayed apps were
sorted by their date of release. The date of release served as an
objective characteristic, which was necessary for a reliable and
reproducible acquisition of all diabetes apps. The number of
hits given by the Apple App Store corresponded exactly to the
number of relevant apps.
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We checked every app hit with regard to its availability for iPad
and iPhone. Additionally, we verified whether the app was
offered exclusively for the operating system iOS or also for
Android. The market analysis of diabetes apps for iOS resulted
in 390 hits.

Search and Screening Strategy for Android Apps
By using the information available in the Google Play Store,
the analysis of Android apps was conducted. To date, this app
store offers no option to filter the search results for apps
according to individual needs. Furthermore, the given “numbers
of hits” is not only the number of apps but also the number of
detected search terms in the app title and the app description.
Thus, the search term “diabetes” led to more than 1000 hits in
the Google Play Store. Keeping the limitations in mind, the
number of available apps was a considerable overestimation.

In order to ensure a representative analysis despite missing
selection criteria, we defined one day (03/06/2013) to record
all found apps with title and developer. This definition will
enable future app review processes. Additionally, every app
was crosschecked for availability of an iOS version. Altogether,
we found 380 diabetes apps available for the operating system
Android.

Expert-Based Usability Evaluation
To examine the usability of currently available diabetes
applications for the elderly, we performed an expert-based
usability evaluation. With this method, usability experts put
themselves in the role of potential or current users to examine
products in terms of usability. We performed a summative
evaluation as we exclusively included apps whose development
was already finished [18].

Due to the high number of apps available for review, the
usability evaluation was based on a representative 10% sample
of existing diabetes apps as of April 2013. The sample was
chosen on a random basis. The evaluation was performed by
three independent experts, as suggested by Nielsen [19] and
Barnum [20]. They were chosen due to their comprehensive
experience in handling and testing mobile devices and
applications with regard to usability for the elderly and
operability of accessibility features. In addition, they had
specific expertise in the field of diabetes and diabetes
management. They were already involved in the accompanying
systematic review and a survey of diabetes patients aged 50 or
older and physicians investigating the acceptance factors of
diabetes applications. The authors of this article were not
involved in the usability evaluation for reasons of independence.

The basis for the usability evaluation was defined by a specially
created set of usability criteria considering interaction processes,
interface design, and comprehensibility of content (Table 2).
Therefore, we reviewed usability guidelines (ISO, DIN) with

explicit regard to the requirements of the elderly concerning
mobile applications. Additionally, we considered usability
requirements that have been proven as relevant in previous
studies with this age group (Table 2). This guideline-based
approach of usability testing is in accordance with the proposals
of Nielsen [19], and Sarodnick and Brau [18]. We divided the
selected criteria into main and subcriteria, added a clear
description of their specific characteristics and defined
respective assessment criteria. The experts rated each
subcriterion and the expression of its characteristics by means
of a 5-point Likert scale to grade the evaluation or by means of
a dichotomous scale [16,19-21]. The main criteria were not
evaluated themselves; their scores were calculated from the
mean of the respective subcriteria.

To lower barriers for persons with reduced or limited cognitive
and physical skills, iOS and Android offer different accessibility
features. We tested the operability of three features for each
tested app in a separate test run. We have chosen features that
are relevant to the elderly and were offered by both operating
systems:

• Screen reader—Voice over (iOS)/Talk back (Android):
dichotomous scale

• “Larger Type” as an additional measurement for “possibility
to flexibly adapt the size of operating elements and
displayed images”: dichotomous scale

• “Invert colors” as an additional measurement for “sufficient
color contrast”: 5-point Likert scale

According to the methodical approach of Barnum, the evaluators
run through typical scenarios of use to conduct their evaluation
[20]. They were asked to take the perspective of a diabetes
patient aged 50 or older. Each expert tested the main
functionalities of the app, listed in the app description (eg, record
of blood glucose data and/or medication, plotting graphs, search
for information on diabetes mellitus, etc). All Android apps
were tested on a Samsung Galaxy Note 10.1. All iOS apps were

tested on an iPad 4thgeneration. If apps were offered for multiple
platforms by the manufacturer, they were tested on an iPad

4thgeneration.

The chosen method offers a high level of validity and
comparability due to its guideline-based approach and closed
response categories [22]. Additionally, a user-based test would
not have been able to represent the pronounced heterogeneity
among the age group 50 or older regarding health status, skills
and preferences, experience in technology use,
sociodemographics, etc, which is much more pronounced than
for younger age groups [13,15,23-25]. At the same time, it
would have been rather difficult to find test persons whose
characteristics corresponded exactly to the distribution within
the basic population.
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Table 2. Evaluated usability and assessment criteria for diabetes apps for the elderly.

Assessment criteriaDescription of characteristicsMain criterion/subcriteria

Comprehensibility

Use of understandable semantics

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Avoidance of foreign language and technical terms

Use of generally intelligible symbols and terms

If necessary, provision of additional explanations
[14,26,27]

Simple comprehensibility and interpretability of displayed images and depictions

5-point Likert scale (1=does
not apply at all; 5= does fully
apply)

Self-explanatory images and depictions, understandable
without further support and explanations [12]

Simple, self-explanatory menu structures

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Easily understandable and internally consistent menu
structures

Avoidance of strong hierarchical menu structures and too
many functionalities [11,15,28]

Presentation (Image and Text)

Sufficient color contrast

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Clear, distinguishable colors for images and depictions
or choice of color-neutral depictions

Avoidance of too glaring colors [12,26]

Large size of operating elements

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Sufficient size of screen as well as input and output fields
[13,27,28]

Ability to adapt the size of operating elements and displayed images

Dichotomous scale (applica-
ble, not applicable)

Ability to adapt size of operating elements and displayed
images according to individual needs, capabilities, and
preferences [14,26]

Usability

Instant and easily understandable feedback

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Instant response to entered data, including easily under-
standable error messages in case of erroneous data input
[15]

Intuitive usability

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Ability to use the application without prior knowledge

Ease of learning

Fast achievement of a first feeling of success [15,29]

Simple recognition of click-sensitive areas

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Simple distinction between click-sensitive and non-click-
sensitive areas, also without prior knowledge of the fea-
tures of the touchscreen technology [12]

General characteristics

High fault tolerance/efficient fault management

5-point Likert scale (1=does
not apply at all; 5=does fully
apply)

Reducing probability of erroneous data input by limiting
choice to meaningful values

Efficient proofreading mode and/or helpful user feedback,
for example, in case of erroneous data input [27,30]
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Assessment criteriaDescription of characteristicsMain criterion/subcriteria

Password-protected services

Dichotomous scale (applica-
ble, not applicable)

Avoidance of registration at online platforms (but partly
contrary to data protection regulations) [13]

Results

Systematic Review

Search and Screening
In total, we examined 656 apps during the review process. As
a result, we created three data sets (Multimedia Appendix 1),
which separated the currently available diabetes apps into apps
available exclusively for the operating system iOS (276 apps),
apps available exclusively for the operating system Android
(266 apps), and apps available for both operating systems (114
apps).

Annual Development of App Releases
The first diabetes app for iOS (according to Apple App Store
as of April 2013) was developed and released on July 17, 2008

(name: Glucose-Charter, developer: e-agent). The first Android
diabetes app (according to Google Play Store as of April 2013)
followed on November 8, 2009 (name: Body Sugar, developer:
Adibu). The number of diabetes apps released annually increased
during the last five years, from 6 in 2008 to 267 in 2012. In the
first four months of 2013, 149 new diabetes apps were released.
The number of apps for Android more than doubled each year
(Figure 1); however, this was not by publication date
(unavailable in Google Play Store) but rather the date of the last
update. More than half of the iOS diabetes apps (50.7%,
140/276) were specially designed for use on the iPhone. Only
87/276 (31.5%) were designed for both iPhone and iPad. Due
to a lack of information in the Google Play Store, this
subdivision into smartphone and tablet PC apps could not be
made for Android apps.
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Figure 1. Annual release figures for diabetes apps.

Operating Language
The majority (85.4%, 560/656) of the examined apps were in
English, especially the apps running exclusively on an Android

operating system, (90.2%, 240/266). Apps with German as
operating language were of relatively low number (14.6%,
96/656) (Table 3). Some apps offered the opportunity to choose
between several languages after download.

Table 3. Language of available diabetes apps as of April 2013.

Operating system

Total (n=656)iOS and Android (n=114)Android (n=266)iOS (n=276)SubcategoryCategory

Language, n (%)

560 (85.4)91 (79.8)240 (90.2)229 (83.0)English

96 (14.6)23 (20.2)26 (9.8)47 (17.0)German
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Acquisition Costs
The acquisition costs and the ratio of free to paid apps differed
strongly between the two operating systems (Table 4). While
most of the iOS apps required payment (62.3%, 172/276), the
vast majority of Android and Android/iOS apps were free
(63.5%, 169/266 and 69.3%, 79/114). Nonetheless, some of the
free apps and the inexpensive apps worked with specially
designed test strips or were able to be linked to measurement
devices. In these cases, the apps could not have been used
without compatible devices.

The analysis of app price distribution revealed that a greater
number of free apps were available across all apps (53.7%,

352/656). This appeared to be driven by Android apps where
63.5% (169/266) were free compared with 36.5% (97/266) paid.
The reverse trend was observed for iOS where only 37.7%
(104/276) were free compared with 62.3% (172/276) paid (Table
4).

The price of paid apps differed strongly between the operating
systems (Figure 2). The vast majority (69.7%, 212/304), were
in the price range of €0.01 to €3.00. The median price varied
between €1.50 and €2.30, depending on the operating system.
The apps designed for both operating systems tended to be the
apps with the highest price level (Figure 2). The analysis also
showed that some costly apps offer free or cheaper “lite”
versions with limited functionalities (5.3%, 35/656).

Table 4. Price distribution of apps and annual proportions of free apps since 2008.

Operating systemSubcategoryCategory

Total

(n=656)

iOS and Android

(n=114)

Android

(n=266)

iOS

(n=276)

Price distribution of diabetes apps and “lite” versions, n (%)

352 (53.7)79 (69.3)169 (63.5)104 (37.7)Free

304 (46.3)35 (30.7)97 (36.5)172 (62.3)Paid

35 (5.3)6 (5.3)11 (4.1)18 (6.5)Paid/Lite version
available

Development share of free diabetes apps since 2008, n (%)

99/149 (66.4)33/42 (78.6)60/87 (69.0)6/20 (30.0)2013 (by April)

177/267 (66.3)40/55 (72.7)79/108 (73.7)58/104 (55.8)2012

56/145 (38.6)6/16 (37.5)27/58 (46.6)23/71 (32.4)2011

16/65 (24.6)0/1 (0.0)3/12 (25.0)13/52 (25.0)2010

3/24 (12.5)0/0 (0.0)0/1 (100.0)3/23 (13.0)2009

1/6 (16.7)0/0 (0.0)0/0 (0.0)1/6 (16.7)2008

Figure 2. Price distribution of paid diabetes apps available as of April 2013.
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Range of Functions/Functionality
Examining the range of functions of diabetes apps demonstrated
that most were limited to one function (54.1%, 355/656). Only
185/656 (28.2%) combined two functions, and three or more
functions were offered by 116/656 (17.7%) of the apps available
as of April 2013 (Table 5). Apps developed exclusively for iOS
tended to offer a wider range of functions compared to Android
apps.

A total of 348/656 (53.0%) apps and thus the majority of
diabetes apps available as of April 2013 offered a documentation
function (Figure 3). By using this feature, the measured blood
glucose values can be recorded and either summarized in a table
or plotted as a graph. Hence, the app enables the user to monitor
the disease progression.

The recording of the blood glucose values mainly occurred via
manual data input. Only a small number of apps offered the
option to transfer the data wirelessly and automatically from
the measuring device via Bluetooth to the mobile device.

The documentation function may be linked with an analysis
function, which opens up the possibility to analyze the recorded
data and to graphically display the results (Multimedia Appendix
2); 117/656 (17.8%) of the diabetes apps offered this service
(Figure 3). The documentation function includes the recording
and monitoring of individual eating habits (eg, the bread unit
intake). Some apps, additionally, log the frequency of the user’s
physical activity or the individual medical therapy (type and
frequency). The documentation function was frequently linked
with a reminder function, which reminds the user of its periodic,
pre-defined medication (11.4%, 75/656) (Figure 3). According
to the holistic setting approach, some of the available apps
already offered the opportunity to track the course of disease
for affected family members.

In total, 226 (34.5%) of the examined diabetes apps offered an
information function, including the ability to inform about the
illness, its diagnosis, the course of the disease, various treatment
options, medication, and secondary diseases (Figure 3).
Sometimes those apps provided information on the nutrient
content of diverse foods and beverages and calorie consumption
during various sporting activities (Multimedia Appendix 3).

A data forwarding/communication function was offered by
204/656 (31.1%) apps. With this function, the user has the
opportunity to send the recorded data via email to the attending
physician, family members, and/or friends (Multimedia
Appendix 4). The reports can be sent frequently or on demand.
Some of the apps were connected to special diabetes forums,
where the users can upload their individual blood glucose values
and discuss them with other diabetes patients (name: Diabesties,
developer: Ayogo Health).

Surprisingly, only 58/656 (8.8%) of the diabetes apps provided
an advisory function or any other kind of therapeutic support
(Figure 3). Only a limited number of apps used the recorded
data to create individualized advice to optimize the patients
measuring, medication, eating habits, or activity behavior. One
reason may be a previously required certification as a medical
product for that kind of support.

Besides the previously described functions, 95/656 (14.5%) of
the apps included suggestions for recipes suitable for the needs
of diabetics (Figure 3).

As an example, Multimedia Appendix 5 shows screenshots of
a highly reviewed app linking a documentation, analysis,
communication, and information function (name: IBG Star
Diabetes Manager mg/dl, developer: Sanofi Diabetes).
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Table 5. Number of functions, target user groups, and popularity/user ratings of diabetes apps available as of April 2013.

Operating systemSubcategoryCategory

Total

(n=656)

iOS and Android

(n=114)

Android

(n=266)

iOS

(n=276)

Number of functions per diabetes app, n (%)

355 (54.1)65 (57.0)156 (58.6)134 (48.6)1 function

185 (28.2)27 (23.7)71 (26.7)87 (31.5)2 functions

74 (11.3)13 (11.4)25 (9.4)36 (13.0)3 functions

35 (5.3)9 (7.9)11 (4.1)15 (5.4)4 functions

7 (1.1)0 (0.0)3 (1.1)4 (1.4)> 4 functions

Target user groups, n (%)

630 (96.0)107 (93.9)260 (97.7)263 (95.3)Patients

50 (7.6)14 (12.3)17 (6.4)19 (6.9)Physicians/qualified
health personnel

24 (3.7)7 (6.1)11 (4.1)6 (2.2)Patients and physi-
cians/qualified health
personnel

Popularity/user ratings

295 (45.0)75 (65.8)189 (71.0)31 (11.2)Share of apps with rat-
ing, n (%)

7.06.06.09.0Median number of rat-
ings

3.84.04.03.5Median number of stars
(max 5)
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Figure 3. Range of functions of diabetes apps available as of April 2013.

Target User Groups
The vast majority (96.0%, 630/656) of the examined apps were
designed specifically for patients, 24/656 (3.7%) apps addressed
both patients and physicians/qualified health personnel, and
only 50/656 (7.6%) were specifically designed for the target
group physicians/qualified health personnel (Table 5). One
reason might be the high potential for individual treatment and
management of diabetes mellitus by the patients themselves.
Particularly, patients suffering from type 2 diabetes have the
opportunity to impact the course of the disease in a positive
manner by a change in their lifestyles [31-33]. In this regard,
diabetes mellitus differs from other chronic diseases such as
cancer or dementia.

Popularity and User Rating
User ratings are a highly valuable and realistic evaluation of
the additional benefits of apps. It is thus remarkable that just
31/656 (11.2%) of the apps designed exclusively for iOS were
rated by users. In comparison, 189/266 (71.0%) of the Android
apps and 75/114 (65.8%) of the apps running on both operating
systems were rated (Table 5). One reason might be the rating
procedure of the Apple App Store, which is more complicated
than the procedure of the Google Play Store and requires several
steps to rate an app. The median of the amount of provided
ratings varied between six (iOS & iOS/Android apps) and nine
ratings (Android apps). With a maximum of five stars for an
app evaluation, the median rating varied from 3.5 (iOS apps)

to 4 (Android & iOS/Android apps) stars (Table 5). Thus, 50%
of the diabetes apps earned ratings of more than 3.5 to 4 stars,
corresponding to a moderate to good rating.

Not only was the lower number of rated iOS apps conspicuous,
the median of awarded stars was also lower than for Android
apps (Table 5). That was surprising due to the higher access
restrictions (peer review-based admission procedure for new
apps) by the Apple App Store compared to non-existent
restrictions by the Google Play Store.

Except for the ratings, the Google Play Store gave information
about the number of downloads (ie, the number of installations)
as another indicator of the app popularity. This information was
not given by the Apple App Store. Hence, it was not possible
to compare this indicator between both operating systems. But
it has been shown that the number of downloads tended to
correlate with the number of ratings and awarded stars.

Connection Between Acquisition Costs and User Ratings
During the analysis, the question arose of whether there is a
connection between the price of an app and the level of user
ratings. The results indicated that there existed a positive
correlation between the acquisition costs and the number of
given stars, for the price range of €0.01 to €5.00 (Figure 4). If
the price exceeded €5.00, the correlation tended to inverse and
the apps received worse evaluations. However, compared to
free apps, no clear differences in the number of given stars could
be found.
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In general, free apps were rated more frequently than paid apps.
With a share of 56.5% (204/361), they received the highest
number of given ratings compared to just 27.5% (28/102; price
range: €0.01-€1.00) up to 41.7% (5/10; price range:

€10.00-€100.00) of the paid apps. However, it has to be
considered that the number of free apps was considerably higher
than the number of price-intensive apps.

Figure 4. Distribution of user rating differentiated by acquisition costs as of April 2013.

Availability of Interfaces to External Sensors/Devices
Contrary to our initial expectations, only a limited number of
diabetes apps possessed an interface to an external sensor or a
measuring device (eg, for the measurement of blood glucose).
Predominantly, apps developed for both operating systems were
able to connect with an external sensor/device (7.9%, 9/114).
Rarely, iOS apps (2.5%, 7/276) offered this feature compared
to Android apps (5.3%, 14/266).

The majority of apps that were able to connect to an external
measuring device transmitted the data via a Bluetooth interface.
This interface enabled a wireless data transfer to the mobile
device or to a PC. Some of the measuring devices already
offered an automated transmission of the measured values in
real time. There were two options for data synchronization: (1)
wireless transfer of measured values to a mobile device and
synchronization with the Internet, mostly to an online patient
diary (registration required), and (2) wireless transfer of
measured values to a PC, transfer of data to an online platform
(registration required), and synchronization with a mobile device
in the second step (eg, System Health Vault via Microsoft).

Expert-Based Usability Evaluation
In total, we evaluated 66 out of 656 diabetes apps within the
usability evaluation (Multimedia Appendix 6): 29 apps available
exclusively for the operating system iOS, 28 apps available
exclusively for the operating system Android, and 9 apps
available for both operating systems.

For all main and subcriteria, we averaged the evaluations of all
three experts. The values of the main criteria represent the mean
of the corresponding subcriteria (Table 6). The total usability
score was calculated from all categories, which were determined
by means of a 5-point Likert scale.

Analyzing the results, the majority of evaluations were in the
range of 3.0 to 4.0, which corresponded to a moderate to good
rating of the apps included in the 10% sample. All tested apps
received the best rating for the subcriteria “use of understandable
semantics” and “simple comprehensibility and interpretability
of displayed images and depictions” with a total average value
of 4.1 (Table 6). Independent of the operating system, all apps
received the worst rating for the subcriterion “fault tolerance”
(2.8) followed by “simple recognizability of click-sensitive
areas” (3.0). It has to be mentioned that it was only possible to
evaluate fault tolerance for apps offering data input (36.4%,
24/66) (Table 6). The values determined for all other subcriteria
varied between 3.1 and 4.0. Comparing the total usability score
between the different operating systems, we found no clear
differences with values varying between 3.3 and 3.4 for both
iOS/Android apps. The worst-rated app with a usability score
of 2.5 was HealthFile LIVE! (developer: WakefieldSoft LLC)
for Android (Multimedia Appendix 6). The best-rated app was
Diabetic Recipes Volume I (developer: ECI) for Android with
a usability score of 4.1. Password-protected services were
offered by an average of 18.2% of the apps.

In the second run, we evaluated the three chosen accessibility
features. The results show that their operability was rather
limited. The highest values were observable for the screen reader
features Voice over (iOS) and Talkback (Android); 25 (86.2%)
of the 29 iOS apps offered the ability to read the screen content
aloud compared to 19 (67.9%) of the 28 Android apps, and just
4 (44.4%) of the 9 apps designed for both operating systems.
The feature “invert colors” showed no considerable
improvement of color contrast compared to the results of our
evaluation without testing this feature. The results for testing
the feature “large type” differed widely. While none of the iOS
apps offered this feature, 11/27 (40.7%) Android apps offered
contents in large font (Table 6).
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While conducting our systematic review, we hypothesized that
usability decreases with an increasing number of functions.
Hence, we additionally investigated the relationship between
the main usability criteria and the number of functions by
conducting several correlation analyses. The results shown in
Table 7 indicate statistically significant negative relationships
between the number of functions and all usability criteria, except
“fault tolerance”. Thus, the number of functions and all usability
criteria were significantly negative correlated with coefficients
varying between −.29 and −.25 implicating that diabetes apps
offering a wider range of functions performed worse in terms
of usability.

Furthermore, we analyzed the relationship between the usability
score and specific functions based on the differences in
functionality we found in our systematic review. Therefore, we
conducted multiple linear regression analysis to control for
potential confounding effects of other functions offered by the
same app (Table 8). It showed significant results only for two
types of functions. The presence of a documentation function
reduced the usability score on average by 0.36 points while the
usability score of apps offering an analysis function was on

average reduced by 0.21 points. According to R2, 25% of the
variance of the usability score was explained by the model. All
correlation and regression analyses were conducted with the
statistical software Stata 11.1.

Table 6. Usability scores from expert-based usability evaluation by operating system, shown as mean values.

Operating systemSubcriteriaMain criterion

Total

(n=66)

iOS and An-
droid

(n=9)

Android

(n=28)

iOS

(n=29)

mean (SD)

4.0 (0.48)3.7 (0.35)4.0 (0.43)4.1 (0.53)Comprehensibility

4.1 (0.54)3.8 (0.45)4.0 (0.45)4.3 (0.58)Use of understandable semantics

4.1 (0.51)4.0 (0.37)4.1 (0.53)4.2 (0.54)Simple comprehensibility and interpretability of displayed
images and depictions

3.7 (0.82)3.3 (0.66)3.9 (0.84)3.7 (0.82)Simple, self-explanatory menu structures

3.5 (0.40)3.2 (0.36)3.6 (0.38)3.4 (0.36)Presentation (Image and Text)

3.6 (0.60)3.1 (0.89)3.8 (0.47)3.5 (0.52)Sufficient color contrast

3.5 (0.68)3.4 (0.56)3.9 (0.55)3.2 (0.65)Sufficient color contrast with accessibility feature “invert
colors”

3.3 (0.59)3.1 (0.18)3.2 (0.57)3.4 (0.69)Big size of operating elements

14 (21.2%)2 (22.2%)4 (14.3%)8 (27.6%)

Ability to adapt the size of operating elements and dis-

played imagesa, n (%)

14 (21.2%)3 (37.5%)b11 (40.7%)b0 (0.0%)

Ability to adapt the size of operating elements and dis-

played images with accessibility feature “large type”a, n
(%)

3.3 (0.43)3.2 (0.38)3.2 (0.44)3.4 (0.43)Usability

3.3 (0.58)3.5 (0.47)3.3 (0.53)3.3 (0.66)Instant and easily understandable feedback

3.5 (0.68)3.3 (0.56)3.5 (0.72)3.6 (0.68)Intuitive usability

3.0 (0.55)2.9 (0.48)2.8 (0.45)3.1 (0.65)Simple recognition of click-sensitive areas

48 (72.7%)4 (44.4%)19 (67.9%)25 (86.2%)

Accessibility Features: Voice over (iOS), Talkback (An-

droid)a, n (%)

2.8 (0.89)3.5 (0.43)2.8 (0.87)2.5 (0.95)General characteristics

2.8 (0.89)3.5 (0.43)2.8 (0.87)2.5 (0.95)Fault tolerance/Efficient fault management

12 (18.2%)3 (33.3%)4 (14.3%)5 (17.2%)Password-protected servicesa, n (%)

1.7 (0.89)1.6 (1.13)1.7 (0.85)1.6 (0.82)Number of functions per app

3.3 (0.39)3.4 (0.48)3.3 (0.38)3.3 (0.40)Total Usability Score

aThe values of this subcriterion show means of frequencies.
bOne observation was missing for this subcriterion and the corresponding operating system. Accordingly n is reduced by 1.
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Table 7. Spearman’s rank correlation coefficients comparing number of functions with main usability criteria scores.

Main usability criteria scoresNumber of functions

Fault toleranceUsabilityPresentationComprehensibility

.46** (P<.001)−.25* (P=.04)−.25* (P=.046)−.29* (P=.02)1

*5% significance level
**1% significance level

Table 8. Multiple regression analysis: relationship between usability score and functions.a

Pt95% CICoefficient (b)Variable

.22−1.23−0.29 to 0.07−.11Information function

.560.58−0.15 to 0.27.06Recipe suggestions

.001b−3.43−0.57 to −0.15−.36Documentation function

.03c−2.23−0.39 to −0.02−.21Analysis function

.82−0.23−0.42 to 0.33−.04Reminder function/timer

.37−0.90−0.38 to 0.14−.12Advisory function/therapeutic support

.760.31−0.20 to 0.27.04Data forwarding/communication function

<.001b38.973.53 to 3.913.72Intercept

R2=.25F7,58=3.46n=66 

aOrdinary Least Squares regression with robust standard errors
b1% significance level
c5% significance level

Discussion

Systematic Review
The systematic review showed that a large number of diabetes
apps are available. Providers may be entering the market as a
result of the rising number of patients suffering from diabetes.
For users, especially patients, it becomes increasingly difficult
to find an app in this plethora of options that is suitable for one’s
own needs. This problem is caused by a lack of effective search
criteria and filter functions in the app stores. More frequently,
apps are chosen that appear first in the search results for diabetes
apps. The sorting criteria in the app stores are not apparent. New
apps from relatively unknown developers could have difficulties
being listed among the first results.

At the same time, many apps offered similar functionalities,
mostly a documentation function, which is consistent with earlier
findings of Martínez-Pérez et al [3], Eng et al [5], Chomutare
et al [6], and Demidowich et al [16]. Differences were found
mostly in the design and the menu structure. Additionally, the
majority of diabetes apps offered only one or two functions. An
application that simultaneously informs and contributes to
successful treatment by combining documentation, reminder,
and advisory functions was not available as of April 2013. Such
a multifunctional app would have a clear additional benefit,
especially for newly diagnosed and elderly diabetes patients.
At the same time, simple, understandable design, content, and
menu navigation are needed. But several apps showed a lack
of suitability and usability for its main target group diabetics,
which is in accordance with the findings of Demidowich et al

[16]. Some were apparently developed without intensive
cooperation or prior (usability) tests with patients or professional
health care personnel. The obligation for certification as a
medical product does currently not exist, even though some
diabetes apps are already certified, especially those linked to
an external measurement device, eg, iBGStar Diabetes Manager
(iOS), Bodytel Mobile (iOS and Android), or Diabetes
Companion by mySugr (iOS and Android). Peer review
processes of health apps are already offered by several platforms
such as iMedical Apps [34], JMIR mHealth [35], or HealthOn
[36]. This structure offers substantial and valuable support for
users and their decision-making processes, but also in terms of
quality assurance and improvement. In contrast, the Google
Play Store, as one of the leading app stores, does not currently
apply a peer review-based admission procedure for new apps.
This lack of certification results in a lack of “[…] demonstrated
safety and effectiveness, especially where information and trends
are not just presented to patients, but used to make treatment
recommendations” [37].

As an example, one app mainly offered labels like “after
breakfast” or “after lunch” for the documentation of measured
blood glucose values, which implies postprandial states. But,
for most diabetics, the blood glucose values before eating are
decisive to adjust the amount of insulin. Another app offered
the feature to plot a graph labeled “HbA1c (glycated
hemoglobin) according to day-time”. This neglects that the
HbA1c is a value for long-term blood glucose. As a further
example, some apps provided no option to modify, once entered,
values at a later point in time. This misconception prevents a
subsequent data amendment for example in the run-up of a
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doctors’ visit. At the same time, there is no opportunity to
correct wrong values, for instance, as a result of erroneous data
input.

Taking a look into the future, we expect that the data forwarding
function, especially to the attending physician, will gain
significantly more importance. A regular transmission of data
to their physician linked with frequent feedback can be a
valuable therapy support, particularly for people in rural regions
that are or will become affected by a shortage of doctors [38,39].
Nevertheless, there still exist open questions concerning data
security, network coverage, interoperability, documentation
requirements, and coverage in health care plans, etc [38,40,41].

Additionally, the automated transmission of measured values
in real time from the measuring device to the mobile device
will probably spread and is an important driver for the perceived
ease of use as El-Gayar et al point out [42]. At the moment, the
input of the measured blood glucose values occurs manually in

most of the cases, as earlier findings of Eng et al [5] and
Chomutare et al [6] confirm. Some manufacturers already offer
blood glucose meters that allow real-time data transmission of
measured blood glucose data via Bluetooth to a mobile device
(eg, GlucoTel [43], iBGStar [44]) (Figure 5). This function
simplifies the process of documenting for the patient and, at the
same time, it increases the reliability of the entered data and
subsequent analysis.

Notwithstanding the functions offered by diabetes apps, their
effects on patients’ self-management and, accordingly, on
important indicators, as for example the HbA1c value, have to
be evaluated. A comprehensive, representative, and long-term
study investigating these health effects is lacking so far. But
different studies focusing on the outcomes of mobile phone
interventions, such as SMS, point out a slightly positive
influence as shown in the reviews of Holtz et al [45] and Free
et al [46].

Figure 5. Glucose meters with automated transmission of blood glucose values to mobile devices.

Expert-Based Usability Evaluation
As a supplement to our systematic review, we conducted an
expert-based usability evaluation to examine the usability of
currently available diabetes apps for patients aged 50 or older.
Therefore, we focused on the age group with the highest diabetes
prevalence. The results show moderate to good evaluations
(range 3.0-4.0) for all reviewed usability criteria, which is in
accordance with the results of Demidovich et al [16]. An
exception was “fault tolerance” (Table 6). The main criteria,
“comprehensibility”, rated best with a score of 4.0. In particular,
the elderly benefit from easy, understandable semantics and
easy, comprehensible, and interpretable images and depictions,
due to their frequently limited experience in handling mobile
devices and apps. Hence, it can lower inhibition thresholds,
especially during the first time of use, and therefore increase
acceptance among this age group. The same is true for the
influence of “easily understandable feedback” (3.3) and an

“intuitive usability” (3.5) (main criterion “usability”). However,
these two subcriteria performed worse within our evaluation.
The fact that most of the diabetes apps were in English or
contained English/foreign language terms (Table 3) diminished
the usability especially for non-English-speaking elderly in
terms of comprehensibility. This can be seen as one optimization
approach for future app development that is comparatively easy
to implement.

The evaluation showed moderate results for the main criterion
“presentation” (3.5). Our test of three accessibility features
indicated a very good operability of the screen readers,
especially for Voice over (86.2%) offered by iOS. However,
the operability of the features “invert colors” (3.5) and “large
type” (21.2%) was rather restricted. Additionally, the minority
of diabetes apps (17.8% of the iOS apps) were developed
specifically for tablet PCs. However, we assess them as more
suitable and user-friendly for elderly diabetes patients due to
their larger display and bigger illustrations. With increasing
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age, cognitive and physical skills are declining, such as eyesight,
visual acuity, color vision, contrast detection, and hearing [11].
Especially elderly diabetes patients are often suffering from
retinopathy. Shortcomings of diabetes apps concerning the
presentation of information (color contrast, size of operating
elements, option to flexibly adapt size of operating elements,
etc) and the operability of accessibility features are deterring
potentially interested patients from using diabetes apps from
the outset. Therefore, a barrier-free access is a basic prerequisite
for elderly patients to make them use diabetes apps. Against
this background, all the other criteria we determined become
of secondary importance in terms of usability.

The criterion “fault tolerance” rated worst with a score of 2.8
(Table 6). This means that the available diabetes apps were
lacking an efficient fault management (criterion specified in
Table 2). Especially inexperienced (elderly) users often have
difficulties with inputting data. Some errors are unrecoverable
or even cause the application to shut down, as Garcia et al
already demonstrated in their analysis [17]. These results have
to be viewed with great concern due to the fact that these apps
are dealing with medical parameters. This becomes particularly
serious if these values provide the basis for further calculations
as, for example, the required dose of insulin. Our results
demonstrate once again the meaningfulness of an automated
transfer of measured values from the blood glucose meter to
the mobile device [42]. Additionally, it could be helpful to limit
choice to meaningful values, for example, by offering a numeric
keyboard to enter blood glucose values.

Our correlation and regression analyses indicated a strong link
between usability and the number and kind of functions. In
particular, the number of functions and all main usability criteria
were significantly negative correlated. These results cast a
different light on the aforementioned outcomes of our usability
test. Hence, the moderate to good usability scores applied mainly
to apps offering a small range of functions. This relation inverted
when we looked upon the considerably lower usability scores
for multifunctional apps (Multimedia Appendix 6). Considering
the special needs of elderly diabetes patients, they would benefit
from a comprehensive and easily understandable support as
already mentioned above. They are frequently affected by
multimorbidity and polypharmacy, particularly after many years
of suffering from diabetes [47].

Differed by functions, apps offering a documentation and an
analysis function performed worse in terms of usability. This
result is surprising as the documentation function is most
commonly offered with a share of 53.0%. It can be a valuable
support for all diabetes patients measuring and recording blood
glucose level regularly. But as interviews with diabetes patients
aged 50 or older (conducted in Germany in 2013) have shown,
most of them prefer documentation by means of a conventional
diary (results not shown). One reason they named was the
aforementioned lack of usability and therefore a too complicated
and time-consuming handling. Moreover, the use of these two
functions is characterized by a higher level of human-technology
interaction than, for example, the use of an information function.
Of course, this can be accompanied by a wider scope of error
sources and usability barriers.

Altogether, the potential of diabetes apps for assisting and
supporting diabetes patients aged 50 or older is large. In
particular, the target group aged between 50 and 60 years holds
great potential as people of this age are already quite familiar
with mobile devices and apps [48]. Now, app developers are
facing the challenge of taking sufficient account of the usability
criteria we examined and addressing those shortcomings. There
is no need for a huge number of new app functions. It is more
about improving what already exists.

Future Work
The systematic review and the expert-based usability test were
conducted within the project “InnoMedTec”. In that project, we
investigate the question: “How should a mobile application be
designed to support an effective self-management for diabetes
patients aged 50 or older?” Our market analysis provided the
basis for a survey among diabetes patients aged 50 or older and
physicians, which we conducted in the second half of 2013.
Within guided interviews, we investigated the current use,
acceptance promoting/inhibiting factors, potentially needed
support, and concrete design features for the development of a
diabetes app. Merging the results of the systematic market
review and the survey, a user- and needs-oriented prototype app
for diabetics aged 50 or older will be developed this year. To
guarantee usability and needs orientation, the prospective users
and usability experts are involved in the product development
process right from the beginning. User- and expert-based
usability tests are performed regularly. The results are integrated
continuously in the app optimization until its finalization.

Limitations

Systematic Review
The conducted review focused exclusively on apps for the
currently leading operating systems, iOS and Android. Currently
available diabetes apps for other operating systems, such as
Windows Phone, Blackberry OS, or Symbian, were not
considered within the analysis. The app publication date was
solely available for iOS apps, but not for Android apps. Here,
the date of the last update served as reference value. Due to that
fact, the results concerning the annually new released diabetes
apps were not directly comparable.

The app information was gathered by studying the descriptions
in the app stores and within the app itself. More detailed
information, such as download statistics, were not available for
analysis. Perhaps this information would enable more detailed
results concerning the user groups, for example, differentiated
by gender, age groups, or type of diabetes.

Expert-Based Usability Evaluation
Within our usability evaluation, we investigated usability criteria
exclusively. We evaluated neither the quality of content and
functions nor their effectiveness. Furthermore, it has to be
mentioned that one usability evaluation cannot claim to cover
all possible and critical usage situations that can possibly occur
[18-20,49].

We would also stress that we examined a sample of all available
diabetes apps, not just a sample of apps developed specifically
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for the elderly. Hence, many of the apps we evaluated do not
claim to be particularly suitable for this age group.

Conclusions
Despite the huge amount of currently available diabetes apps,
most of them offer a small number of similar functionalities.
Patients and physicians should be directly involved during the
app development to tackle the lack of usability and
needs-orientation for its main target group diabetics. We think
that data forwarding options and automated transmission of

measured values to mobile devices will gain more importance
in the future.

The usability of diabetes apps for patients aged 50 or older was
moderate to good. But this result applied mainly to apps offering
a small range of functions. Multifunctional apps performed
considerably worse in terms of usability. Differed by functions,
the documentation and analysis function indicated significantly
lower usability scores. The operability of accessibility features
for diabetes apps was quite limited, except for the feature
“screen reader”.
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Abstract

Background: Healthy eating interventions that use behavior change techniques such as self-monitoring and feedback have been
associated with stronger effects. Mobile apps can make dietary self-monitoring easy with photography and potentially reach huge
populations.

Objective: The aim of the study was to assess the factors related to sustained use of a free mobile app (“The Eatery”) that
promotes healthy eating through photographic dietary self-monitoring and peer feedback.

Methods: A retrospective analysis was conducted on the sample of 189,770 people who had downloaded the app and used it
at least once between October 2011 and April 2012. Adherence was defined based on frequency and duration of self-monitoring.
People who had taken more than one picture were classified as “Users” and people with one or no pictures as “Dropouts”. Users
who had taken at least 10 pictures and used the app for at least one week were classified as “Actives”, Users with 2-9 pictures as
“Semi-actives”, and Dropouts with one picture as “Non-actives”. The associations between adherence, registration time, dietary
preferences, and peer feedback were examined. Changes in healthiness ratings over time were analyzed among Actives.

Results: Overall adherence was low—only 2.58% (4895/189,770) used the app actively. The day of week and time of day the
app was initially used was associated with adherence, where 20.28% (5237/25,820) of Users had started using the app during the
daytime on weekdays, in comparison to 15.34% (24,718/161,113) of Dropouts. Users with strict diets were more likely to be
Active (14.31%, 900/6291) than those who had not defined any diet (3.99%, 742/18,590), said they ate everything (9.47%,

3040/32,090), or reported some other diet (11.85%, 213/1798) (χ2
3=826.6, P<.001). The average healthiness rating from peers

for the first picture was higher for Active users (0.55) than for Semi-actives (0.52) or Non-actives (0.49) (F2,58167=225.9, P<.001).

Actives wrote more often a textual description for the first picture than Semi-actives or Non-actives (χ2
2=3515.1, P<.001).

Feedback beyond ratings was relatively infrequent: 3.83% (15,247/398,228) of pictures received comments and 15.39%
(61,299/398,228) received “likes” from other users. Actives were more likely to have at least one comment or one “like” for their

pictures than Semi-actives or Non-actives (χ2
2=343.6, P<.001, and χ2

2=909.6, P<.001, respectively). Only 9.89% (481/4863) of
Active users had a positive trend in their average healthiness ratings.

Conclusions: Most people who tried out this free mobile app for dietary self-monitoring did not continue using it actively and
those who did may already have been healthy eaters. Hence, the societal impact of such apps may remain small if they fail to
reach those who would be most in need of dietary changes. Incorporating additional self-regulation techniques such as goal-setting
and intention formation into the app could potentially increase user engagement and promote sustained use.
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Introduction

Dietary Self-Monitoring and Feedback
Despite various efforts to curb the growth of obesity, a
significant part of the population still eats unhealthy food in
excessive quantities. Knowledge about healthy eating is not
sufficient on its own to change eating behavior [1]. On an
individual level, one behavioral strategy recommended in weight
control and improvement of dietary habits is self-monitoring
of food intake [2,3]. Moreover, healthy eating interventions that
use self-monitoring combined with other self-regulation
techniques from control theory, such as feedback [4], appear to
be more effective than interventions that do not include these
techniques [5]. Smartphones and photography can be used to
make self-monitoring easy and convenient [6-9]. Due to the
wide penetration of smartphones in the population, this approach
could reach a large number of people with small cost. However,
it is not known whether such mobile apps for independent use
would engage people and reach those who could benefit the
most from dietary monitoring.

Dietary self-monitoring prompts people to reflect on their
current behavior and compare it to ideal behavior [4,10]. In
weight loss studies, consistent recording of food intake appears
to be one of the most effective methods [3,11]. Yet it is not clear
how consistent self-monitoring needs to be for the method to
be effective. The degree of monitoring is typically reported as
the number of food diaries/entries completed per day and/or
week, and the duration of the monitoring period has varied from
eight weeks to two years in different studies [3]. For example,
a six-month intervention study found that the average number
of food records per week was 3.7 and greater weight loss was
associated with more frequent monitoring [12]. Another study
on members of a free online weight loss program found that
more frequent weight monitoring was associated with greater
weight loss, but no association was found between dietary
monitoring frequency and weight loss [13]. Overall, it is not
clear whether these results tell more about an individual’s
engagement to the program or specifically about the effect of
monitoring. Studies have also mostly focused on weight loss,
not on prevention of weight gain through improvement of eating
behavior.

Traditional methods for dietary self-monitoring include more
or less detailed food diaries and calorie counting [14]. These
methods can be burdensome to people [6,7,15-17] and suffer
from underreporting and recall issues [15-19]. Methods that can
minimize the temporal distance between eating and recording
food intake are likely to improve outcomes; the percentage of
food records made within 15 minutes of eating has been found
to be associated with weight loss [20]. Recently, smartphone
cameras have made just-in-time food journaling possible by
taking a photo of food. A pilot study using disposable cameras
suggests that recording food before eating can lead to increased
consideration of dietary habits and alter food choices better than

written diaries [21]. Capturing images of food may improve
adherence and accuracy in some groups, such as among
adolescents who may be less motivated to keep detailed food
diaries [8].

Feedback on performance is a self-regulation technique that
either reinforces the current behavior or creates a discrepancy
between current and ideal behavior [4]. Individualized feedback
has been found to be associated with higher adherence to online
interventions promoting healthy lifestyles [22,23]. In terms of
the content of feedback, encouraging reflection and
self-monitoring may be more important than detailed analysis
of nutritional contents when the target is to change eating
behavior [10,24,25].

Mobile apps can provide automated feedback on the healthiness
of the food based on the photo and also leverage other users to
provide feedback through crowdsourcing [6]. Although it is still
difficult to estimate food ingredients and portion sizes from a
photograph, efforts to develop estimation algorithms based on
image processing or crowdsourcing are underway [6,16]. One
such app is PlateMate, which crowdsources nutritional
assessments from Amazon Mechanical Turk, where individuals
assessing the food pictures receive a nominal payment for each
picture [6]. Evaluation of the app suggested that these
crowd-generated assessments were almost as accurate as those
done by professional nutritionists, although pictures containing
ambiguous items such as beverages or salad dressing received
inaccurate ratings [26]. Beyond nutritional assessments,
technology can be used to share advice and feedback on healthy
eating between users [27].

Adherence to Mobile Apps
Numerous mobile apps for healthy eating are available in
application markets. Although they are easily within anyone’s
reach, attrition is likely to be a significant challenge, since there
is usually very little external pressure or incentive to continue
usage [28]. Little research exists about usage behavior of
health-promoting apps, but reviews on Web-based interventions
have found that adherence is generally lower outside randomized
controlled trials and some observational studies have reported
adherence rates as low as 1% [29]. One of the few articles
published about mobile app usage examined data that was
collected from 4125 users between August 2010 and January
2011 [30]. The study found that sessions with apps were short,
averaging a little more than a minute, and that different types
of apps were used during different times of the day.
Communication apps were the most frequently used, 49.50%
of app launches, whereas the proportion of health apps was only
0.26% of all app launches [30]. More studies into health app
usage behavior are thus warranted. Considering that people’s
eating patterns and daily routines vary over the week [31,32],
analyzing the temporal context of app usage may help identify
the best times to start using an app that promotes lifestyle
changes.
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Study Objectives
This study assesses the overall usage and reach of a free mobile
app for healthy eating (“The Eatery”) over a period from
October 2011 to April 2012. Specifically, we examine the
indicators of sustained use of the app, especially focusing on
the initiation of self-monitoring and the influence of peer
feedback.

Methods

Mobile App
The Eatery was a free iPhone app developed by the company
Massive Health. The app was officially launched on November
1, 2011 in Apple’s application market [33]. It was targeted
toward English-speaking people and presented as an easy and
fun way to eat healthily. Its main functions were photographic
food recording, self-evaluation of foods, and crowdsourced peer
feedback. Users were asked to take a picture of the foods they
were going to eat, rate the picture on an arbitrary healthiness
scale from fat (unhealthy) to fit (healthy) (Figure 1), and

optionally write a description for the picture. In addition to
self-evaluation, users were prompted to rate another user’s food
pictures every time they opened the app. They could rate as
many successive pictures as they wanted (Figure 1a). Each of
the user’s own food pictures received an average healthiness
rating that was calculated from ratings given by other users
(Figure 1b) and displayed as a number between 0 (“fat”) and
100 (“fit”). Other social support features of the app included
the option to follow other users and provide feedback for their
pictures in the form of comments and “likes”. The app provided
automated feedback on the user’s past eating behavior by
showing the past week’s day-to-day healthiness ratings and
overall rating (Figure 1c), allowing the user to note the worst
times as potential improvement points. Feedback was also given
on week-to-week progress in healthiness ratings and on social
comparison to other users (Figure 1c). Moreover, the app
provided information on past behavior by displaying the most
frequent eating locations (Figure 1d) and highlighting the best
and worst meals of the week. The only background information
asked from the users was their dietary preference on the first
launch of the app.
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Figure 1. Screenshots of The Eatery app: a) rating other people’s food with fat-fit scale, b) feedback received for photographed food, c) weekly summary,
and d) summary of user’s time-of-day healthiness ratings and places eaten at most.

Study Sample
Altogether 189,770 users downloaded and used the app, The
Eatery, at least once between October 15, 2011, and April 3,
2012. During this time, they generated 429,288 pictures and
7,946,447 ratings. In May 2012, Massive Health, the developer
of the app, decided to make the anonymized dataset available
for research purposes upon contact. The authors obtained the
dataset from Massive Health in June 2012.

Data of users, pictures, and ratings included timestamps that
represented the local time of the user’s mobile phone. The
timestamps that were stored when the user first used the app

included time zone information for 98.51% (186,933/189,770)
of the users: 68.41% (127,884/186,933) of them were from the
main US time zones (UTC-8 to UTC-5) and 12.48%
(23,335/186,933) were from the main European or African time
zones (UTC+0 to UTC+3).

Definition of Variables
Table 1 lists the variables used in the analyses of factors related
to usage of the app. As the focus of this study is on dietary
self-monitoring, the usage period was defined as the time that
elapsed between the first and the last picture taken by the user,
even though the users who stopped taking their own food
pictures could still continue to rate other users’ pictures.
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Table 1. Variables related to the usage of the mobile app “The Eatery”.

DescriptionVariableCategory

Usage activity

Total number of pictures taken by the userNumber of pictures

Time elapsed between the first picture and the last picture (ie, the duration of
self-monitoring)

Usage period

Average number of pictures the user took per day during the usage periodPictures per day

Total number of ratings the user gave for other users’ picturesRatings given for peers

Context of use

Day of week (Sun-Sat) and time of day when the user first used the appRegistration time

The response the user gave to “How do you eat?” question during the first launch
of the app. The preference categories are listed in Table 2.

Dietary preference

Self-evaluation

Healthiness rating the user gave for an own picture (0 to 1)aOwn healthiness rating

Number of characters written in the picture descriptionPicture description length

Peer feedback

Mean peer rating given for the picture (0 to 1)aAverage healthiness rating

Total number of peer ratings given for a pictureNumber of ratings

Total number of comments from peers for a pictureNumber of comments

Total number of peers who “liked” a pictureNumber of likes

Difference between the user’s own healthiness rating and average healthiness
rating for a picture

Difference to peer ratings

aHealthiness ratings were stored as a decimal number from 0 (“fat”) to 1 (“fit”), whereas the user saw the ratings as numbers from 0 to 100, as in Figure
1b. The rating that was displayed to the user was a non-linear mapping from peer ratings and user’s own rating.

Exclusion Criteria in Analyses
Pictures that did not contain an actual image (3.13%,
13,433/429,288 were such “empty pictures”) were removed
from the data, resulting in a sample of 415,855 pictures for
analysis. The overall quality and content of the pictures was
screened by the researchers by examining a random sample of
pictures. The examination revealed that, for some users, the first
picture served as a test picture (for example, they took a picture
of a chair to test out the application). Further examination
showed that pictures obtaining a low number of peer ratings
were typically something other than food, and therefore should
be removed from further analysis. By manual inspection, the
threshold of a valid picture was adjusted to 10 ratings: if the
first picture taken by a user had received less than 10 ratings,
the picture information was excluded and the second picture
was used instead. If the user had taken only one picture or the
second picture had received less than 10 ratings, the user was
excluded from the analyses concerning the peer feedback for
the first picture. The total number of pictures for each user was
adjusted after the picture validity check of the first two pictures.
This decreased the total number of pictures by a user by two
pictures at most. Latter pictures were not examined. In total,
398,228 pictures (92.76% of all pictures and 95.76% of
non-empty pictures) were classified as valid pictures.

Some users had not rated their own first picture—these users
were excluded when analyzing the difference between their own
and average peer healthiness ratings.

Adherence Levels
Individual users in the dataset were divided into groups based
on their adherence, for the analysis of different indicators of
adherence (initiation context of self-monitoring and peer
feedback). The level of adherence was defined based on the
total number of pictures taken and the length of the usage period
of the app.

Two types of adherence classifications were formed for different
analyses. In the first case, two user groups were formed: (1)
users who had taken no valid pictures or only one valid picture
(“Dropouts”, 86.39%, 163,949/189,770), and (2) users who had
taken more than one valid picture (“Users”, 13.61%,
25,821/189,770). For users who had taken at least one valid
picture, three activity levels were defined: (1) “Actives” who
had taken at least 10 pictures and had used the app at least one
week (2.58%, 4895/189,770), (2) “Semi-actives” who had taken
at least two pictures, but less than 10 pictures or whose usage
period was less than one week (11.03%, 20,926/189,770), and
(3) “Non-actives” who had taken only one valid picture (17.36%,
32,948/189,770).

The proportion of users who had downloaded the app less than
one week before the sampling period ended (on March 28, 2012
or later) was 2.01% (3812/189,770). Hence, they could not be
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classified as Actives. They were still included in the analyses
due to their small number.

Initiation of Self-Monitoring
The association between users’ registration time and adherence
level was analyzed to determine whether the temporal context
of initial use could have an influence on subsequent usage
activity. Registration time was categorized into seven weekdays
and each day was divided into five time intervals: time between
0-5 (night), 5-10 (morning), 10-15 (daytime), 15-19 (late
afternoon), and 19-24 (evening). These time intervals were
chosen to correspond to the natural periods of the day and based
on the assumption that most users were from Anglo-American
culture, since the app was in English and roughly 68%
(127,884/186,933) of the users registered from the main US
time zones. The number of Dropouts and Users who had started
using the app on each weekday and time of day intervals were

calculated. The chi-square (χ2) test was used to compare whether
the proportions of Dropouts and Users in weekday and time of
day intervals (35 options) were equal to each other. Bonferroni
correction was used to adjust for multiple comparisons and the
adjusted significance level was set at P=.0014. Further
comparisons were exploratory and were made based on initial
results. Registration time was not available for 1.49% of the
users (2837/189,770).

Dietary preferences were divided into four categories based on
the users’ response to “How do you eat?” question on the first
use of the app. Table 2 lists the answer options to the question

and the numbers of users in each category: (1) “Not defined”
included users who had not given any preference (42.22%,
80,118/189,770), (2) “Everything” included users who chose
the option “I eat everything” (46.33%, 87,912/189,770), (3)
“Strict” included users who had at least one of the following
options chosen: “Low carb, no carb, or paleo”, “Low fat”, or
“Vegan/vegetarian”, (8.97%, 17,025/189,770), and (4) “Other”
included users who had chosen or written an option that was
not included in the first three classes (2.48%, 4715/189,770).
For example, the variations of “I eat everything!” response such
as “I eat everything except…” were categorized as “Other”.

The associations between dietary preferences and adherence
were analyzed by calculating the proportion of (1) Actives out
of Users + Non-actives (ie, out of all users who took at least
one valid picture), and (2) Users out of Users + Non-actives for
each dietary preference category. The chi-square test was used
to examine whether the proportions were equal between different
dietary preference categories. Tukey’s HSD (honestly significant
difference) multiple comparison test among proportions was
used to analyze which dietary preference categories differed
from each other after obtaining significance value P<.05.

Finally, the existence and length of the textual description given
for the first picture taken by the user were compared between
Active, Semi-active, and Non-active user groups. One-way
ANOVA (analysis of variance) was used for description length
and the chi-square test for the existence of the description. This
analysis was done to assess the engagement level of the user
during the initiation of self-monitoring.

Table 2. Numbers of users according to their dietary preferences based on “How do you eat?” question.a

Number of users, n (%)

n=189,770

Category“How do you eat?”

80,118 (42.22%)Not definedNot defined

87,912 (46.33%)Everything“I eat everything!”

7778 (4.10%)Strict“Low fat”

7146 (3.77%)Strict“Low carbs, no carbs, or paleo”

6223 (3.28%)Strict“Vegan or vegetarian”

2388 (1.26%)Other“Complex carb diet”

2427 (1.28%)Other“Other”

229 (0.12%)Other“Gluten free” or “gluten free”

1714 (0.90%)OtherNone of the above

17,025 (8.97%)StrictTotal

4715 (2.48%)OtherTotal

aNote that some users provided multiple responses to the question.

Peer Feedback
The amount and quality of peer feedback given for the first
picture (average healthiness score, number of likes, number of
comments, and difference to peer ratings) were compared
between Active, Semi-active, and Non-active user groups to
determine whether higher level of feedback on the initiation of
self-monitoring was connected with adherence. Only those who
had at least one valid picture among the first two pictures they

had taken were included because the focus was on the initial
feedback. For continuous variables, one-way ANOVA was used
and for binary variables, the chi-square test was used to compare
whether the proportions were equal between user groups. The
numbers of ratings given by the users in each dietary preference
category were also calculated to determine whether the stated
dietary preference would have a connection to the user’s activity
in providing peer feedback to others.
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Changes in Healthiness Ratings
Changes in healthiness ratings were analyzed only among Active
users who had at least one valid picture among the first two
pictures they had taken (99.35% of Actives, 4863/4895). Other
user groups used the app for such a short time that no trend
could reliably be identified. First, a correlation coefficient
between the average healthiness rating of the first picture and
all subsequent pictures was determined. A change (linear
regression coefficient) in healthiness ratings as a function of
picture index and corresponding P value was calculated for each
Active user. The dependent variable was the healthiness rating
of a picture and the independent variable was the picture index
1,2,…,N where N was the number of pictures taken by the user.
Note that the ordered list of pictures was used instead of real
time axis. If a significant (P<.05) positive linear coefficient was
found, the user was categorized into “Improvers” (improvement
in diet), and negative into “Decliners” (deterioration in diet).
Student’s t test was used to compare whether usage activity
(number of pictures, usage period, and pictures per day) differed
between Improvers and other Actives.

Changes in eating behavior among users with different dietary
preferences were also examined. One-way ANOVA was used

to compare the average healthiness rating for the first picture
and the healthiness rating for all pictures between different
dietary preference categories. The number of Improvers or
Decliners in each dietary category was determined. The
chi-square test was used to examine whether there were an equal
proportion of Improvers and Decliners in each dietary preference
category.

Results

Overall Adherence and Healthiness Ratings
Table 3 shows the numbers of users divided into different
adherence levels based on their usage activity. The average
number of pictures and usage period in days is also shown for
Semi-actives and Actives. Only 2.58% (4895/189,770) of the
users became Active users, whereas more than two-thirds of
the users did not take any valid pictures. On average, Actives
took 1.6 pictures per day and 14.99% (734/4895) of them took
more than three pictures per day.

Table 4 summarizes the statistics of valid pictures (92.76% of
all pictures, 398,228/429,288) in the dataset from The Eatery.
Their average healthiness rating, 0.58, was slightly above the
midpoint of the fat-fit scale from 0 to 1.

Table 3. Adherence data for users who downloaded the free dietary self-monitoring app between October 15, 2011 and April 3, 2012 (n=189,770).

Usage period in days,

mean (SD)

Pictures per user,

mean (SD)

Count,

n (%)

DescriptionActivity levelUser group

--131,001 (69.03%)No pictures or no valid picturesNon-usersDropouts

--32,948 (17.36%)Only 1 valid pictureNon-activesDropouts

9.3 (19.2)4.1 (3.7)20,926 (11.03%)At least two valid pictures and less than 10
pictures or usage period shorter than 7 days

Semi-activesUsers

46.6 (37.7)58.9 (99.5)4895 (2.58%)At least 10 pictures and usage period longer
than 7 days

ActivesUsers

Table 4. Statistics for the 398,228 valid pictures taken by 58,769 users of the dietary self-monitoring app “The Eatery”.

Value,

mean (SD; range) or n (%)

DescriptionVariable

Self-evaluations

293,692 (73.75%)Number of pictures with textual description

26.1 (18.1; 1-248)Average length of textual description (if existed) as number of characters

Peer feedback

0.581 (0.195; 0.0261-0.986)Average healthiness rating

61,299 (15.39%)Number of pictures having at least one like

1.3 (0.9; 1-21)Average number of likes (if existed)

15,247 (3.83%)Number of pictures having at least one comment

1.7 (1.4; 1-28)Average number of comments (if existed)

Initiation of Self-Monitoring
The associations between users’ registration time and adherence
level are presented in Figure 2, which compares the proportions
of Users and Dropouts who started using the app on each day
of week and time of day interval. A higher proportion of Users

started using the app during the daytime on weekdays than
Dropouts (20.28%, 5237/25,820 vs 15.34%, 24,718/161,113;

χ2
1=356.3, P<.001). Moreover, a higher proportion of Users

started using the app especially during Tuesdays than Dropouts
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(17.66%, 4561/25,820 vs 14.88%, 23,974/161,113; χ2
1=133.4,

P<.001).

Most common dietary preferences (see Table 2) reported by
users during the first use of the app were “I eat everything”
(46.33%) or undefined (42.22%). In total, 8.97% of the users
were considered to have Strict diets. Table 5 presents the
differences in adherence levels between dietary preference
groups among users who took at least one valid picture. Users
with Strict diets were the most likely (14.31%, 900/6291) and
users who had not defined any diet were the least likely (3.99%,
742/18,590) to use the app actively. A similar trend was
observed when Semi-active users were included in the

comparisons: half (50.45%, 3174/6291) of the users with Strict
diets were Semi-active or Active, a significantly higher
proportion than among users who had not defined their diets.

Engagement of the user during the initiation of self-monitoring
was also assessed by examining the textual description given
for the first picture. A textual description for the first picture
was given by 26.09% (15,179/58,170) of users who had at least
one valid picture among the first two pictures they had taken.
Table 6 presents the comparisons between different adherence
groups. Active users had written a description for the first picture
more often than Semi-actives or Non-actives, and the average
description was also longer in the number of characters.

Table 5. Proportions of Semi-active and Active users in each dietary preference category out of all users who took at least one valid picture.

Differences in post
hoc comparisons

Test statistics4. Other,

n (%)

n=1798

3. Strict,

n (%)

n=6291

2. Everything,

n (%)

n=32,090

1. Not defined,

n (%)

n=18,590

Users

All groupsχ2
3=826.6,

P<.001

213 (11.9%)900 (14.31%)3040 (9.47%)742 (4.0%)Actives / Users+Non-
actives

All but not 3 and 4χ2
3=371.8,

P<.001

899 (50.0%)3174 (50.45%)14,560 (45.37%)7188 (38.67%)Users / Users+Non-
actives

Table 6. Comparison of user engagement in the first self-monitoring entry between different adherence groups as measured by the presence and length
of textual description for the picture.

Differences in post hoc
comparisons

Test statistics3. Actives
(n=4863)

2. Semi-actives
(n=20,659)

1. Non-actives
(n=32,648)

First picture characteristics

All groupsχ2
2=3515.1, P<.0012572 (52.89%)6824 (33.03%)5783 (17.71%)Presence of textual description, n (%)

All groupsF2,15176=150.1,

P<.001

26.8 (19.1)23.4 (17.5)20.1 (15.8)Number of characters in description
(if existed), mean (SD)
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Figure 2. Correlations between users’ adherence level and their local registration time. Black=higher proportion of Users (P<.0014); White=higher
proportion of Dropouts; Grey=no difference. Numbers separated by slashes next to weekday and time of day labels are percentages of Users/Drop-outs
for corresponding rows and columns.

Peer Feedback
Feedback received by the users’ first pictures was examined to
determine whether higher level of feedback on the initiation of
self-monitoring was connected with adherence. The first picture
had at least one like among 7.68% (4470/58,170) of the users
and at least one comment among 3.85% (2240/58,170) of them.
Table 7 presents the comparisons of variables related to peer
feedback between different adherence groups. Small but
significant differences were found between Active and less
active users for all variables: the average healthiness rating was

higher and the proportion of pictures having comments and
likes was higher. Still, comments and likes were relatively rare
even among Active users.

Peer feedback was also examined from the perspective of users
who gave the ratings to others. Analysis of dietary preferences
and rating activity found that users in the “Not defined” diet
group gave 21.81% (1,732,976/7,946,447) of all ratings, users
in the “Everything” group gave 52.83% (4,198,272/7,946,447),
users with Strict diets gave 20.70% (1,645,134/7,946,447), and
users with some Other diet gave 4.66% (370,065/7,946,447) of
all ratings.
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Table 7. Amount and quality of peer feedback for the initial self-monitoring record in the app between different adherence groups.

Differences in post
hoc comparisons

Test statistics3. Actives
(n=4863)

2. Semi-actives
(n=20,659)

1. Non-actives
(n=32,648)

First picture characteristics

All groupsF2,58167=225.9,

P<.001

0.55 (0.19)0.52 (0.20)0.49 (0.21)Average healthiness rating,

mean (SD)

1 and 3,

2 and 3

F2,57738=5.1,

P=.006

0.05 (0.18)0.04 (0.21)0.04 (0.22)Difference to peer ratings,
mean (SD)

All groupsχ2
2=343.6, P<.001647 (13.30%)1792 (8.67%)2031 (6.22%)Having at least one like, n (%)

1 and 3,

2 and 3

F2,4467=13.6, P<.0011.2 (0.4)1.1 (0.4)1.1 (0.3)Number of likes (if at least
one),

mean (SD)

All groupsχ2
2=909.6, P<.001489 (10.06%)1088 (5.27%)663 (2.03%)

Having at least one comment,

n (%)

1 and 3,

2 and 3

F2,2237=15.1,

P<.001

1.4 (1.1)1.3 (0.9)1.2 (0.6)Number of comments (if at
least one),

mean (SD)

Changes in Healthiness Ratings
Among the 4863 Active users who had at least one valid picture
as their first or second picture, 481 (9.89%) had a significant
positive trend in healthiness scores. These “Improvers” differed
from other Actives by having a higher total number of pictures
(mean 126.68, SD 183.73 vs mean 51.41, SD 82.16; t4861=16.19;
P<.001), a longer usage period in days (mean 68.17, SD 42.95

vs mean 44.16, SD 36.34; t4861=13.54; P<.001), and a higher
number of pictures per day (mean 1.80, SD 1.70 vs mean 1.55,
SD 1.58; t4861=3.25; P=.001). In other words, they used the app
for a longer time and did dietary self-monitoring more
frequently.

Users with Strict diets had higher healthiness scores than users
in other dietary preference categories and they also had the
highest proportion of Improvers (Table 8).

Table 8. Average healthiness rating and number of users (Actives) that had a significant linear coefficient in their healthiness rating in each dietary
preference category.

Differences in post
hoc comparisons

Test statistics4. Other (n=212)3. Strict
(n=896)

2. Everything
(n=3023)

1. Not defined
(n=732)

Scores/users

1 and 3,

2 and 3,

3 and 4

F3,4859=29.3, P<.0010.56 (0.18)0.60 (0.18)0.53 (0.19)0.54 (0.19)Average healthiness
rating (first picture),
mean (SD)

All groupsF3,4859=149.8, P<.0010.60 (0.10)0.63 (0.08)0.57 (0.09)0.56 (0.08)Average healthiness
rating (all pictures),
mean (SD)

1 and 3,

2 and 3
χ2

3=22.5, P<.00120 (9.43%)125
(13.95%)

281 (9.30%)55 (7.51%)Number of Improvers,

n (%)

Noneχ2
3=5.4, P=.156 (2.83%)32 (3.57%)72 (2.38%)14 (1.91%)Number of Decliners,

n (%)

Discussion

Overall Adherence and Changes in Healthiness Ratings
Almost 190,000 people downloaded the app, The Eatery,
between October 2011 and April 2012, but attrition was very
high: less than 3% were active users, that is, used the app for
more than a week and took 10 or more food pictures. Most of
the users did not take any pictures (69%) or took only one
picture (17%), which means that they only downloaded the app
and experimented with it once without starting dietary
self-monitoring. This is similar to most free apps, which are
easy to join and try out even if there is no serious intention or

commitment to start using the app [13,25]. Given the short usage
period for majority of the users, many probably tried out the
application for fun.

The Eatery was not marketed as a weight loss app but instead
as a method to eat healthier (“Stop counting calories, start eating
better”), and hence may have attracted a large number of users
with no real interest in dietary improvements and thus lacking
motivation for dietary self-monitoring. However, the few active
users used the application on average 1.5 months. Dietary
self-monitoring for this amount of time would be enough to
lead to increased awareness of eating habits and changes in
behavior, if done diligently. The average healthiness rating of
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all pictures was 0.58, slightly above the midpoint on the scale
of 0 (“fat”) to 1 (“fit”). Hence, users did not photograph only
healthy foods and there was room for improvement. A positive
trend in healthiness ratings was still observed among only 10%
of active users (0.3% of all users). Even if we assume that this
trend reflects changes in their real-life eating behavior, the
impact of the app on eating choices (or choosing which foods
to record) appears to have been very small. Active users took
less than two pictures per day on average, which means that a
large portion of their eating was left unrecorded. Thus, the
positive trend among some users could also mean that they
started “gaming the system” by selectively photographing their
foods to get better ratings and comments.

Initiation of Self-Monitoring
Users who used the app for the first time on weekdays
(especially on Tuesdays or Wednesdays) and during morning
or daytime became semi-active or active users more often than
those who started using the app during evenings or weekends.
People’s varying eating patterns that depend on their schedules
during workdays and outside work [34] can help explain this
finding. Prior studies have found that diet quality is generally
poorer during weekends than on weekdays and calorie intake
is higher, especially in the form of fat and alcohol [31,32,35],
so people do not necessarily want to start tracking their eating
at these times. Moreover, people are generally less
work-oriented in the evening and during weekends and may try
out different apps just for fun. In contrast, someone who
downloads a healthy eating app in the middle of the week during
daytime probably has the intention to start keeping track of their
eating. This time period could also be a fruitful time to suggest
initiation of lifestyle changes, although everyone does not have
the same work schedules.

The dietary preferences reported on the initial use were also
connected to adherence level. Users who reported a “strict” diet
(low fat, low/no carbs, or vegan/vegetarian) were most likely
to become active users. They also gave 21% of all ratings,
although only 9% of all users belonged to the strict group.
Hence, it is possible that users with strict diets were already
most interested in healthy eating. This is also supported by their
healthiness ratings: active users with strict diets had higher
average healthiness ratings for their first picture and also higher
average healthiness ratings for all pictures than users in other
dietary preference groups.

The motivation of sustained users might already be seen on the
initiation of self-monitoring by looking at how much time and
cognitive capacity they devote to it. This is supported by the
finding that more than half of the active users (53%) gave a
textual description for their first picture whereas less than
one-fifth of the non-active users (18%) did so. In addition to
pre-existing intention to start dietary self-monitoring, the initial
user experience of the app most likely influenced the users’
intention to continue using it. Positive feedback received from
peers for the first picture taken by the user was associated with
higher adherence; active users had higher average healthiness
ratings for the first picture than less active users. This begs the
question—did they happen to take a picture of a healthy food
and were encouraged by the good feedback to continue using

the application or were they already healthy eaters, thus naturally
photographing a healthy food? Because a higher proportion of
active users also used the app for the first time during weekdays
and daytime, the food that they chose to photograph first was
probably their workday lunch, which is often healthier than
foods that are eaten during weekends [35]. Hence, the timing
of the initial use of the dietary self-monitoring app may be
important both in terms of the users’ pre-existing motivation
and the type of reinforcing feedback generated by the app.

Peer Feedback
Although active users obtained more comments and likes for
their pictures from peers than those who took only few pictures,
the total percentage of pictures with comments (4%) and likes
(15%) was quite low. Thus, most users had no connection to
other users other than receiving and giving anonymous ratings.
The social network formed in such a way is very loose: users
neither know whose pictures they rate nor have any knowledge
of who rates their pictures. The app itself did not offer explicit
advice on what to do to improve eating habits or what constitutes
a healthy diet. It may be that if users are merely told that their
meal is unhealthy but not given any advice on what to do to
make it better, they do not get enough value out of the
experience and subsequently lack motivation to continue using
the app [36]. People may also have very different ideas about
what healthy or “fit” food is, but these differences do not seem
to have influenced adherence in this study. Although the
difference between the user’s own rating and average peer
ratings was highest among active users, in practice this
difference was very small.

An app like this relies on its users to provide one of its core
functions, that is, peer feedback. It would be interesting to study
what motivates people to participate in this crowdsourcing
activity of giving ratings to others. One explanation is the
reciprocity of the action: when a user rates someone else’s
pictures, they also get ratings for their own. However, engaging
in this activity for a long time might require an existing
community or formation of stronger ties between users [27].

Limitations and Challenges
The most significant limitation of the study is the lack of
information about user demographics, behavioral outcomes,
and initial motives. For example, the association between
outcomes and adherence to dietary self-monitoring has been
found to differ between race and gender groups in weight loss
interventions [12], and it would have been interesting to see if
similar patterns had emerged in this context. In this study, the
application only provided data about the users’ dietary
preferences. The general statistics about smartphone users in
early 2012 suggest that iPhone users were slightly older than
Android users and downloaded more apps in a month than users
of other smartphone systems [37]. Users of The Eatery owned
an iPhone so it is possible that their characteristics followed the
same pattern. Collecting comprehensive data about users’
background may be challenging in free apps, which aim for
fluent user experience, but creative ways to gather data such as
asking one question per usage occasion could be devised in
further studies.
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The reliability of healthiness ratings is questionable because
they were entirely crowdsourced. The idea of crowdsourcing is
to take an average of many individuals’ estimates resulting in
an estimate that can be surprisingly close to the truth, although
individuals’ separate values may lie far from it. Crowdsourced
ratings can be biased, resulting from cultural differences [26]
or rater’s own food preferences. When pictures are rated as in
this study, the quality of the picture is also likely to make a
difference. Portion size estimation is difficult even when
measurement aids are present in the picture [18,19,38].
Moreover, users did not photograph everything they ate so there
is no way of knowing how healthily people ate in general and
whether the observed positive trend in healthiness ratings among
10% of active users meant anything in practice.

Dietary decisions are often unconscious and affected by
environmental factors more than people believe [39]. In this
study, the location information of where the pictures were taken
was available, but was not exploited, although dietary behaviors
are likely to be linked with locations. In a recent study [40],
volunteers used Twitter to report their food and were encouraged
to add a photo and contextual information, such as company,
mood, and reasons for eating. The data was used visualize the
relationships between dietary and behavioral factors.

Some updates were released to the app during the six-month
timeframe of data collection. These updates consisted of minor
modification and fixes in the user interface of the app. They
may have had a minor influence on the user experience of the
app, but they were not included in the analyses since the main
features and functions remained the same.

Finally, the app utilized self-regulation techniques of
self-monitoring and feedback, but lacked other techniques

derived from control theory [4,5]. The app did not prompt users
to set specific goals or review behavioral goals and only
implicitly prompted intention formation (“eat healthy”).
Implementing these techniques could have given users a more
specific purpose for using the app. Practical advice for healthy
eating could also have been given by formation of
implementation intentions through if-then planning, which has
been shown to increase effectiveness of healthy eating
interventions [10].

Conclusions
As with most mobile apps, the majority of users tried the dietary
self-monitoring app only once. Adherence was higher among
users who had diets that were likely to restrict at least some
unhealthy foods, and these kinds of users were also more active
in rating other users’ foods. This could mean that this kind of
an application attracts users with special diets and/or those
interested in food. Moreover, initiation of self-monitoring in
the middle of the week during daytime and the amount of
feedback from peers were connected to higher adherence.

Even though the findings show that the app reached a large
number of people, its actual impact among users remained small
because most did not even start dietary self-monitoring with
the app. If people would use the app as intended for dietary
self-monitoring on a regular basis, they could experience some
benefits through heightened awareness of their eating habits.
Still, the app did not implement all self-regulation techniques
that could have strengthened its impact and it lacked means to
track changes in eating behavior systematically. Reaching those
users who could benefit the most from dietary self-monitoring
and maintaining their adherence remains a challenge.
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Abstract

Background: Health risk assessments are becoming more popular as a tool to conveniently and effectively reach
community-dwelling adults who may be at risk for serious chronic conditions such as coronary heart disease (CHD). The use of
such instruments to improve adults’ risk factor awareness and concordance with clinically measured risk factor values could be
an opportunity to advance public health knowledge and build effective interventions.

Objective: The objective of this study was to determine if an Internet-based health risk assessment can highlight important
aspects of agreement between respondents’ self-reported and clinically measured CHD risk factors for community-dwelling adults
who may be at risk for CHD.

Methods: Data from an Internet-based cardiovascular health risk assessment (Heart Aware) administered to community-dwelling
adults at 127 clinical sites were analyzed. Respondents were recruited through individual hospital marketing campaigns, such as
media advertising and print media, found throughout inpatient and outpatient facilities. CHD risk factors from the Framingham
Heart Study were examined. Weighted kappa statistics were calculated to measure interrater agreement between respondents’
self-reported and clinically measured CHD risk factors. Weighted kappa statistics were then calculated for each sample by strata
of overall 10-year CHD risk. Three samples were drawn based on strategies for treating missing data: a listwise deleted sample,
a pairwise deleted sample, and a multiple imputation (MI) sample.

Results: The MI sample (n=16,879) was most appropriate for addressing missing data. No CHD risk factor had better than
marginal interrater agreement (κ>.60). High-density lipoprotein cholesterol (HDL-C) exhibited suboptimal interrater agreement
that deteriorated (eg, κ<.30) as overall CHD risk increased. Conversely, low-density lipoprotein cholesterol (LDL-C) interrater
agreement improved (eg, up to κ=.25) as overall CHD risk increased. Overall CHD risk of the sample was lower than comparative
population-based CHD risk (ie, no more than 15% risk of CHD for the sample vs up to a 30% chance of CHD for the population).

Conclusions: Interventions are needed to improve knowledge of CHD risk factors. Specific interventions should address
perceptions of HDL-C and LCL-C. Internet-based health risk assessments such as Heart Aware may contribute to public health
surveillance, but they must address selection bias of Internet-based recruitment methods.
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Introduction

The Framingham Heart Study defines cardiovascular disease
(CVD) as a combination of coronary heart disease (CHD),
various types of stroke, peripheral artery disease, and heart
failure [1]. CVD is a leading cause of death in both males and
females living in the United States [2]. In 2006, CVD was
responsible for the death of 1 in 4 Americans [3]. CVD is one
of the costliest medical conditions to treat with total economic
costs estimated at more than US $300 billion annually [3], a
cost that is also predicted to rise substantially over the next 2
decades as a result of technological improvements in care
coupled with minimal reduction in the prevalence of CVD [4].

Lifestyle risk factors, including tobacco and alcohol use, poor
diet, lack of exercise, and obesity [5], as well as a genetic
predisposition to problems such as familial hypercholesterolemia
[6] contribute to the high prevalence of CVD. To facilitate
prevention of CVD, it is important to measure CVD risk factors
on a regular basis. In an effort to reduce CVD mortality, the
National Heart Lung and Blood Institute (NHLBI) launched
The Heart Truth campaign to raise awareness of CVD risk
factors [7]. A year later, the American Heart Association (AHA)
adopted the Red Dress symbol and launched its own campaign,
Go Red for Women to emphasize the importance of knowing
and reducing CVD risk factor values among at-risk females in
accordance with clinical guidelines [8].

Patient engagement in appropriate screening and risk factor
modification by health care providers is critical in preventing
CVD. For example, it has been shown that a key element of
dyslipidemia, a low value of high-density lipoprotein cholesterol
(HDL-C), is largely an unknown CVD risk factor among the
general public [9]. Similar awareness of elements of
dyslipidemia has also been shown to vary across different
populations [10]. As a result, it is important for patients being
screened to be provided with education on CVD risk factors
and CVD risk factor modification.

Self-report of risk factors often guides epidemiological studies
of disease prevalence [11]. As a result, it is vitally important to
establish the accuracy of self-reported values against clinically
measured values. Several recent studies have called the accuracy
of self-reported data into question, especially for CVD risk
factors [11-13]. Some studies have also produced discordant
results about the accuracy of self-reported risk factor data for
different socioeconomic groups and different geographic
locations [14,15]. There has been a general lack of public health
investigation of the agreement of self-reported and clinically
measured CVD risk factors.

This study has three aims. First, it examines the degree of
agreement between self-reported and clinically measured risk
factors for CHD (the most prevalent CVD condition representing
half of all cardiovascular diseases), including total cholesterol
(TC), HDL-C, low-density lipoprotein cholesterol (LDL-C),

systolic blood pressure (SBP), diastolic blood pressure (DBP),
body mass index (BMI), and diabetes mellitus (DM) status, to
understand which risk factors are most accurately reported by
community-dwelling adults [16]. Second, it analyzes agreement
of self-reported and clinically measured CHD risk factor values
according to the Framingham Heart Study’s 10-year CHD risk
model [17] to determine if those at higher risk of CHD have a
greater understanding of their CHD risk factors versus those at
lower risk of CHD (ie, the resulting kappa statistics of
self-reported and clinically measured agreement are stratified
by Framingham 10-year CHD risk). Finally, because
self-reported data often present missing data challenges, the
study examines whether the method of accounting for missing
data influences the results.

Methods

Heart Aware Cardiovascular Health Risk Assessment
Heart Aware is a cardiovascular health risk assessment tool
offered by Navigant Consulting, Inc (Navigant Consulting, Inc,
Chicago, IL, USA). The data used in this study came from Heart
Aware assessments conducted at 127 clinical sites across the
United States between January 1, 2006 and June 30, 2010.
Research approval for the data was granted by the Institutional
Review Board of Texas A&M University. The risk assessment
was administered through the Internet. The assessment began
by asking respondents, who voluntarily accessed the survey, a
series of self-identifying demographic questions about their
race, sex, and age. These respondents were recruited to the
survey through marketing activities of the hospitals sponsoring
the Heart Aware assessment, such as television media
advertising campaigns and print media placed throughout both
inpatient and outpatient facilities. Respondents were then asked
to report their height, weight, whether they used tobacco, level
of physical activity, DBP, SBP, TC, HDL-C, and LDL-C.
Respondents were then asked to report the last time their health
care provider measured their blood pressure, cholesterol, and
checked their diabetes status. Finally, respondents were asked
a series of questions about their family history, current
medications, and current health history, with specific emphasis
on CHD symptoms or diagnoses. As the respondents moved
through the assessment, 2 unique tools reported data back to
the respondents. First, as questions were answered by the
respondents, a visual scale indicating the risk for CHD
attributable to each risk factor was displayed. Scales for each
risk factor were indicated on a color spectrum from green (low
risk) to red (critical risk), and were updated as additional
information was provided by the respondent. Second, as the
respondents moved through different categories of questions,
the tool provided the respondents with education about CHD
and associated risk factors. This occurred in the form of text
boxes on response pages. Definitions of medical terms were
also provided to enhance the respondents’ knowledge of CHD
and related risk factors.
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The clinical sites that elected to offer the Heart Aware
assessment determined the level of risk that would prompt the
clinical site to extend an invitation to the respondent for a free
on-site clinical risk assessment in which their self-reported CHD
risk factor values would be measured by a clinician for
comparison and validation. Each site set its own criteria for
inviting participants to the free clinical assessment; Navigant
did not document this protocol, including the method of
extending the invitation to the participants. Anecdotal evidence
suggests respondents were more likely to be invited for a clinical
assessment if their self-reported values indicated 2 or more CHD
risk factors.

Coronary Heart Disease Risk Factors
The variables analyzed as CHD risk factors were collected from
the Heart Aware risk factor assessment. These included
self-reported and clinically measured values of TC, HDL-C,
LDL-C, SBP, DBP, BMI, as well as DM status and tobacco
use. These variables were reported in the clinically assessed
dataset as ordinal scales based on their frequencies and clinical
guideline ranges. This resulted in ordered categories (referred
to as “ranges” below) within each variable as follows: TC (<160
mg/dL, 160-199 mg/dL, 200-239 mg/dL, 240-279 mg/dL, >279
mg/dL), HDL-C (<35 mg/dL, 35-44 mg/dL, 45-49 mg/dL, 50-59
mg/dL, and >59 mg/dL), LDL-C (<100 mg/dL, 100-129 mg/dL,
130-159 mg/dL, 160-189 mg/dL, and >189 mg/dL), SBP (<120
mm Hg, 120-129 mm Hg, 130-139 mm Hg, 140-159 mm Hg,
160-199 mm Hg, and >199 mm Hg), and DBP (<80 mm Hg,
80-84 mm Hg, 85-89 mm Hg, 90-99 mm Hg, 100-114 mm Hg,
and >114 mm Hg). DM status and tobacco use were coded as
yes or no responses.

Sample Selection Criteria
Respondents who provided a self-reported health assessment
and were chosen for and participated in a free clinical
assessment of their CHD risk factors were eligible for inclusion
in the sample. Those with a prior history of CVD- and
CHD-related procedures, such as stroke, acute myocardial
infarction, abdominal aortic aneurysm, cardiac arrest, congestive
heart failure, angioplasty, catheterization and stent procedures,
heart bypass, and carotid procedures, were excluded from the
sample to maintain the integrity of the study objective which
was to evaluate how community-dwelling adults who had not
received a diagnosis of CHD viewed their risk relative to their
actual clinically measured risk for CHD.

Depending on the preferred strategy for addressing missing
data, 3 samples were available for analysis. To maximize our
understanding of the research questions in the study, all 3
samples were made available for analysis. First, analyses were
conducted on the original dataset. Given default settings in Stata
version 12 (Stata Corp LLP, College Station, TX, USA), this
resulted in a listwise deleted sample. Second, analyses were
conducted on the original dataset, but with a change in the
default settings. Instead of eliminating cases missing any of the
variables being analyzed (as was the case with the listwise
deleted sample), cases were only removed on a
variable-by-variable analysis basis. This resulted in a pairwise
deleted sample. Finally, analyses were conducted on the imputed

sample. Results of all analyses performed on all 3 samples were
then examined.

Self-Assessment Missing Data
Self-reported health status data are known to contain substantial
amounts of missing data [18]. Participants often choose not to
answer certain questions for a variety of reasons, such as lack
of knowledge, time constraints in answering the survey, or a
desire not to answer certain questions based on individual
preferences. Missing data introduces many analytical challenges,
especially relating to biased statistical estimators when making
inferences from data [19,20]. To address missing data issues, a
3-step process was used to evaluate the missing data. First, data
were analyzed for the degree of missing data, such as the number
of missing responses across individual variables and individual
cases. Second, the pattern of missing data was analyzed using
the “mvpatterns” user-written command [21] in Stata version
12. This command allowed the researcher to determine whether
the pattern of missing data was missing completely at random
(MCAR), missing at random (MAR), or missing not at random
(MNAR) [20]. Third, based on the result of the first 2 steps
noted previously, a methodology was devised to adjust the
dataset where appropriate to account for missing data where it
was deemed a concern. Several techniques were evaluated for
this purpose such as listwise deletion and multiple imputation.
Multiple imputation was selected as the preferred method for
addressing self-reported missing data because of the large
number of missing responses and MAR-identified pattern of
missing data discussed later in this paper. Multivariate normal
imputation with 5 imputations was used to impute missing
values of SBP, DBP, and TC because these variables were most
closely aligned with the Framingham 10-year CHD risk model.
TC was analyzed because it had more complete self-reported
data than HDL-C and LDL-C. These latter variables were key
considerations when analyzing missing values in the clinically
measured dataset discussed subsequently. Multivariate
imputation was chosen because of its ability to take advantage
of all variables in the analysis to impute the selected missing
variables [22]. Five imputations were selected to balance
statistical rigor with processing speed. Independent variables
used to impute were selected based on the completeness of data
and their theoretical association with the imputed variables. The
independent variables used for imputation were age, rural/urban
designation, sex, DM status, and BMI range.

The analysis of missing data for the self-reported data was vital
to the integrity of the study. Because the self-reported values
were used as the basis for choosing individuals for a free clinical
assessment, missing data could have profound implications for
how participants were selected, possibly resulting in selection
bias. Because the clinical sites set their own selection criteria
that were not chronicled by Navigant, it was even more
important to examine whether the missing self-reported data
influenced selection by the clinical sites. This test for selection
bias in the clinical assessment process was conducted using the
original dataset and the imputed dataset. Using both datasets
individually, the analysis was done by examining differences
in risk factor variable means between those individuals selected
for clinical assessment and those individuals not chosen for
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clinical assessment. For this purpose, t tests with statistical
significance determined at the alpha=.05 level were used.

Clinical Assessment Missing Data
Although the statistical challenges of missing data noted for the
self-reported data also applied to the clinically measured data,
there were additional complexities that necessitated a separate
analysis of the clinically measured dataset. First, when analyzing
clinically measured data, many of the variables used in the
Framingham 10-year CHD risk model were reported as ranges
by the clinical sites. These ranges corresponded to the ranges
used in the Framingham 10-year CHD risk model. Second, the
pattern of missing data in the clinically measured dataset was
different than the self-reported dataset. As such, methodologies
used to address missing data concerns in the clinically measured
dataset had to recognize both unique patterns of missing data
and the fact the data were now reflected in ranges unlike
individual values found in the self-reported dataset. Given the
MAR-identified pattern of missing data discussed later in this
paper, missing data in the clinically measured dataset was
imputed with an ordered logistic model versus the multivariate
normal model discussed previously. The ordered logistic
imputation was carried out with 5 imputations and was used to
impute missing values for ranges of SBP, DBP, TC, HDL-C,
and LDL-C because these variables were most closely aligned
with the Framingham 10-year CHD risk model. Note the
imputation of the clinically measured dataset imputed HDL-C
and LDL-C in addition to TC. This was because these variables
provided a more detailed view of dyslipidemia relative to TC.
It was possible to do these imputations in the clinically measured
dataset because there was not as much missing data relative to
the self-reported dataset. Independent variables used to impute
were selected based on the completeness of data and their
theoretical association with the imputed variables. The
independent variables used for imputation were age, rural/urban
designation, sex, DM status, and BMI range.

Descriptive Statistics and Kappa Coefficients of
Interrater Agreement
Descriptive statistics were conducted on each of the 3 samples.
The following variables were dichotomized by sex: age,
race/ethnicity, rural/urban designation, SBP, DBP, TC, HDL-C,
LDL-C, DM status, and tobacco use. Continuous variables were
measured with t statistics, and categorical variables were
measured with chi-square statistics. Descriptive analyses were

performed using Stata version 12. Test statistics were measured
for statistical significance at the alpha=.05 level of statistical
significance.

Weighted kappa coefficients of interrater agreement between
self-reported and clinically measured CHD risk factors were
calculated for males and females. A weighted kappa coefficient
was used instead of an unweighted kappa coefficient to account
for the degree of discordance between each self-reported and
clinically measured observation based on the fact the data were
categorized as ordinal ranges. The weighting procedure was
performed in Stata version 12 using the “wgt(w)” extension of
the “kapci” command. The weighted kappa procedure included
100 repetitions. Each coefficient was reported with its standard
error and bias-corrected 95% confidence interval. According
to established literature [23], the strength of interrater agreement
of the kappa coefficient is described as poor (κ<.00), slight
(κ=.00-.20), fair (κ=.21-.40), moderate (κ=.41-.60), substantial
(κ=.61-.80), and almost perfect (κ=.81-1.00).

Framingham Heart Study’s 10-Year CHD Risk Model
The 10-year CHD risk model from the Framingham Heart Study
[17] was used to calculate each respondent’s 10-year CHD risk
based on their clinically measured risk factor values. The
weighted kappa coefficients were then calculated for each
stratum of 10-year CHD risk scores to allow for an evaluation
of risk factor agreement by level of CHD risk.

Results

Self-Reported Data, Missing Data, and Participant
Selection
The Heart Aware cardiovascular health risk assessment was
taken by 373,085 individuals. The clinical sites provided a
clinical assessment to 22,346 (5.99%) of these individuals (note
the number of individuals offered an assessment but not taking
an assessment was not recorded). Among those responding to
the self-reported assessment, 238,081 (63.81%) of the
respondents did not answer at least 1 of the risk factor variable
questions. Based on the robust information presented in the
tables subsequently, extended analysis of the results is provided
in the discussion section in this paper. Table 1 reports the results
of the nonresponse rate for each risk factor variable in the
self-reported dataset and in the imputed self-reported dataset.

J Med Internet Res 2014 | vol. 16 | iss. 4 | e106 | p.65http://www.jmir.org/2014/4/e106/
(page number not for citation purposes)

Dickerson et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Missing data from the self-reported dataset (n=373,085) and the self-reported imputed dataset (n=373,085).

% MissingTotal, n (n=373,085)Missing, nComplete, nVariables by dataset

Self-reported dataset

0.01%373,08523373,062Sex

6.71%373,08525,020348,065Age

20.65%373,08577,038296,047Tobacco use

0.72%373,0852697370,388Diabetes status

28.78%373,085107,392265,693Systolic blood pressure

30.12%373,085112,371260,714Diastolic blood pressure

49.19%373,085183,531189,554Total cholesterol

63.81%373,085238,081135,004Complete casesa

Self-reported imputed dataset

0.01%373,08523373,062Sex

6.71%373,08525,020348,065Age

20.65%373,08577,038296,047Tobacco use

0.72%373,0852697370,388Diabetes status

7.26%373,08527,095345,990Systolic blood pressureb

7.27%373,08527,137345,948Diastolic blood pressureb

7.38%373,08527,516345,569Total cholesterolb

27.69%373,085103,313269,772Cases with all variablesb

aNot missing any variables.
bVariables were imputed.

Table 2 reports the results of the test of difference in means for
the risk factor variables of those selected for clinical assessment
from the self-reported dataset. It should be noted the table
compares the clinically measured dataset for each variable
unadjusted by imputation methods (ie, each self-reported
variable has its own sample size). The sample size and very
limited amount of missing data for each variable can be
examined in Table 3. Table 3 also reports the same type of

information as Table 2, but for those selected for clinical
assessment adjusted by imputation methods. It is clear from
both these tables that those with clinically measured risk factors
had significantly higher values (ie, poorer values) than the
overall self-reported population. This confirms the recruitment
strategy of the clinics to find those at high risk of CHD and
invite them for a free clinical screening of their risk factors.

Table 2. Self-reported and self-reported imputed versus clinically measured dataset: difference in means on critical risk factor values.

Pt (df)aDataset, mean (SD)Sample sizeVariables by dataset

Clinically measuredSelf-reported

Self-reported

<.001–72.3 (287,545)134.1 (13.2)127.9 (12.1)265,693Systolic blood pressure

<.001–58.2 (282,495)85.1 (7.0)82.3 (6.8)260,714Diastolic blood pressure

<.001–49.5 (210,644)205.6 (30.2)193.0 (35.6)189,554Total cholesterol

Self-reported imputed

<.001–54.3 (368,243)132.4 (13.1)127.8 (12.2)345,990Systolic blood pressure

<.001–31.8 (368,187)83.9 (7.0)82.4 (6.8)345,948Diastolic blood pressure

<.001–32.6 (367,622)200.9 (33.4)192.9 (35.5)345,569Total cholesterol

aPooled degrees of freedom.
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Missing Clinical Assessment Data
Clinically measured risk factor values were reported for 22,346
individuals. This dataset consisted of clinically measured data
that were expressed as ordinal (ie, ranges of clinical values) and
binary data (eg, DM status and tobacco use). Among these
individuals, 6423 (28.74%) of the respondents did not answer
at least 1 of the risk factor variable questions.

Table 3 reports the results of the nonresponse rate for each risk
factor variable in the clinically measured dataset, including the
self-reported nonresponse rate for the same respondents. Table
3 also reports the results of the nonresponse rate for each risk
factor variable in the imputed clinically measured dataset.

Table 3. Missing data for the clinically measured dataset (n=22,346) and the clinically measured imputed dataset (n=22,346).

Clinical measured imputed datasetClinically measured datasetVariables in dataset

% MissingMissing, nComplete, n% MissingMissing, nComplete, n

0.00%022,3640.00%022,364Sex

1.50%33522,0111.50%33522,011Age

1.50%33522,0111.50%33522,011Age (self-reported)

0.00%022,3460.00%022,346Tobacco use

0.00%022,3460.00%022,346Tobacco use (self-reported)

0.00%022,3460.00%022,346Diabetes status

0.00%022,3460.00%022,346Diabetes status (self-reported)

0.41%9122,2552.20%49221,854Systolic blood pressure ranges a

1.63%36521,98112.88%288119,465

Systolic blood pressure ranges (self-re-

ported)a

0.47%10522,2412.52%56321,783Diastolic blood pressure ranges a

1.77%39521,95113.76%307819,268

Diastolic blood pressure ranges (self-re-

ported)a

2.22%49621,85010.02%224120,105HDL-C ranges a

7.83%175120,59556.66%12,6719675HDL-C ranges (self-reported)a

3.42%76421,58225.72%575216,594LDL-C ranges a

8.34%186620,48064.91%14,5177829LDL-C ranges (self-reported)a

1.30%29122,0555.61%125421,092Total cholesterol ranges a

4.74%105921,28736.68%820214,144Total cholesterol ranges (self-reported)a

4.94%110521,24128.72%642315,923Cases with all variables a

9.31%208320,26367.84%15,1717175Cases with all variables (self-reported)a

aThese variables in imputed dataset were imputed.

Clinical Assessment Data, Descriptive Statistics:
Listwise Deletion, Pairwise Deletion, and Imputed
Samples
Table 4 reports the differences in means and proportions of the
CHD risk factor variables by sex within the listwise deleted
sample (n=5951).

Table 5 reports the differences in means and proportions of the
risk factor variables by sex within the pairwise deleted sample
(note the sample size varies by each risk factor variable as
indicated in the table).

Table 6 reports the differences in means and proportions of the
risk factor variables by sex within the imputed sample
(n=16,879).
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Table 4. Listwise deleted sample (n=5951): differences in means and proportions by sex.

P aχ2(df)t (df)

Total

(n=5951)

Female

(n=4013)

Male

(n=1938)Variables in dataset

.008–2.6 (5949)55.8 (10.6)56.3 (11.2)55.5 (10.3)Age, mean (SD)

<.00132.4 (5)Race/ethnicity, n (%)

5113 (85.92)3435 (85.60)1678 (86.58)Non-Hispanic white

449 (7.54)335 (8.35)114 (5.88)African-American

154 (2.59)112 (2.79)42 (2.17)Hispanic

135 (2.27)67 (1.67)68 (3.51)Asian/Pacific Islander

11 (0.18)8 (0.20)3 (0.15)American Indian/Alaskan Native

89 (1.50)56 (1.40)33 (1.70)Other

<.00133.3 (2)Tobacco use, n (%)

4127 (69.35)2879 (71.74)1248 (64.40)Never

1395 (23.44)870 (21.68)525 (27.09)Quit

429 (7.21)264 (6.58)165 (8.51)Yes

.127.3 (4)Diabetes, n (%)

5379 (90.39)3653 (91.03)1726 (89.06)No

45 (0.76)29 (0.72)16 (0.83)Type 1

500 (8.40)316 (7.87)184 (9.49)Type 2

18 (0.30)11 (0.27)7 (0.36)Borderline

9 (0.15)4 (0.10)5 (0.26)Unsure

<.00190.8 (5)Systolic blood pressure ranges (mm Hg), n (%)

1855 (31.17)1386 (34.54)469 (24.20)<120

1658 (27.86)1127 (28.08)531 (27.40)120-129

1150 (19.32)689 (17.17)461 (23.79)130-139

1060 (17.81)666 (16.60)394 (20.33)140-159

223 (3.75)144 (3.59)79 (4.08)160-199

5 (0.08)1 (0.02)4 (0.21)>199

<.001147.1 (5)Self-reported

1636 (27.49)1276 (31.80)360 (18.58)<120

2264 (38.04)1514 (37.73)750 (38.70)120-129

1296 (21.78)750 (18.69)546 (28.17)130-139

641 (10.77)406 (10.12)235 (12.13)140-159

111 (1.87)66 (1.64)45 (2.32)160-199

3 (0.05)1 (0.02)2 (0.10)>199

<.001107.7 (5)Diastolic blood pressure ranges (mm Hg), n (%)

3035 (51.00)2206 (54.97)829 (42.78)<80

1610 (27.05)1060 (26.41)550 (28.38)80-84

609 (10.23)356 (8.87)253 (13.05)85-89

577 (9.70)323 (8.05)254 (13.11)90-99

114 (1.92)67 (1.67)47 (2.43)100-114

6 (0.10)1 (0.02)5 (0.26)>114

<.00182.7 (5)Self-reported

2793 (46.93)2029 (50.56)764 (39.42)<80
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P aχ2(df)t (df)

Total

(n=5951)

Female

(n=4013)

Male

(n=1938)Variables in dataset

1908 (32.06)1251 (31.17)657 (33.90)80-84

751 (12.62)445 (11.09)306 (15.79)85-89

415 (6.97)240 (5.98)175 (9.03)90-99

75 (1.26)44 (1.10)31 (1.60)100-114

9 (0.15)4 (0.10)5 (0.26)>114

<.001767.1 (4)HDL-C ranges (mg/dL), n (%)

1789 (30.06)1553 (38.70)236 (12.18)<35

1412 (23.73)1034 (25.77)378 (19.50)35-44

867 (14.57)544 (13.56)323 (16.67)45-49

1170 (19.66)629 (15.67)541 (27.92)50-59

713 (11.98)253 (6.3)460 (23.74)>59

<.001429.4 (4)Self-reported

1934 (32.50)1603 (39.95)331 (17.08)<35

1626 (27.32)1112 (27.71)514 (26.52)35-44

1194 (20.06)693 (17.27)501 (25.85)45-49

829 (13.93)448 (11.16)381 (19.66)50-59

368 (6.18)157 (3.91)211 (10.89)>59

.443.8 (4)LDL-C ranges (mg/dL), n (%)

2006 (33.71)1361 (33.91)645 (33.28)<100

1980 (33.27)1349 (33.62)631 (32.56)100-129

1334 (22.42)895 (22.30)439 (22.65)130-159

472 (7.93)310 (7.72)162 (8.36)160-189

159 (2.67)98 (2.44)61 (3.15)>189

.0211.9 (4)Self-reported

1675 (28.15)1178 (29.35)497 (25.64)<100

1962 (32.97)1323 (32.97)639 (32.97)100-129

1557 (26.16)1013 (25.24)544 (30.03)130-159

546 (9.17)365 (9.10)181 (9.34)160-189

211 (3.55)134 (3.34)77 (3.97)>189

<.00181.8 (4)Total cholesterol ranges, (mg/dL), n (%)

1184 (19.90)695 (17.32)489 (25.23)<160

2226 (37.41)1464 (36.48)762 (39.32)160-199

1804 (30.31)1307 (32.57)497 (25.64)200-239

581 (9.76)438 (10.91)143 (7.38)240-279

156 (2.62)109 (2.72)47 (2.43)>279

<.00153.7 (4)Self-reported

1149 (19.31)729 (18.17)420 (21.67)<160

2114 (35.52)1351 (33.67)763 (39.37)160-199

1996 (33.04)1384 (34.49)582 (30.03)200-239

566 (9.51)436 (10.86)130 (6.71)240-279

156 (2.62)113 (2.82)43 (2.22)>279

aBonferroni correction was used to determine statistical significance based on 14 comparisons (alpha=.004).
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Table 5. Differences in means and proportions by sex in the pairwise deleted sample.

P aχ2(df)t (df)TotalFemaleMaleNVariables in dataset

.004–2.0 (18,426)54.0 (11.7)54.1. (11.5)53.7 (12.0)18,428Age, mean (SD)

<.00170.6 (5)18,65913,130552918,659Race/ethnicity, n (%)

15,341 (82.22)10,729 (81.71)4612 (83.41)Non-Hispanic white

1843 (9.88)1417 (10.79)426 (7.70)African-American

873 (4.68)610 (4.65)263 (4.76)Hispanic

325 (1.74)185 (1.41)140 (2.53)Asian/Pacific Islander

57 (0.31)44 (0.34)13 (0.24)American Indian/Alaskan Native

220 (1.18)145 (1.10)75 (1.36)Other

<.00153.7 (2)18,72413175554918,724Tobacco use, n (%)

12683 (67.74)9138 (69.36)3545 (63.89)Never

3999 (21.36)2679 (20.33)1320 (23.79)Quit

2042 (10.91)1358 (10.31)684 (12.33)Yes

.156.7 (4)18,72413,175554918,724Diabetes, n (%)

17,153 (91.61)12,104 (91.87)5049 (90.99)No

104 (0.56)72 (0.55)32 (0.58)Type 1

1309 (6.99)889 (6.75)420 (7.57)Type 2

64 (0.34)49 (0.37)15 (0.27)Borderline

94 (0.50)61 (0.46)33 (0.59)Unsure

<.001210.9 (5)18,27012,863540718,270Systolic blood pressure ranges (mm Hg), n (%)

5633 (30.83)4350 (33.82)1283 (23.73)<120

4882 (26.72)3416 (26.56)1466 (27.11)120-129

3491 (19.11)2270 (17.65)1221 (22.58)130-139

3409 (18.66)2268 (17.63)1141 (22.10)140-159

828 (4.53)544 (4.23)284 (5.25)160-199

27 (0.15)15 (0.12)12 (0.22)>199

<.001274.8 (5)16,17111,461471016,171Self-reported

4177 (25.83)3339 (29.13)838 (17.79)<120

5803 (35.89)4097 (35.75)1706 (36.22)120-129

3503 (21.66)2253 (19.66)1250 (26.54)130-139

2206 (13.64)1469 (12.82)737 (15.65)140-159

460 (2.84)291 (2.54)169 (3.59)160-199

22 (0.14)12 (0.10)10 (0.21)>199

<.001338.2 (5)18,20212,810539218,202Diastolic blood pressure ranges (mm Hg), n
(%)

8994 (49.41)6833 (53.34)2161 (40.08)<80

4786 (26.29)3275 (25.57)1511 (28.02)80-84

1885 (10.36)1184 (9.24)701 (13.0)85-89

2071 (11.38)1252 (9.77)819 (15.19)90-99

429 (2.36)251 (1.96)178 (3.30)100-114

37 (0.20)15 (0.12)22 (0.41)>114

<.001216.5 (5)16,01311,328468516,013Self-reported

6778 (42.33)5167 (45.61)1611 (34.39)<80
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P aχ2(df)t (df)TotalFemaleMaleNVariables in dataset

5157 (32.21)3581 (31.61)1576 (33.64)80-84

2301 (14.37)1467 (12.95)834 (17.80)85-89

1443 (9.01)907 (8.01)536 (11.44)90-99

284 (1.77)180 (1.59)104 (2.2)100-114

50 (0.31)26 (0.23)24 (0.51)>114

<.0012,200.0 (4)16,77911,731504816,779HDL-C ranges (mg/dL), n (%)

4701 (28.02)4162 (35.48)539 (10.68)<35

3776 (22.50)2947 (25.12)829 (16.42)35-44

2261 (13.48)1581 (13.48)680 (13.47)45-49

3704 (22.8)2129 (18.15)1575 (31.20)50-59

2337 (13.93)912 (7.7)1425 (28.23)>59

<.001617.5 (4)7691517325187691Self-reported

2421 (31.48)2022 (15.3)399 (15.85)<35

2036 (26.47)1409 (10.7)627 (24.90)35-44

1499 (19.49)873 (6.6)626 (24.86)45-49

1131 (14.71)622 (4.7)509 (20.21)50-59

604 (7.85)247 (4.77)357 (14.18)>59

<0.00116.8 (4)14,47610106437014,476LDL-C ranges (mg/dL), n (%)

4670 (32.26)3334 (32.99)1336 (30.57)<100

4931 (34.06)3455 (34.19)1476 (33.78)100-129

3233 (22.33)2227 (22.04)1006 (23.02)130-159

1197 (8.27)801 (7.93)396 (9.06)160-189

445 (3.07)289 (2.86)156 (3.57)>189

.0112.9 (4)6769457321966769Self-reported

1865 (27.55)1312 (28.69)553 (25.18)<100

2234 (33.00)1517 (33.17)717 (32.65)100-129

1751 (25.87)1141 (24.95)610 (27.78)130-159

636 (9.40)418 (9.14)218 (9.93)160-189

283 (4.18)185 (4.05)98 (4.46)>189

<.001137.9 (4)17,62712,362526517,627Total cholesterol ranges (mg/dL), n (%)

3029 (17.18)1901 (15.38)1128 (21.42)<160

6678 (37.89)4628 (37.44)2050 (38.94)160-199

5567 (31.58)4100 (33.17)1467 (27.86)200-239

1821 (10.33)1371 (11.09)450 (8.55)240-279

532 (3.02)362 (2.93)170 (3.23)>279

<.00149.8 (4)11,5418046349511,541Self-reported

1942 (16.83)1281 (15.92)661 (18.91)<160

3979 (34.48)2687 (33.40)1292 (36.97)160-199

4039 (35.00)2900 (36.04)1139 (32.59)200-239

1189 (10.30)898 (11.16)291 (8.33)240-279

392 (3.40)280 (3.48)112 (3.20)>279

aBonferroni correction was used to determine statistical significance based on 14 comparisons (alpha=.004).
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Table 6. Differences in means and proportions by sex for imputed sample (n=16,879).

P aχ2(df)t (df)Total (n=16,879)Female (n=11,868)Male (n=5011)Variables in dataset

.012.4 (16,877)54.0 (11.7)54.2 (11.5)53.7 (12.1)Age, mean (SD)

<.00170.5 (5)Race/ethnicity, n (%)

13,816 (81.85)9648 (81.29)4168 (83.18)Non-Hispanic white

1706 (10.11)1321 (11.13)385 (7.68)African-American

797 (4.72)552 (4.65)245 (4.89)Hispanic

280 (1.66)161 (1.36)119 (2.37)Asian/Pacific Islander

55 (0.33)43 (0.36)12 (0.24)American Indian/

Alaskan Native

225 (1.33)143 (1.20)82 (1.64)Other

<.00156.7 (2)Tobacco use, n (%)

11,447 (67.82)8257 (69.57)3190 (63.66)Never

3618 (21.43)2398 (20.21)1220 (24.35)Quit

1814 (10.75)1213 (10.22)601 (11.99)Yes

.255.4 (4)Diabetes, n (%)

15,440 (91.47)10883 (91.70)4557 (90.94)No

87 (0.52)60 (0.51)27 (0.54)Type 1

1209 (7.16)826 (6.96)383 (7.64)Type 2

60 (0.36)46 (0.39)14 (0.28)Borderline

83 (0.49)53 (0.45)30 (0.60)Unsure

<.001182.7 (5)Systolic blood pressure ranges (mm Hg), n (%)

5269 (31.22)4049 (34.12)1220 (24.35)<120

4483 (26.56)3131 (26.38)1352 (26.98)120-129

3226 (19.11)2096 (17.66)1130 (22.55)130-139

3130 (18.54)2087 (17.59)1043 (20.81)140-159

748 (4.43)493 (4.15)255 (5.09)160-199

23 (0.14)12 (0.10)11 (0.22)>199

<.001226.4 (5)Self-reported

4359 (25.82)3428 (28.88)931 (18.58)<120

6037 (35.77)4204 (35.42)1833 (36.58)120-129

3656 (21.66)2368 (19.95)1288 (25.70)130-139

2302 (13.64)1530 (12.89)772 (15.41)140-159

501 (2.97)325 (2.74)176 (3.51)160-199

24 (0.14)13 (0.11)11 (0.22)>199

<.001294.3 (5)Diastolic blood pressure ranges (mm Hg), n (%)

8412 (49.84)6370 (53.67)2042 (40.75)<80

4409 (26.12)3008 (25.35)1401 (27.96)80-84

1727 (10.23)1087 (9.16)640 (12.77)85-89

1896 (11.23)1154 (9.72)742 (14.81)90-99

400 (2.37)235 (1.98)165 (3.29)100-114

35 (0.21)14 (0.12)21 (0.42)>114

<.001172.3 (5)Self-reported

7160 (42.42)5376 (45.30)1784 (35.60)<80

J Med Internet Res 2014 | vol. 16 | iss. 4 | e106 | p.72http://www.jmir.org/2014/4/e106/
(page number not for citation purposes)

Dickerson et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


P aχ2(df)t (df)Total (n=16,879)Female (n=11,868)Male (n=5011)Variables in dataset

5387 (31.92)3722 (31.36)1665 (33.23)80-84

2443 (14.47)1568 (13.21)875 (17.46)85-89

1533 (9.08)987 (8.32)546 (10.90)90-99

303 (1.80)189 (1.59)114 (2.27)100-114

53 (0.31)26 (0.22)27 (0.54)>114

<.0011800.0 (4)HDL-C ranges (mg/dL), n (%)

4694 (27.81)4100 (34.55)594 (11.85)<35

3791 (22.46)2947 (24.83)844 (16.84)35-44

2240 (13.27)1568 (13.21)672 (13.41)45-49

3791 (22.46)2248 (18.94)1543 (30.79)50-59

2363 (14.00)1005 (8.47)1358 (27.10)>59

<.001295.9 (4)Self-reported

5095 (30.19)3994 (33.65)1101 (21.97)<35

4347 (25.75)3085 (25.99)1262 (25.18)35-44

3328 (19.72)2180 (18.37)1148 (22.91)45-49

2606 (15.44)1693 (14.27)913 (18.22)50-59

1503 (8.90)916 (7.72)587 (11.71)>59

0.0469.7 (4)LDL-C ranges (mg/dL), n (%)

5489 (32.52)3935 (33.16)1554 (31.01)<100

5720 (33.89)4007 (33.76)1713 (34.18)100-129

3758 (22.26)2621 (22.08)1137 (22.69)130-159

1406 (8.33)962 (8.11)444 (8.86)160-189

506 (3.00)343 (2.89)163 (3.25)>189

.049.8 (4)Self-reported

4603 (27.27)3307 (27.86)1296 (25.86)<100

5578 (33.05)3922 (33.05)1656 (33.05)100-129

4362 (25.84)3005 (25.32)1357 (27.08)130-159

1582 (9.43)1122 (9.45)470 (9.38)160-189

754 (4.47)522 (4.40)232 (4.63)>189

<.001130.8 (4)Total cholesterol ranges (mg/dL), n (%)

2937 (17.40)1852 (15.60)1085 (21.65)<160

6362 (37.69)4421 (37.25)1941 (38.73)160-199

5309 (31.45)3920 (33.03)1389 (27.72)200-239

1764 (10.45)1330 (11.21)434 (8.66)240-279

507 (3.00)345 (2.91)162 (3.23)>279

<.00128.1 (4)Self-reported

2940 (17.42)2002 (16.87)938 (18.72)<160

5759 (34.12)3972 (33.47)1787 (35.66)160-199

5807 (34.40)4150 (34.97)1657 (33.07)200-239

1805 (10.69)1336 (11.26)469 (9.36)240-279

568 (3.37)408 (3.44)160 (3.19)>279

aBonferroni correction was used to determine statistical significance based on 14 comparisons (alpha=.004)
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Weighted Kappa Agreement and Agreement by Risk
Stratification

Listwise Deletion
Table 7 reports the results of the weighted kappa interrater

agreement analysis by sex for each CHD risk factor variable in
the listwise deleted sample. In addition to the weighted kappa
statistic, its standard error and bias-corrected 95% confidence
interval was reported along with an estimate of the 10-year CHD
risk score for each variable’s strata of clinical values.

Table 7. Interrater agreement of self-reported and clinically measured Framingham 10-year CHD risk factors by risk score for the listwise deleted
sample (n=5951).

Females (n=4013)Males (n=1938)Clinically measured risk
factor

Weighted kappa statisticsnRisk scoreaWeighted kappa statisticsnRisk scorea

95% CIbSEκ95% CIbSEκ

.57-.61.01.5940134013.53-.59.01.561938Total cholesterol

.60-.67.02.6411231123.46-.57.03.52518<3%

.49-.56.02.5311571157.53-.62.02.595383-4%

.51-.59.02.5511781178.48-.60.03.545245-6%

.48-.59.03.53555555.50-.62.03.55358>6%

.56-.60.01.5740134013.46-.52.02.491938HDL-C

.57-.64.02.6011231123.50-.60.03.56518<3%

.53-.59.02.5511571157.49-.58.02.545383-4%

.54-.61.02.5811781178.38-.48.03.445245-6%

.41-.50.03.45555555.25-.37.03.33358>6%

.55-.60.01.5840134013.55-.62.02.581938LDL-C

.57-.65.02.6011231123.43-.54.03.48518<3%

.45-.53.02.4911571157.52-.63.03.585383-4%

.51-.59.02.5511781178.53-.67.03.605245-6%

.48-.58.03.52555555.50-.63.03.57358>6%

.42-.47.01.4540134013.38-.44.01.421938Systolic blood pressure

.48-.56.02.5111231123.40-.52.03.47518<3%

.39-.46.02.4211571157.37-.49.03.445383-4%

.35-.43.02.4011781178.33-.47.03.395245-6%

.31-.43.03.36555555.28-.41.04.34358>6%

.43-.46.01.4340134013.40-.45.01.421938Diastolic blood pressure

.46-.54.02.5011231123.43-.55.03.49518<3%

.38-.46.02.4211571157.35-.47.03.415383-4%

.33-.43.02.3811781178.31-.43.03.385245-6%

.31-.43.03.38555555.33-.47.04.40358>6%

264165Tobacco user c

156   79≤5%

108   86>5%

345200Diagnosed with diabetes c

179   95≤5%

166   105>5%

aFramingham 10-year CHD risk score.
bBias-corrected 95% CI.
cInterrater agreement not measured.
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Pairwise Deletion
Table 8 reports the results of the weighted kappa interrater
agreement analysis by sex for each CHD risk factor variable in

the pairwise deleted sample. In addition to the weighted kappa
statistic, its standard error and bias-corrected 95% confidence
interval was reported along with an estimate of the 10-year CHD
risk score for each variable’s strata of clinical values.

Table 8. Interrater agreement of self-reported and clinically measured Framingham 10-year CHD risk factors by risk score for the pairwise deleted
sample.

Females (n=varies)Males (n=varies)Clinically measured
risk factor

Weighted kappa statisticsnRisk scoreaWeighted kappa statisticsnRisk scorea

95% CIbSEκ95% CIbSEκ

.57-.60.01.589547.59-.63.01.614524Total cholesterol

.59-.63.01.622410<4%.53-.61.02.571038<3%

.50-.55.01.5225234-6%.57-.64.02.6111763-4%

.55-.59.01.5730097-8%.56-.62.02.5911685-6%

.53-.60.02.531605>8%.61-.69.02.641142>6%

.63-.65.01.646217.55-.60.01.583374HDL-C

.62-.68.01.651600<4%.58-.68.02.63773<3%

.56-.63.02.6016494-6%.58-.66.02.628613-4%

.63-.69.01.6519487-8%.50-.57.02.548935-6%

.54-.61.02.571020>8%.43-.52.03.47847>6%

.56-.60.01.584989.56-.60.01.582624LDL-C

.54-.61.02.581318<4%.44-.53.03.49627<3%

.47-.53.02.5014414-6%.54-.64.02.597073-4%

.51-.58.02.5514977-8%.56-.66.03.616975-6%

.50-.58.02.54733>8%.49-.60.03.55593>6%

.46-.48.01.4713,381.45-.49.01.475951Systolic blood pressure

.46-.50.01.493744<4%.42-.50.02.461439<3%

.39-.43.01.4134324-6%.42-.49.02.4515523-4%

.43-.46.01.4439677-8%.42-.47.02.4414725-6%

.40-.45.01.432238>8%.43-.50.02.461488>6%

.42-.45.01.4313,199.45-.49.01.475901Diastolic blood pressure

.44-.48.01.463709<4%.41-.49.02.441430<3%

.38-.44.01.4033854-6%.42-.49.02.4515393-4%

.40-.44.01.4239057-8%.43-.50.02.4614645-6%

.40-.45.02.432200>8%.48-.54.02.511468>6%

1591876Tobacco user c

887≤7%409≤5%

704>7%467>5%

1256693Diagnosed with diabetes c

511≤7%224≤5%

745>7%469>5%

aFramingham 10-year CHD risk score.
bBias-corrected 95% CI.
cInterrater agreement not measured.
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Imputation
Table 9 reports the results of the weighted kappa interrater
agreement analysis by sex for each CHD risk factor variable in

the imputed sample. In addition to the weighted kappa statistic,
its standard error and bias-corrected 95% confidence interval
was reported along with an estimate of the 10-year CHD risk
score for each variable’s strata of clinical values.

Table 9. Imputed sample (n=16,879): interrater agreement of self-reported and clinically measured Framingham 10-year CHD risk factors by risk
score.

Females (n=11,868)Males (n=5011)Clinically measured risk
factor

Weighted kappa statisticsnRisk scoreaWeighted kappa statisticsnRisk scorea

95% CIbSEκ95% CIbSEκ

.34-.37.01.3511,868.34-.38.01.365011Total cholesterol

.31-.36.01.342902<3%.26-.33.02.301406<3%

.33-.38.01.3630713-5%.35-.43.02.3812883-4%

.32-.38.01.3432376-8%.33-.41.02.3712075-6%

.30-.36.01.332658>8%.34-.44.02.371110>6%

.27-.29.01.2811,868.23-.27.01.255011HDL-C

.25-.30.01.282902<3%.25-.31.02.281406<3%

.33-.38.01.3630713-5%.23-.30.02.2712883-4%

.25-.30.01.2732376-8%.21-.27.02.2412075-6%

.18-.22.01.202658>8%.15-.21.02.181110>6%

.20-.23.01.2111,868.22-.27.01.245011LDL-C

.16-.21.01.192902<3%.14-.21.02.181406<3%

.20-.25.01.2330713-5%.21-.28.02.2512883-4%

.19-.24.01.2132376-8%.26-.33.02.2912075-6%

.19-.23.01.222658>8%.19-.28.02.251110>6%

.37-.40.01.3911,868.36-.41.01.385011Systolic blood pressure

.30-.35.01.332902<3%.34-.41.02.381406<3%

.31-.36.01.3430713-5%.31-.39.02.3512883-4%

.29-.33.01.3132376-8%.31-.39.02.3512075-6%

.28-.33.01.302658>8%.31-.37.02.331110>6%

.33-.36.01.3511,868.34-.39.01.375011Diastolic blood pressure

.32-.38.02.342902<3%.32-.38.02.351406<3%

.33-.38.01.3530713-5%.32-.41.02.3712883-4%

.30-.36.02.3332376-8%.32-.41.02.3712075-6%

.28-.33.01.312658>8%.34-.42.02.381110>6%

1213601Tobacco user c

629≤6%  295≤5%

584>6%  306>5%

886410Diagnosed with diabetes c

279≤6%  153<5%

607>6%  257>5%

aFramingham 10-year CHD risk score.
bBias-corrected 95% CI.
cInterrater agreement not measured.
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When evaluating the trends of interrater agreement between
self-reported and clinically measured CHD risk factors, it is
important to evaluate both the baseline interrater agreement
coefficients for the entire sample and the individual interrater
agreement coefficients for the strata based on 10-year CHD
risk. Further, it is important to examine the changes in the
interrater agreement as 10-year CHD risk increases.

Although there are some noteworthy differences between the
listwise deleted and pairwise deleted samples (eg, the
deterioration of interrater agreement by strata for SBP and DBP
as 10-year CHD risk increases among males in the listwise
deleted sample but not the pairwise deleted sample), the main
outcome of interest is the difference in baseline interrater
agreement coefficients of the imputed sample versus the listwise
and pairwise deleted samples. Overall, the baseline interrater
agreement coefficient values for each risk factor in the imputed
sample were markedly lower than their counterparts in the
listwise and pairwise deleted samples. For example, among
males in the listwise deleted sample, the interrater agreement
coefficient of self-reported and clinically measured ranges of
HDL-C was kappa=.49. By comparison, the same coefficient
in the imputed sample was .25. This discrepancy was substantial
across the risk factor values with the largest amount of missing
data (ie, ranges of TC, HDL-C, and LDL-C). By comparison,
the differences in interrater agreement coefficients of variables
other than ranges of TC, HDL-C, and LDL-C between the
listwise deleted and imputed samples were minor. For example,
among females in the listwise deleted sample, the interrater
agreement coefficient of self-reported and clinically measured
SBP was .45. By comparison, the same coefficient in the
imputed sample was .39.

As discussed previously, one of the CHD risk factors thought
to be less understood by community-dwelling adults is HDL-C.
It is noteworthy that both males and females with the highest
10-year risk of CHD in the imputation sample had the lowest
level of interrater agreement between self-reported and clinically
measured ranges of HDL-C. In fact, the level of agreement can
only be characterized as slight, which is a suboptimal level of
agreement. Although the difference between a 3% 10-year risk
of CHD and an 8% 10-year risk of CHD may seem numerically
immaterial, it should be noted these figures are derived from
Framingham’s clinical risk model [24], which means the
difference between 3% and 8% is more than twice the mortality
risk of CHD in the next 10 years. Thus, the difference is
clinically relevant.

Conversely, interrater agreement of self-reported and clinically
measured ranges of LDL-C slightly increased in both sexes as
10-year CHD risk increased. This is consistent with the

layperson hypothesis that individuals with higher risk of CHD
would be more conscious of LDL-C because it is often referred
to as “bad” cholesterol. This finding is also supported with
recent evidence suggesting diabetes patients who recall their
most recent LDL-C values are more likely to maintain optimal
hemoglobin A1C values [25]. LDL-C could simply be the metric
noted by community-dwelling adults as the most important
metric to gauge in order to avoid CHD and related diseases.
This is certainly consistent with how patients have been
conditioned to assume LDL-C is bad cholesterol and HDL-C
is good cholesterol (a belief that is the subject of rigorous
investigation) [26]. If HDL-C is eventually deemed to be just
as clinically important as LDL-C, a substantial public health
information campaign may be necessary to inculcate this
knowledge and its importance among a public much more likely
to appreciate CHD risk due to LDL-C.

Sensitivity Missing Data Techniques
Upon examining the differences of interrater agreement
coefficients by the approach used to address missing data, 2
things become apparent. First, ranges of SBP, DBP, and both
tobacco use and DM status were not substantially different based
on the approach employed to account for missing data. This
was mostly because of fewer instances of missing data than
other variables in the original dataset. As such, it is appropriate
to use any of the 3 samples to establish findings about interrater
agreement relative to these variables in the study. However,
given the significant amount of missing data for ranges of TC,
HDL-C, and LDL-C, the multiple imputation strategy resulted
in more conservative results of interrater agreement than the
listwise and pairwise deleted samples. As such, the researcher
is cautioned to use these figures when establishing findings
from the study. Because of these facts, the multiple imputation
sample was deemed the most appropriate for discussing findings
of this study. This is because the imputation sample was
conservative on the variables with greatest instances of missing
data, but consistent with the other 2 methodologies for the
variables with fewer instances of missing data.

Sample Versus Population-Based Coronary Heart
Disease Risk Data
Figure 1 illustrates the comparative 10-year CHD risk score as
established by the Framingham Heart Study [24] for the general
male population by age group. The results from the listwise
deleted and imputed samples, respectively, are also shown for
comparison. Figure 2 illustrates the comparative 10-year CHD
risk score as established by the Framingham Heart Study [24]
for the general female population by age group. The results
from the listwise deleted and imputed samples, respectively,
are also shown for comparison.
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Figure 1. Comparison of CHD risk by sample type relative to the overall population for males.
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Figure 2. Comparison of CHD risk by sample type relative to the overall population for females.

Discussion

Heart Aware May Underestimate Population Risk for
Coronary Heart Disease
The most significant finding from this study is the fact a
community-based health risk assessment for heart disease that
is delivered via the Internet (Heart Aware) yields a sample with
markedly lower risk of CHD than suggested by population
health data. For example, Figure 1 demonstrates that despite
the method used to account for missing data, those males
participating in the Heart Aware assessment had, on average, a
10-year CHD risk that was up to 19 percentage points lower
than their counterparts of the same age. Likewise, Figure 2
demonstrates that despite the method used to account for missing
data, those females participating in the Health Aware assessment
had, on average, a 10-year CHD risk that was up to 7 percentage
points lower than their counterparts of the same age.

It should be noted this problem is compounded by the fact
participants selected for clinical evaluation in this study were
hand-picked by the individual hospitals based on their perceived
high risk of CHD (ie, a random selection of community-dwelling
adults for clinical measurement of CHD risk factors would likely
result in samples with lower CHD risk, thereby exacerbating
the differences between the risk of samples established by the
Heart Aware assessment versus population health data),
recognizing that anyone with diagnosed CHD was excluded
from the study.

There are several reasons that could explain these discrepancies.
The Heart Aware assessments were offered almost entirely via

the Internet. This probably resulted in biased selection of
participants because those using the Internet are generally more
technically savvy, have higher levels of education and income,
and are comparatively healthier than non-Internet users [27].
As such, it is not surprising the tool procured a lower-risk
population that is not representative of the general population.
This raises a very important issue about health risk assessments
such as Heart Aware. Obviously, recruitment cost is greatly
reduced by using the Internet, especially through a hospital’s
existing Internet presence. However, if the data are to be used
for public health purposes, how can the data be more
representative of the population? One approach could be to
expand the methods used to collect the same data, such as using
in-clinic kiosks to collect data versus relying on a participant
having Internet resources available at home. If financial
resources were available, the instrument could be made available
through a random-digit dial survey. This method has been shown
to improve validity in other CVD-related studies [28]. Finally,
a simple and cost-effective method could be to use propensity
score matching to create appropriate comparison groups for
analysis. This approach is also common in CVD-related studies
[29]. However, in the case of the current Heart Aware survey,
additional variables need to be collected to account for the
underlying demographic differences that are likely associated
with the Internet selection bias discussed previously (eg, income,
education level, and current health care utilization).

It is difficult to understand the influence of the selection issue
on the study results. Although we know the samples in this
study were of individuals of much lower CHD risk relative to
population health data, and we did exclude those who had
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already been diagnosed with CHD, the relationship between
levels of CHD risk and knowledge of CHD risk factors has yet
to be firmly established. In fact, in this study, differences in the
interrater agreement of self-reported and clinically measured
CHD risk factors varied by sex, individual risk factor, and
overall 10-year CHD risk stratum.

Sex-Based Differences Were Not Apparent
As noted previously, the Red Dress symbol and Go Red for
Women campaign have been high profile efforts to highlight
the fact more females of all ages die of CHD than any other
cause of death [30]. Yet, the results of this study indicate a very
similar level of awareness of CHD risk factors among the sexes.
It is difficult to reconcile this data with the potential success or
failure of these high profile campaigns specific to females.
Although there may be no marked difference in the interrater
agreement between males and females on each measured CHD
risk factor in the imputed sample, perhaps awareness would
have been worse without the public campaigns focused on
females?

What is clear about the differences in the interrater agreement
of self-reported and clinically measured CHD risk factors by
sex is neither sex has demonstrated a superior understanding of
their CHD risk factors. Both sexes demonstrate relatively low
levels of agreement on every CHD risk factor. It should also be
noted females were generally “healthier” than their male
counterparts in this study (see Table 6). It seems rational such
a difference would influence CHD risk factor agreement by sex
to a greater degree than witnessed in this study. This is an area
for continued exploration because it is central to public health
policy.

Limitations
In addition to the noteworthy findings of this study, there are
several limitations. First, the most substantial limitation is a
challenge to internal validity of the results based on a substantial
amount of selection bias that was likely the result of the
recruitment method (ie, offering the survey to any interested
party through media advertising). However, as Guba [31]
reminds us in a classic work on naturalistic studies, the process
of determining validity is not comparable with rationalistic
designs such as randomized controlled trials. Naturalistic trials
have a wide array of tools to complement the rationalistic
approach to establishing comparable levels of study integrity
and quality [31]. Among these methods are techniques such as
triangulation of results, replication, and comprehensive
descriptive statistics to ensure a thorough understanding of the
sample [31]. If naturalistic designs are fundamentally
characterized as research conducted in natural settings versus
structured environments such as laboratories [32], then Heart
Aware should qualify as a tool used in a naturalistic setting.
Because of this paradigm, the study does accomplish some of
the processes desired by naturalistic researchers, such as the
exhaustive approach to examining missing data, the use of
multiple imputation to ensure replication of the results displayed
in the imputed sample, and the 100 repetitions conducted on
each weighted kappa analysis of interrater agreement between
self-reported and clinically measured CHD risk factors.
Nevertheless, future research in this area should incorporate

some of the suggestions made previously to counteract the
apparent selection bias of solely using the Internet for
recruitment.

The second limitation is the amount of missing data. Although
this study has attempted to mitigate this point with multiple
approaches, none of these efforts can fully account for the bias
that exists in statistical estimation as a result of missing
responses. At a very basic level, the latent traits of missing
responses remain unknown even with the most sophisticated
missing data techniques. However, it should be noted repetition
and replication (as noted previously) somewhat mitigate these
biases.

The third limitation of the study is the difference between sexes
for baseline health behaviors and clinical values. Although some
of the clinical value differences are because of normal
differences based on sex, some of the discrepancies are very
large indicating females are probably healthier than their male
counterparts. This influences the ability to fully understand
results of the study by sex.

The fourth limitation of the study is the lack of research on how
respondents acquired information about their self-reported risk
factor values. There could be an element of self-education or
access to professional resources that play a role in the findings
of the study.

Finally, it was not possible to exclude individuals from the study
who had undiagnosed CHD. The sample likely contained some
of these individuals and could have contributed to selection bias
concerns.

Future Research
The findings from this study have a unique place in the literature
based on the large sample size, breadth of heart disease
self-reported risk factors collected, and the method of data
collection (ie, the Internet). However, this was a cross-sectional
study that lacks the internal validity of a stronger design such
as a randomized controlled trial. Future efforts in this field
would benefit from a prospective randomized study design to
ensure some of the self-selection biases and other limitations
of this study are appropriately addressed.

Conclusions
This study sought to understand which CHD risk factors were
best understood by community-dwelling adults who took an
Internet-based CHD risk assessment (ie, Heart Aware). It also
sought to examine whether such levels of understanding were
associated with varying degrees of 10-year CHD risk for each
participant. What the study has shown is although all CHD risk
factors had suboptimal levels of interrater agreement between
self-reported and clinically measured values, the CHD risk factor
with the greatest discordance was HDL-C. This is consistent
with the literature noted previously. However, this study
provides unique support to this finding by incorporating a
thorough review of how interrater agreement coefficients change
based on approaches to missing data. Because missing data are
a key analytical issue in many surveillance studies [33], the
current study provides a robust view that supports the findings
of interrater agreement for HDL-C in a variety of
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methodological settings. Further, these findings were drawn
from a very large sample across more than 100 hospitals.

Unlike prior research efforts, this study stratified interrater
agreement of self-reported and clinically measured CHD risk
factors by 10-year CHD risk as established by the Framingham
Heart Study [24]. This allowed the current study to make a very
important contribution to the literature, the discovery that
interrater agreement for HDL-C deteriorates as 10-year CHD
risk increases, whereas interrater agreement for LDL-C improves
as 10-year CHD risk increases. This is a powerful finding
because it not only supports the literature noted previously
regarding the lack of knowledge of HDL-C among
community-dwelling adults, but it also shows how the same
individuals also view LDL-C. This finding has substantial
implications for the health literacy, social and behavioral health,
and public health implementation science communities. If the
evidence of HDL-C as a protective factor for CHD continues
to mature, it will be vital to translate these clinical findings into
actionable public health information campaigns in the
community.

Several broad themes should be drawn from this study. First,
tools such as Heart Aware could be a cost-effective way to
collect valuable CHD risk factor data. Researchers should begin
to think about leveraging such technology by partnering with
private sector firms to improve public health datasets. Such
efforts can only improve public health surveillance, which is
positive for researchers, policymakers, private sector firms, and
community-dwelling adults. However, additional recruitment
methodologies should be employed (in addition to the Internet)
to reduce selection bias. Second, this research confirms the
continuing need to educate community-dwelling adults about
the need to understand their CHD risk factors. This is especially
true regarding HDL-C and LDL-C. Finally, this research raises
questions about how to use stratification of CHD risk factor
agreement by 10-year CHD risk as a clinical strategy. Very few
differences in interrater agreement for any CHD risk factor by
10-year CHD risk were identified in this study. Clinicians may
want to consider additional strategies to improve CHD risk
factor knowledge among those who currently exhibit the greatest
chance of a CHD event in the next 10 years.
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Abstract

Background: The Internet is an optimal setting to provide massive access to tobacco treatments. To evaluate open-access
Web-based smoking cessation programs in a real-world setting, adherence and retention data should be taken into account as
much as abstinence rate.

Objective: The objective was to analyze the usage and effectiveness of a fully automated, open-access, Web-based smoking
cessation program by comparing interactive versus noninteractive versions.

Methods: Participants were randomly assigned either to the interactive or noninteractive version of the program, both with
identical content divided into 4 interdependent modules. At baseline, we collected demographic, psychological, and smoking
characteristics of the smokers self-enrolled in the Web-based program of Universidad Nacional de Educación a Distancia (National
Distance Education University; UNED) in Madrid, Spain. The following questionnaires were administered: the anxiety and
depression subscales from the Symptom Checklist-90-Revised, the 4-item Perceived Stress Scale, and the Heaviness of Smoking
Index. At 3 months, we analyzed dropout rates, module completion, user satisfaction, follow-up response rate, and self-assessed
smoking abstinence.

Results: A total of 23,213 smokers were registered, 50.06% (11,620/23,213) women and 49.94% (11,593/23,213) men, with a
mean age of 39.5 years (SD 10.3). Of these, 46.10% (10,701/23,213) were married and 34.43% (7992/23,213) were single, 46.03%
(10,686/23,213) had university education, and 78.73% (18,275/23,213) were employed. Participants smoked an average of 19.4
cigarettes per day (SD 10.3). Of the 11,861 smokers randomly assigned to the interactive version, 2720 (22.93%) completed the
first module, 1052 (8.87%) the second, 624 (5.26%) the third, and 355 (2.99%) the fourth. Completion data was not available for
the noninteractive version (no way to record it automatically). The 3-month follow-up questionnaire was completed by 1085 of
23,213 enrolled smokers (4.67%). Among them, 406 (37.42%) self-reported not smoking. No difference between groups was
found. Assuming missing respondents continued to smoke, the abstinence rate was 1.74% (406/23,213), in which 22,678 were
missing respondents. Among follow-up respondents, completing the 4 modules of the intervention increased the chances of
smoking cessation (OR 1.95, 95% CI 1.27-2.97, P<.001), as did smoking 30 minutes (OR 1.58, 95% CI 1.04-2.39, P=.003) or 1
hour after waking (OR 1.93, 95% CI 1.27-2.93, P<.001) compared to smoking within the first 5 minutes after waking.

Conclusions: The findings suggest that the UNED Web-based smoking cessation program was very accessible, but a high level
of attrition was confirmed. This could be related to the ease of enrollment, its free character, and the absence of direct contact
with professionals. It is concluded that, in practice, the greater the accessibility to the program, the lower the adherence and
retention. Professional support from health services and the payment of a reimbursable fee could prevent high rates of attrition.
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Introduction

The World Health Organization [1] states that tobacco
consumption causes 5.6 million deaths through lung cancer,
heart disease, stroke, and other diseases. This number reaches
6 million if passive smokers’ deaths are considered. Other data
shows that in the European Union [2] 650,000 people die each
year because of tobacco consumption, 443,000 deaths each year
are attributable to tobacco use in the United States [3], and
55,000 people die every year from tobacco-related diseases in
Spain [4,5].

Smokers are aware of the harmful effects of tobacco
consumption: 70% would like to quit smoking and half try to
quit each year, mostly without professional help [6-11]. Between
3% and 4% successfully quit smoking [12,13].

A problem of this magnitude requires treatments that are both
effective and accessible to prevent millions of deaths worldwide
[14-16], especially because treatments for tobacco dependence
are available for only 14% of the world population [15]. Many
smokers do not want to or cannot receive conventional treatment
[17]. The Internet may be an effective, accessible, and efficient
alternative in such cases [18-24].

Prior work has shown that interactive Web-based interventions
for smoking cessation can be more effective than static websites
and that there is a relationship between dose of intervention and
its effect [23-31]. In relation to smokers’ characteristics that
affect smoking cessation, some studies have indicated that a
higher level of education and a lower number of cigarettes
smoked are related to successful smoking cessation [23,32].

Concerning the usage of open-access eHealth programs, some
studies have shown massive enrollment of users followed by a
high level of dropout in the initial phase of treatment, without
second visits to the website. The proportion of dropouts and
nonusers decreases during treatment and subsequent follow-up
in logarithmic progression. However, users who are registered
in these open and public websites can benefit just as much from
treatment as the participants in clinical studies, in which there
is greater control over the recruitment of subjects and their
behavior in the program [31,33-35]. Little is known about the
users’ characteristics and the effectiveness and usage of fully
automated Web-based interventions for smoking cessation in
a real-world setting, without control or selection of users and
provided free of charge. In Spain, no fully automated and
open-access programs to quit smoking have been evaluated.
The authors developed the Universidad Nacional de Educación
a Distancia (National Distance Education University, UNED)
Web-based program to offer an accessible alternative to millions
of smokers who wish to quit smoking without attending
conventional treatment sessions.

The aim of this paper is to describe the demographic,
consumption, and psychological characteristics of 23,213

participants self-enrolled in the UNED Web-based smoking
cessation program, to analyze the usage and effectiveness of
the program, and the differences between 2 versions: an
interactive automated control on the progress of the user and
another without control or interactivity. We also examine if the
participants’ adherence to treatment is related to the
effectiveness of the intervention, and which user characteristics
predict abstinence.

The hypotheses tested were (1) the interactive and tailored
version of the program will yield higher quit rates than the static
version, (2) usage of the modules of the intervention will drop
drastically from the first module, (3) exposure to the content of
the program will improve quit rates, and (4) the participants
with higher education or lower physical dependence are more
likely to achieve abstinence. Additionally, independent variables
predicting module completion (ie, adherence to treatment) and
follow-up response (ie, retention) were analyzed.

Methods

Ethical Approval
The study was a service open to all comers. The Bioethical
Committee of the UNED approved the study. Registration of
this trial was not required. Before starting the experiment,
informed consent was obtained from the participants.

Participants and Recruitment
Participants confirmed via the Web the following requirements
before they could start the intervention: not undergoing other
treatments to quit smoking, being older than 18 years, wishing
to cease tobacco consumption in the next 30 days, smoking at
least 2 cigarettes per day, having Internet access and an email
address, and accepting the treatment conditions. Participants
were informed that they had to complete a follow-up
questionnaire 3 months after the beginning of the intervention.

At baseline, we collected demographic, psychological, and
smoking characteristics data from the self-enrolled participants
on the open-access UNED Web-based smoking cessation
program [36] from October 2009 to May 2010, through a
mandatory 61-item questionnaire. No direct contact with
participants was made at any time. No economic incentives
were employed. At the home page of the website, the
participants were informed about the research nature of the
program and about the researchers’ UNED affiliations. The
launch of the program in October 2009 was announced by the
university press office to mass media.

Two days after filling out the baseline questionnaire, the user
received a link by email to register in the program. Once the
link was activated, the smoker accessed a randomly assigned
version of the program and the baseline questionnaire. The
obligation to fill out the 61-item self-administered questionnaire
and the 2-day delay in treatment access aimed to prevent the
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enrollment of impulsive smokers who had no intention of
following the treatment.

At 3 months, participants were automatically reminded by email
to complete a questionnaire about satisfaction with the program
along with smoking and psychological variables. There was no
live contact with the users to remind them to fill out the
follow-up form.

Measures
Participants self-reported their age, sex, nationality, marital
status, education, and employment status. Psychological
measurement instruments previously used online [26,37,38]
were selected to avoid uncontrolled effects because of their use
via Internet [39]. Psychological variables were assessed with
the following questionnaires: the Symptom
Checklist-90-Revised (SCL 90-R) [40], anxiety and depression
subscales, and the 4-item Perceived Stress Scale (PSS-4) [41].
The PSS-4 is a reduced version of the 14-item PSS. It measures
the degree to which the respondent has perceived stressful
situations during the past month. Higher scores are correlated
to more stress.

The participants’ self-reported on when they started smoking,
physician’s advice on smoking cessation, motivation to quit
smoking, living with smokers, and expectations of treatment
success. Physical dependence on nicotine was measured with
the Heaviness of Smoking Index (HSI) [42]. The HSI is a
reduced 2-item version of the Fagerstrom Tolerance
Questionnaire (FTQ) [43]. It measures nicotine dependence by
using 2 questions from the FTQ: time of first cigarette in the
morning and the number of cigarettes smoked per day. For each
item, scores range from 0 to 3. The total score is the sum of the
score on these 2 items. Nicotine dependence is then categorized
into a 3-category variable: low (0-1), medium (2-4), and high
(5-6). The HSI is used when time and resources are scarce [44].

To analyze utilization of the program, at 3 months we studied
dropout rates, module completion, satisfaction with the program,
and follow-up response rate. The participants could leave the
program formally through the program menu option so that they
were registered as a dropout. Module completion data was
obtained automatically from the module questionnaire. Only
when all the questions from each module were correctly
answered was the smoker allowed to advance to the next module
and module completion registered by the program. That
information was only accessible from the interactive version.
Satisfaction with the program was rated by the participants on
a 5-level scale from 0=not at all satisfied to 4=extremely
satisfied.

The follow-up response rate was calculated from the number
of participants who completed the 3-month follow-up
assessment. There was no contact by phone or by other means
to reach the missing respondents.

The effectiveness of the program was measured by self-reported
smoking status by using complete case and intention-to-treat
analyses (ITT) at 3 months after registration. However, in cases
of high dropout rates or very small follow-up response rate, ITT
analysis could underestimate the effect of the program on the
participants who were using it and who had been exposed to

the intervention [34]. Because we were evaluating the
effectiveness of an open-access Web-based intervention,
exposure to and usage of the program is an essential condition
to analyze its effect on abstinence. Otherwise, we could be
assessing the follow-up success of the program instead of its
effectiveness [45].

Description of the Program
The content of the UNED Web-based smoking cessation
program is divided into 4 consecutive modules. The intervention
followed the Clinical Guidelines for the Treatment of Smoking
[27] and is based on cognitive behavioral therapy methods tested
effectively in conventional face-to-face smoking cessation
programs [46,47]: education about the quit process, nicotine
fading, self-monitoring, self-control, relapse prevention, coping
skills, and lifestyle change. Two versions of the same content
were implemented: interactive and noninteractive. For both
versions, and according to specific algorithms, the output of the
program depended on the users’ answers to the requirements
of the intervention, acceptance of the treatment conditions, and
completion of the pretreatment and posttreatment assessments.
Both the scores of the psychological scales and the baseline
questionnaire report were also automatically obtained through
algorithms.

The program randomly assigned the users to either interactive
or noninteractive versions of the program, both with the same
therapeutic content. In the interactive format, the user had to
follow a particular sequence of treatment in such a way that the
modules were presented from first to fourth. Each module
incorporated an evaluation form, which, if not answered
correctly, prevented progress in the treatment sequence in order
to guarantee that users had received the contents gradually,
according to its own progress, and that users who had completed
the last module had been exposed to all the content. An
algorithm also allowed or prevented advancing to the next
module depending on the time that had elapsed since the start
of the module. In addition, another algorithm reminded the users
through email that a week had passed and they had not
completed the respective module. Greater exposure to the
treatment was the aim. The previously completed modules were
available to the user for review.

In the noninteractive version, users received identical content
to that in the interactive version through a link to a single static
Portable Document Format (PDF) file. Participants decided by
themselves either to follow the normal sequence of modules or
to skip some content. In this version, the program could control
neither the behavior nor the progress of the user or the modules’
completion.

Statistical Analysis

Overview
An alpha level of .05 was used for the statistical tests. Pearson
correlation coefficient (r) was used to relate the quantitative

variables and the chi-square test (χ2) for the categorical
variables. The relation between categorical and quantitative
variables was calculated with the Student t test.
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Effect Size
Given the large sample size of the study, some very small
differences could be statistically significant; therefore, we
calculated the strength of relationship or effect size through
Cohen’s d index for t test and Cramer’s V for chi-square test,
according to Cohen’s criteria. For Cohen’s d, the small, medium,
and large effect sizes are .20, .50, and .80, respectively. For
Cramer’s V, the small, medium, and large effect sizes are
calculated from the w index according to the number of
categories in the variable. For the Pearson correlation coefficient
(r), small, medium, and large effect sizes are .10, .30, and .50,
respectively [48,49].

Statistical Power
With a small sample size, a lack of statistical significance does
not necessarily mean the absence of differences, but rather low
statistical power of the test. The statistical power depends on
the number of subjects, the significance level, and the effect
size. In our study, the large number of participants in the sample
allowed us to detect small effect sizes in differences of means,
correlations, and chi-square tests.

The sample size required to detect small effect sizes with a
statistical power of alpha=.8 and an alpha=.5 is 393 for mean
difference, 783 for Pearson’s r, and between 785 and 1362
subjects (depending on the degrees of freedom) in the case of
the chi-square test. The sample size required to detect medium
effect sizes with a statistical power of alpha=.8 and an alpha=.5

is 64 for mean difference, 85 for Pearson’s r, and between 87
and 151 subjects (depending on the degrees of freedom) in the
case of the chi-square test [49].

Logistic Regression
Logistic regression analysis was used to examine the relationship
between smoking cessation and predictor variables.
Additionally, we examined completion of the program and the
3-month follow-up response as dependent variables. We
calculated adjusted odds ratio (OR) for every predictor variable
to understand its effect on the dependent variable. Following
the recommendations of Hosmer and Lemeshow [50], the initial
model incorporated predictor variables with significant value
of less than .25 in the preliminary bivariate analysis using
chi-square and Student t tests. The forward stepwise method
was used to test variables for entry into the model one by one.
After each entry, variables that were already in the model were
tested for possible removal based on the significance of
likelihood ratio.

Results

Overview
The Consolidated Standards of Reporting Trials (CONSORT)
flow diagram with the number of participants randomly assigned
to each group, participants who completed each module of the
treatment in the interactive group, and participants analyzed for
the outcome is shown in Figure 1.
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Figure 1. CONSORT flow diagram of visits to the website, participants who completed assessments, started treatment, and their allocation, as well as
completers, follow-up, and analysis.

Participant Demographic Characteristics
Demographic characteristics at baseline are presented in Table
1. Randomization was successful, with neither group differing
significantly on number of enrollees (11,902 in the
noninteractive and 11,861 in the interactive, P=.79) or any

baseline variable. The mean age of participants was 39.5 years
(SD 10.3) and most were of Spanish nationality (93.57%,
21,721/23,213), married (46.10%, 10,701/23,213), with
university education (46.03%, 10,686/23,213), and employed
(78.73%, 18,275/23,213).
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Table 1. Demographic characteristics of the program users.

Cramer’s VPVersionTotalVariable

InteractiveNoninteractive

.7911,588 (49.93)11,625 (50.07)23, 213 (100)Users registered, n (%)

.14Sex, n (%)

5731 (49.46)5862 (50.42)11,593 (49.94)Male

5857 (50.54)5763 (49.58)11,620 (50.06)Female

.3639.43 (10.30)39.56 (10.33)39.50 (10.3)Age, mean (SD)

.47Nationality, n (%)

10,854 (93.66)10,867 (93.48)21,721 (93.57)Spanish

174 (1.50)162 (1.39)336 (1.48)Other EUa

560 (4.84)596 (5.13)1156 (4.98)Non-EUa

.62Marital status, n (%)

3983 (34.37)4009 (34.48)7992 (34.43)Single

5373 (46.36)5328 (45.83)10,701 (46.10)Married

1033 (8.91)1066 (9.16)2099 (9.04)Separated

1095 (9.45)1097 (9.44)2192 (9.44)Living as a couple

104 (0.91)125 (1.09)229 (0.99)Widowed

.54Education, n (%)

1562 (13.48)1502 (12.92)3064 (13.20)Primary

2467 (21.29)2535 (21.81)5002 (21.55)High school

2219 (19.15)2242 (19.28)4461 (19.22)Professional training

5340 (46.08)5346 (45.99)10,686 (46.03)University

0.012.07Employment status, n (%)

9179 (79.21)9096 (78.24)18,275 (78.73)Working

2409 (20.79)2529 (21.76)4938 (21.27)Unemployed

aEU=European Union.

Participant Smoking Variables
Program users’ mean daily tobacco consumption was 19.3
cigarettes (SD 10.3). Most participants smoked within the first
half hour upon waking up. According to the HSI [44], nicotine
dependence was medium in 48.16% (11,179/23,213) of
participants and low in 34.85% (8090/23,213). Average age at
onset of smoking was 17.3 years (SD 3.6). Of the participants,
64.27% (14,921/23,213) had received medical advice to quit
smoking. Desire for abstinence was high (mean 7.9/10, SD 1.9),

and expectations of success were positive (56.85%,
13,197/23,213). Both groups differed significantly on desire
for abstinence and expectations of success, but with a very small
effect size (Table 2).

Additional analysis showed that the number of cigarettes smoked
per day increased in males, with age, with lower educational
level, and in the case of separated people and widowers, with
medium effect sizes for age and education and small effect sizes
for sex and marital status (Table 3).
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Table 2. Smoking characteristics of the program users.

Cramer’s VCohen’s dPVersionTotalVariable

InteractiveNoninteractive

.5019.3 (10.3)19.4 (10.3)19.3 (10.3)Cigarettes per day, mean (SD)

.22First cigarette of the day, n (%)

2671 (49.19)2760 (50.81)5431 (24.48)≤5 min

4904 (49.58)4987 (50.42)9891 (44.59)6-30 min

1884 (51.10)1803 (48.90)3687 (16.62)31-60 min

1607 (47.84)1564 (52.16)3171 (14.31)>60 min

.32HSI, a n (%)

3867 (50.57)3780 (49.43)7647 (34.84)Low

5264 (49.81)5305 (50.19)10,569 (48.16)Medium

1832 (49.13)1897 (50.87)3729 (17.00)High

.7317.4 (3.6)17.4 (3.7)17.3 (3.6)Age at onset, mean (SD)

.30Physician’s advice, n (%)

7411 (49.67)7510 (50.33)14,921 (64.27)Yes

4177 (50.38)4115 (49.62)8292 (35.73)No

.00.017.9 (2.0)8.0 (1.9)7.9 (1.9)Desire for abstinence (0-10), mean (SD)

.94Lives with smokers, n (%)

7125 (49.95)7142 (50.05)14,267 (61.46)Yes

4463 (49.89)4483 (50.11)8946 (38.54)No

0.021.02Expectations of success, n (%)

542 (52.62)488 (47.38)1030 (4.44)Not at all

4560 (50.75)4426 (49.25)8986 (38.71)Some

4461 (49.94)4553 (50.51)9014 (38.83)Pretty much

   2025 (48.41)2158 (51.59)4183 (18.02)Completely

aHSI=Heaviness of Smoking Index.
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Table 3. Users according to number of cigarettes smoked and demographic variables.

Cramer’s VPNumber of cigarettes, %Variable

≥51

n=139

41-50

n=267

31-40

n=1799

21-30

n=4292

11-20

n=11,688

≤10

n=5026

0.191<.001Sex

1.111.6610.7422.3646.8117.32Male

0.100.564.8114.5153.9426.08Female

0.150<.001Age

0.110.212.3211.2254.5231.62≤31

0.420.585.8117.7252.8122.6632-39

0.531.4210.2222.3149.2216.3040-47

1.712.3213.2223.2544.3115.19≥48

0.153<.001Education

1.002.2211.7824.0249.0111.97Primary

0.821.259.3120.8249.1518.65High school

0.410.727.8118.1052.5220.71Professional training

0.660.925.7416.1150.4226.15University

0.076<.001Marital status

0.280.684.7214.8652.0427.42Single

0.821.389.0620.4949.6418.61Married

1.021.4912.1122.0247.1216.24Separated

0.571.017.7418.1250.7521.81Living as a couple

0.442.7210.9926.0945.3814.38Widowed

Participant Psychological Variables
Mean scores on anxiety, depression, and stress were not
clinically significant. Groups did not differ significantly on any
score. Additional analysis showed a significant relation between
cigarette consumption and the psychological variables, but with

a very small effect size (Table 4). The relationship between the
depression subscale and the number of cigarettes smoked in
men showed a small effect size (Cohen’s d=.11); in women,
small effect sizes were observed in the depression subscale and
the PSS-4 in relation to cigarettes smoked (Cohen’s d=.12 and
.11, respectively).

Table 4. Pearson correlations between psychological variables and number of cigarettes smoked.

CigarettesPSScDepressionbAnxietyaScales

nrnrnrnr

23,212-Anxietya

23,213-23,212.67dDepressionb

23,213-23,213.67d23,212.48dPSS-4c

22,886-22,886.08d22,886.08d22,885.05dCigarettes

aAnxiety subscale of the SCL-90-R.
bDepression subscale of the SCL-90-R.
cPSS-4: 4-item Perceived Stress Scale.
dP<.001

Dropout Rates and Module Completion
Of the 23,213 self-enrolled smokers, 1326 (5.71%) formally
dropped out of the program. There were statistically significant
differences between the interactive and noninteractive groups.

The interactive group had higher dropout rates than the
noninteractive (6.87%, 816/11861 vs 4.28%, 510/11902;

χ2
1=75.9, P<.001; Cramer’s V=0.057, P<.001), with very small

effect size.
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Of the 11,861 participants randomly assigned to the interactive
version, 2720 (22.93%) completed the first module, 1052
(8.87%) the second, 624 (5.26%) the third, and 355 (2.99%)
the fourth (Figure 2). Completion data was not available for the
static PDF version because there was no way to record it
automatically.

Logistic regression analyses revealed that being a Spaniard (OR
4.32, 95% CI 1.77-10.51, P<.001), aged between 40 and 47
years (OR 1.90, 95% CI 1.38-2.61, P<.001) or older than 48
years (OR 1.61, 95% CI 1.14-2.27, P=.01), having university
education (OR 1.76, 95% CI 1.16-2.67, P=.01), and “some,”

“pretty much,” and “complete” expectations of success (OR
3.72, 95% CI 1.17-11.79, P=.05; OR 6.03, 95% CI 1.91-18.98,
P<.001; OR 5.49, 95% CI 1.72-17.57, P<.001, respectively)
increased the chances of respondents completing all the
intervention modules. Being male (OR 0.76, 95% CI 0.61-0.95,
P=.05), smoking between 16 and 20 (OR 0.74, 95% CI
0.58-0.96, P=.05) or more than 20 cigarettes per day (OR 0.65,
95% CI 0.48-0.87, P<.001), and a higher level of stress (OR
0.94, 95% CI 0.90-0.98, P<.001) decreased chances (Table 5).
There was no significant effect (95% CI for the OR includes 1)
for the other variables included in the initial model, HSI and
anxiety.

Table 5. Logistic regression predicting completion of the intervention in the interactive version (n=10,856).

95% CIORPdfWaldSEBVariable

0.61-0.950.76.0215.630.12–0.28Sex (male)

Age (years)

<.001321.28Ref≤31

0.79-1.571.11.5510.370.180.1132-39

1.38-2.611.90<.001115.600.160.6440-47

1.14-2.271.61.0117.410.180.48≥48

1.77-10.514.32<.001110.380.451.46Nationality (Spanish)

Education

.0228.20RefPrimary

0.95-2.201.44.0912.900.220.37Secondary

1.16-2.671.76.0117.120.210.57University

Cigarettes per day

.0129.83Ref≤15

0.58-0.960.74.0215.140.13–0.3016-20

0.48-0.870.65<.00118.220.15–0.43≥21

Expectation of success

<.001321.89RefNot at all

1.17-11.793.72.0314.990.591.31Some

1.91-18.986.03<.00119.420.591.80Pretty much

1.72-17.575.49<.00118.250.591.70Completely

0.90-0.980.94<.001110.100.02–0.07Stress

0.00<.001162.280.80–6.27Constant
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Figure 2. Attrition diagram of the modules completed against number of participants in the interactive group (n=11,588).

Follow-Up Response Rate
At 3 months, 1085 (4.67%) of the 23,213 smokers enrolled in
the program completed a follow-up questionnaire about smoking
status and satisfaction with the program. The 2 groups differed
in the proportion of assessments: in the interactive group, 390
(3.29%) of 11,902 participants completed the follow-up
questionnaire, whereas 695 of 11,861 (5.84%) did so in the

noninteractive (χ2
1=88.7, P=.01; Cramer’s V=0.061, P=.01)

with very small effect size.

Logistic regression analyses showed that being Spanish (OR
2.70, 95% CI 1.82-4.01, P<.001); aged between 32 and 39 years
(OR 1.27, 95% CI 1.05-1.54, P=.01), between 40 and 47 years
(OR 1.52, 95% CI 1.26-1.83, P<.001), or older than 47 years

(OR 1.57, 95% CI 1.29-1.91, P<.001); having a higher level of
education (secondary level: OR 1.36, 95% CI 1.07-1.74, P=.01;
university: OR 1.96, 95% CI 1.54-2.48, P<.001); smoking
between 16 and 20 (OR 1.43, 95% CI 1.20-1.69, P<.001) or
more than 20 cigarettes per day (OR 1.20, 95% CI 1.01-1.43,
P=.04); and having “pretty much” (OR 1.91, 95% CI 1.27-2.88,
P<.001) or “complete” expectations (OR 1.99, 95% CI
1.31-3.04, P<.001) of success in the and noninteractive group
(OR 1.78, 95% CI 1.56-2.03, P<.001) increased the chances of
completing the follow-up questionnaire. Being male decreased
chances (OR 0.85, 95% CI 0.75-0.97, P=.02) (Table 6). There
was no significant effect (95% CI for the OR includes 1) of the
other variables included in the initial model: marital status, first
cigarette of the day, and level of dependence on nicotine.
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Table 6. Logistic regression predicting 3-month follow-up response (n=21,385).

95% CIORPdfWaldSEBVariable

0.75-0.970.85.0215.660.07–0.16Sex (male)

Age (years)

<.001325.97Ref≤31

1.05-1.541.27.0116.210.100.2432-39

1.26-1.831.52<.001119.090.100.4240-47

1.29-1.911.57<.001120.650.100.45≥48

1.82-4.012.70<.001124.070.200.99Nationality (Spanish)

Education

<.001246.59RefPrimary

1.07-1.741.36.0116.100.130.31Secondary

1.54-2.481.96<.001130.510.120.67University

Cigarettes per day

<.001216.91Ref≤15

1.20-1.691.43<.001116.550.090.3516-20

1.01-1.431.20.0414.370.090.19≥21

Expectation of success

<.001325.44RefNot at all

0.95-2.181.44.0813.010.210.37Some

1.27-2.881.91<.00119.570.210.65Pretty much

1.31-3.041.99<.001110.230.220.69Complete

1.56-2.031.78<.001173.910.070.58Version of the program (noninteractive)

0.00<.0011308.900.32–5.69Constant

Satisfaction With the Program
User satisfaction was reported at 3-month follow-up (n=1085).
The participants rated their satisfaction from not at all satisfied
to extremely satisfied. Among them, 11.15% (121/1085) were
not at all satisfied, 19.26% (209/1085) were slightly satisfied,
34.10% (370/1085) were somewhat satisfied, 25.81% (280/1085)
were very satisfied, and 9.67% (105/1085) were extremely
satisfied. There were differences in satisfaction in terms of the

version of the program (χ2
4=25.4, P<.001; Cramer’s V=0.153,

P<.001) such that users of the interactive version showed higher
proportions of very satisfied and extremely satisfied. Older

people were more satisfied (χ2
12=39.8, P<.001; Cramer’s

V=0.111, P<.001), as were completers (χ2
4=47.9, P<.001;

Cramer’s V=0.350, P<.001), abstainers (χ2
4=97.2, P<.001;

Cramer’s V=0.299, P<.001), and participants with positive

expectations (χ2
12=73.1, P<.001; Cramer’s V=0.260, P<.001).

Tobacco Cessation
At 3 months, 1085 users reported their smoking status. Because
97.69% (22,678/23,213) of the participants did not report

outcome information, we conducted both ITT analysis and
follow-up respondent analysis.

Intention-to-Treat Analysis
Assuming the missing respondents continued to smoke, the
abstinence rate was 1.74% (406/23,213), in which 22,678 were
missing respondents. There was a significant difference in

abstinence rates between groups (χ2
1=26.7, P<.001; Cramer’s

V=0.034, P<.001) with a very small effect size.

Logistic regression analyses revealed that being married or
living as a couple (OR 1.26, 95% CI 1.02-1.55, P=.03) and
complete expectations of success (OR 2.23, 95% CI 1.12-4.46,
P=.02) increased the chances of quitting smoking. Smoking
between 16 and 20 cigarettes per day (OR 0.70, 95% CI
0.56-0.89, P<.001) or more than 20 cigarettes per day (OR 0.55,
95% CI 0.42-0.72, P<.001), and using the interactive version
of the program (OR 0.60, 95% CI 0.49-0.74, P<.001) decreased
chances of quitting (Table 7). There was no significant effect
of the other variables included in the initial model, time to first
cigarette of the day, HSI, physician’s advice, and depression.
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Table 7. Logistic regression predicting smoking cessation at 3 months (n=21,707).

95% CIORPdfWaldSEBVariable

1.02-1.551.26.0314.700.110.23Marital status (married/couple)

Cigarettes per day

<.001221.15Ref≤15

0.56-0.890.70<.00118.710.12–0.3516-20

0.42-0.720.55<.001118.700.14–0.59≥21

Expectation of success

.01310.97RefNot at all

0.78-3.041.54.2111.550.350.43Some

1.00-3.861.97.0513.850.350.68Pretty much

1.12-4.462.23.0215.190.350.80Complete

0.49-0.740.60<.001122.550.11–0.51Version of the program (interactive)

0.01<.0011150.760.35–4.27Constant

Follow-Up Respondent Analysis
Considering only the participants who responded to the
follow-up questionnaire (n=1085), the abstinence rate was
37.42% (406/1085), whereas 62.58% (679/1085) self-reported
as continuing to smoke. There was no significant difference in

self-reported abstinence rates between groups (χ2
1=0.4, P=.50;

Cramer’s V=0.02, P=.50).

Logistic regression analyses revealed that smokers who had
their first cigarette of the day after 30 minutes (OR 1.58, 95%
CI 1.04-2.39, P=.003) or 1 hour (OR 1.93, 95% CI 1.27-2.93,
P<.001) of waking increased their chances of quitting compared
to those who had their first cigarette earlier. There was no
significant effect of the other variables included in the regression
model, version of the program, age, sex, first cigarette of the
day, number of cigarettes smoked, level of dependence on
nicotine, expectations, physician advice, depression, and marital
status.

The abstinence rate among the participants who completed the
intervention was 46.47% (165/355) versus 35.49%
(3727/10,500) among noncompleters (P=.01). To study the
effect of module completion on abstinence (exposure to
treatment), we conducted a secondary analysis with the
participants who answered the follow-up questionnaire in the
interactive version (n=375). Only module completion had a
significant effect on smoking cessation (OR 1.95, 95% CI
1.27-2.97, P<.001). There was no significant effect of other
variables included in the regression model, age, sex, first
cigarette of the day, number of cigarettes smoked, level of
dependence on nicotine, expectations, physician advice,
depression, and marital status.

Continuing to Smoke Analysis
Participants who self-reported they continued to smoke
(676/23,213, 2.91%) significantly reduced both the average
number of cigarettes smoked daily (from 17.9 to14) and the
level of physical dependence on nicotine with medium effect
sizes of .45 and .53, respectively (Table 8).

Table 8. Number of cigarettes smoked (n=628) and level of nicotine dependence (n=614) at baseline and after 3 months among participants who
self-reported as continuing to smoke.

Cohen’s dPt (df)PrDiffAt 3 months, mean (SD)At baseline, mean
(SD)

Variables

.45<.00111.31 (627)<.001.553.9014.00 (8.17)17.90 (9.83)Cigarettes

.53<.00113.04 (613)<.001.680.642.20 (1.51)2.84 (1.54)HSIa

a HSI=Heaviness of Smoking Index.

Discussion

Principal Findings
The aim of this paper was to describe the characteristics of
participants self-enrolled in the UNED Web-based smoking
cessation program and to analyze the program’s usage and
effectiveness and the differences between its 2 versions:
interactive and noninteractive. We also examined if participants’
exposure to treatment was related to its effectiveness and which

user characteristics predicted abstinence. Additionally,
independent variables predicting module completion (ie,
adherence to treatment and follow-up response, such as
retention) were analyzed.

From October 2009 to May 2010, 23,213 users self-enrolled in
the UNED Web-based smoking cessation program, which was
free of charge and fully automated. There were no differences
in the demographic, psychological, and smoking characteristics
between the 2 versions of the program.
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Participant Characteristics
The demographic and smoking characteristics of the study
participants are similar to those reported in other Internet
smoking cessation programs [23,32,51-55] except for sex: in
the UNED program, the number of males and females was not
significantly different, whereas in most other studies, females
were the majority. This may be because the sample sizes were
smaller in the mentioned studies, ranging from 351 [55] to
17,159 participants [51]. With larger samples, as in the case of
Barrera and colleagues [51], the proportions of men and women
were almost the same (49.3% men vs 50.7% women). In
contrast, in the UNED, men’s participation among non-European
users was almost twice that of women’s. Except for Spaniards,
we did not register the nationality of each user, but rather
European or non-European nationality. Because the program
was provided only in the Spanish language and announced
through national and regional mass media, we can assume that
non-European users (n=1156) were primarily people from Latin
American countries living in Spain. Despite the fact that there
has been an increase in female tobacco consumption in recent
years in Latin American countries, the proportion of male
smokers is still triple or quadruple that of women in countries
such as Ecuador, El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Paraguay, and Peru [56].

The proportion of users with university education (46%) versus
other categories is noteworthy, confirming once again the
existence of a digital divide in the specific field of eHealth. In
Spain, the percentage of people with higher education in 2009
was 16.29% versus 20.22% with primary education. However,
that same year, the percentage of Internet users with higher
education was 28.34% versus 7.85% with primary education
according to the Instituto Nacional de Estadística (National
Institute of Statistics) [57,58]. Therefore, we can confirm that
smoking cessation programs are similar to other eHealth
programs in that individuals with a lower educational level are
underrepresented [59,60]. Moreover, a higher ability to
understand, organize, and analyze written information is required
for the use of Web-based programs compared to a traditional
face-to-face intervention [20,61]. All this has a dissuasive effect
on participants with a lower educational level. It has also been
suggested that the excessive length of the written material
employed in self-help formats may impede their use, especially
by smokers who are not accustomed to dealing with this type
of information [62].

Concerning scores of psychological scales, the results do not
differ from those obtained in other studies in the general
population [37,63]. In spite of the fact that cigarette consumption
has been associated with higher levels of anxiety, depression,
and stress [64,65], the correlation was nonsignificant in the
present study.

Usage of the Program
The registration of smokers in the program was high, with
23,213 participants self-enrolled in 8 months. This may be
because of the characteristics of Web-based programs, which
do not require transportation or schedules and, in the case of
the UNED, were free of charge and open-access. In addition,

the university press office announced the launch of the program
to the mass media.

The number of users who completed the 4 modules in the
program confirmed the law of attrition proposed by Eysenbach
[34], according to which a high rate of noncompleters and those
lost to follow-up are a typical feature of Web-based programs.
Adherence to the intervention decreased dramatically over time:
22.93% of users completed the first module, 8.87% the second,
5.26% the third, and 2.99% the fourth. Despite the high
motivation of the users and their positive expectations at
baseline, we found only 2.99% of participants completed the
intervention and 4.57% completed the 3-month follow-up even
with the 2 measures implemented to prevent impulsive
enrollment (ie, delayed access to the program and a long
mandatory baseline questionnaire). These results are similar to
those shown in other eHealth programs [33,35,66]. In the case
of smoking cessation programs, comparison of adherence results
between studies is difficult because either the usage measures
employed do not include the proportion of users who complete
the interventions or they are not structured into successive
modules or sessions. For example, Etter [26] reported that 16%
of users completed at least 2 of 3 interactive surveys of an
intervention that consisted of providing therapeutic content
according to the answers to each survey. McKay et al [32]
reported an average of 1 visit to the website in a cognitive
behavioral program. Seidman et al [23] reported an average of
8 completed sessions of a 32-session cognitive behavioral
program, and Rabius et al [53] confirmed no more than 2 visits
in a study with random allocation to 5 different websites to quit
smoking. Although the unit of adherence measure differs
between studies, there is a general underutilization of Web-based
interventions, especially in open-access programs. Our
hypothesis predicting a high rate of nonusers from the first
module was confirmed.

Because a high number of participants enrolled over the course
of 8 months (23,213), the UNED Web-based smoking cessation
program was shown to be very accessible. No extra measures
were used, except email reminders, to persuade the participants
to continue using the program and respond to the follow-up
questionnaire. The study confirmed that the easier it is to enroll
or to leave the program, the higher the nonusage rate and the
rate of those lost to follow-up will be, as Eysenbach [34]
proposed.

In addition, the regression model showed that the strongest
predictors of completing the program were positive expectations
of success and being older than 40 years. This could be
explained by older participants having an increased perception
of the harmful effects of smoking on health compared to younger
people, and by positive expectations being related to a high
level of self-efficacy, both causing greater use of the application.
Similar results were obtained by Zbikowski et al [31] and
Wangberg et al [67].

Effectiveness of the Program
The ITT abstinence rate was 1.71%. This result is difficult to
interpret. ITT analysis is feasible when we know the outcome
of every participant, regardless of whether they have completed
the program or not. If the lack of data on the outcome is very
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high, ITT analysis is not feasible because considering every
participant lost to follow-up as one without successful treatment
will produce results that rely on unverifiable assumptions
[68,69]. That the missing respondents continue to smoke is an
untestable assumption about the missing data for 95.44% of the
participants in the study, and this could bias results about the
real effectiveness of the program [45]. Furthermore, Tomson
et al [69] found that nonresponders to a Quitline trial were even
more likely to be abstinent than responders.

If we consider the data from the participants who actually
reported their smoking status at follow-up (ie, those we know
the outcome), the cessation rate was 37.42%. This result is in
the range of other studies that analyzed cessation rates in
participants who answered a 3-month follow-up by phone or
through the Web. Cobb et al [70] found a 44.6% abstinence rate
and Etter [52] reported 37.3% at 11 weeks. In the study by
McKay et al [32], the proportion was considerably lower, at
19.7%.

Despite the results of previous work [23,24,27,29,30,52] and
in contrast to our first hypothesis, in the follow-up respondent
analysis we found no differences between the 2 versions of the
program—interactive and noninteractive—whereas in the ITT
analysis the interactive version decreased chances of quitting.
In the present study, both groups were exposed to the same
content. The only difference was interactivity; consequently,
the comparison was strictly interactivity versus no interactivity
rather than interactivity versus another different intervention.
To our knowledge, this is the first study that evaluated
interactivity versus noninteractivity while maintaining the same
content in both groups. However, we should confirm whether
the absence of differences found in the study is maintained in
the long term.

We consider the interactivity because this is the main
experimental manipulation. Nevertheless, the interactive version
includes several components: the regular programmed
progression across the modules, the evaluation at the end of
each module, and the necessity of interaction with the Web
application to follow the programmed steps. Knowing the effect
of the interactivity will be necessary to explore these variables.

The regression analysis showed that completion of the treatment
(ie, exposure to the intervention) increased the chances of
smoking cessation, which confirms our third hypothesis.
However, contrary to our fourth hypothesis, we could not
confirm the effect of education and physical dependence on
smoking abstinence. There was no significant effect of any
demographic variables on abstinence. Education affected the
adherence to the program, but did not improve smoking
cessation. Anxiety, depression, and stress did not affect
abstinence either. This result is consistent with prior studies
that have failed to demonstrate the effect of incorporating mood
management components in the intervention [24,71].

Limitations
First, the information obtained at baseline was not confirmed
by other means. Second, self-reported abstinence was not
validated chemically. In a program with more than 23,000
participants from any part of the world, data verification is not
viable. Some studies confirmed the validity of self-reported
abstinence when compared with chemical verification, becoming
the standard method in Web-based studies [27,72,73]. Another
limitation of the study is related to the 3-month follow-up. This
period is not long enough to establish clear conclusions about
the effectiveness of the program.

Conclusions
The large number of enrollees in the program is encouraging
in terms of accessibility and confirms the feasibility of delivering
Web-based programs for smoking cessation to smokers that do
not have access to conventional face-to-face programs. It would
be very difficult to reach 23,213 smokers through a face-to-face
intervention setting. This study showed that completion of the
program (ie, adherence) improves the chances of cessation.
However, high rates of nonusage and loss to follow-up were
confirmed. To increase the program’s usage and follow-up
completion, some professional involvement could be
implemented in such a way as to ensure a self-obligation toward
both the program and the professional [74]. For example,
professional support from primary health care could prevent
early dropout and reinforce adherence. It has been found that
users of a Web-based smoking cessation program referred by
general practitioners showed lower dropout rates compared to
those who accessed the program directly [75]. Another
therapeutic measure for increasing adherence to free-of-charge
programs could be the payment of a fee to achieve higher
commitment to the program, which would be reimbursable if
completion is achieved.

To summarize, the main findings of this research are to
disconfirm the general belief that anxiety, depression, and stress
are associated with cigarette consumption [64,65] and
confirmation that it is not necessary to incorporate mood
management components in an intervention [24,71]. This
outcome allows for configuration of an intervention less
associated with clinical terms and more related to health
behaviors. Secondly, the utility of a simple noninteractive
intervention program versus a more complex interactive one.
Finally, this study has shown the potential efficacy of an
intervention for people with diverse levels of physical
dependence and different education levels.

The results of our study suggest that future research is needed
to determine (1) the factors that will reduce the high rates of
attrition in public Web-based programs for smoking cessation,
(2) the real proportion of nonsmokers among those lost to
follow-up, and (3) the long-term abstinence rate in the UNED
Web-based smoking cessation program.
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Abstract

Background: eHealth interventions are effective for weight control and have the potential for broad reach. Little is known about
the use of interactive voice response (IVR) technology for self-monitoring in weight control interventions, particularly among
populations disproportionately affected by obesity.

Objective: This analysis sought to examine patterns and predictors of IVR self-monitoring adherence and the association
between adherence and weight change among low-income black women enrolled in a weight gain prevention intervention.

Methods: The Shape Program was a randomized controlled trial comparing a 12-month eHealth behavioral weight gain prevention
intervention to usual care among overweight and obese black women in the primary care setting. Intervention participants (n=91)
used IVR technology to self-monitor behavior change goals (eg, no sugary drinks, 10,000 steps per day) via weekly IVR calls.
Weight data were collected in clinic at baseline, 6, and 12 months. Self-monitoring data was stored in a study database and
adherence was operationalized as the percent of weeks with a successful IVR call.

Results: Over 12 months, the average IVR completion rate was 71.6% (SD 28.1) and 52% (47/91) had an IVR completion rate
≥80%. At 12 months, IVR call completion was significantly correlated with weight loss (r =−.22; P=.04) and participants with
an IVR completion rate ≥80% had significantly greater weight loss compared to those with an IVR completion rate <80% (−1.97
kg, SE 0.67 vs 0.48 kg, SE 0.69; P=.01). Similar outcomes were found for change in body mass index (BMI; mean difference
−0.94 kg, 95% CI −1.64 to −0.24; P=.009). Older, more educated participants were more likely to achieve high IVR call completion.
Participants reported positive attitudes toward IVR self-monitoring.

Conclusions: Adherence to IVR self-monitoring was high among socioeconomically disadvantaged black women enrolled in
a weight gain prevention intervention. Higher adherence to IVR self-monitoring was also associated with greater weight change.
IVR is an effective and useful tool to promote self-monitoring and has the potential for widespread use and long-term sustainability.

Trial Registration: Clinicaltrials.gov NCT00938535; http://www.clinicaltrials.gov/ct2/show/NCT00938535 (Archived by
WebCite at http://www.webcitation.org/6P1FFNJRs).

(J Med Internet Res 2014;16(4):e114)   doi:10.2196/jmir.2996

J Med Internet Res 2014 | vol. 16 | iss. 4 | e114 | p.102http://www.jmir.org/2014/4/e114/
(page number not for citation purposes)

Steinberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:dori.steinberg@duke.edu
http://dx.doi.org/10.2196/jmir.2996
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

eHealth; obesity; interactive voice response; self-monitoring

Introduction

During the past decade, a growing body of evidence has
demonstrated the efficacy of electronic health (eHealth)
interventions for weight management [1,2]. These interventions
have been tested on a range of digital platforms (eg, Web, text
messaging, mobile applications) and show promise in
overcoming some of the challenges inherent with traditional
weight loss interventions (eg, cost, reach, scale, expertise) [3].
Although intervention designs vary considerably, evidence
suggests that eHealth interventions can produce clinically
meaningful weight loss outcomes [2]. Such findings are
promising, particularly among racial/ethnic minority groups
who have high utilization of mobile and Web-based technologies
[4,5] and bear the most burden from obesity [6].

Most weight control interventions promote some form of
self-monitoring, usually recommending that participants provide
detailed reports of diet, physical activity, weight, or
obesity-related risk behaviors (eg, sugar sweetened beverages)
using paper diaries. Indeed, evidence indicates that
self-monitoring is highly predictive of weight loss success [7,8].
Despite its effectiveness, adherence to traditional paper-based
approaches declines over time [7,9].

eHealth approaches offer unique features that may help abate
the usual decline in self-monitoring adherence. eHealth
self-monitoring strategies (eg, Web-based dietary monitoring,
mobile applications with food diaries, activity trackers) are often
more portable, allow for more proximal reporting, can prompt
individuals based on timing, context, or participant progress,
and have the ability to provide immediate and tailored feedback
[10]. Furthermore, qualitative evidence indicates that
participants are more receptive to eHealth approaches compared
to paper-based methods [11,12]. Identifying effective eHealth
self-monitoring strategies that can further enhance adherence
is important because evidence consistently demonstrates that
the magnitude of behavior change in eHealth interventions is
largely dependent on the level of participant adherence or
engagement with the intervention [1].

Interactive voice response (IVR) is one such eHealth
self-monitoring approach. IVR allows participants to interact
with a computer system via outbound or inbound telephone
calls using the keypad or speech. Use of IVR is ubiquitous in
the wider consumer market (eg, used with telephone banking,
checking airline flight status, automated appointment reminders
with health systems, etc) and, given its widespread familiarity,
might be an effective way to collect self-monitoring data within
health interventions.

IVR has been used in a variety of clinical contexts as a means
of both delivering intervention content and collecting data
[13-17]. IVR may have a number of distinct advantages over
the use of other eHealth modalities [18]. It can be particularly

useful for low literacy populations [19]: the task of listening to
a voice prompt and responding with a simple numerical answer
may be far less cognitively and numerically demanding than
producing detailed reports of self-monitoring data (eg, caloric
intake or fat intake). IVR calls may also be less time-consuming
than other modalities for self-monitoring that might require
participants to keep a paper food diary, log on to an online
system, or conduct an extensive search for required numerical
data (eg, calorie intake) [20,21]. Additionally, IVR systems can
be used to provide dynamic and immediate feedback in response
to self-monitoring data. Indeed, a review of the evidence
suggests improvements in health outcomes with the use of IVR
for self-monitoring [17].

Despite the growing literature surrounding the use of IVR
technologies, limited evidence exists on the use and
effectiveness of IVR for weight control [22,23]. We sought to
examine the association between IVR self-monitoring and
weight change among socioeconomically disadvantaged black
women enrolled in the Shape Program (“Shape”). Shape was
an 18-month randomized controlled trial comparing an eHealth
weight gain prevention intervention to usual care among
overweight and class 1 obese black female primary care patients
[24]. Intervention participants self-monitored their behavior
change goals via weekly IVR phone calls. Findings from Shape
indicate that the intervention was successful in preventing
weight gain among intervention participants relative to those
receiving standard primary care [25]. At 12 months, a larger
proportion of intervention participants (62%) were at or below
their baseline weight, compared to those in usual care (45%;
P=.02). Similar findings were observed at 18 months [25]. In
the present analysis, we describe patterns of IVR self-monitoring
adherence over time, examine relevant predictors of adherence,
and explore the association between adherence and weight
change.

Methods

Study Design
The Shape Program design and methods have been detailed
elsewhere [24,25]. Starting in December 2009, participants were
recruited via mail from five community health centers operated
by Piedmont Health (PHS) in central North Carolina.
Participants were black women, aged 25 to 44 years, with a

body mass index (BMI) of 25-34.9 kg/m2. Following eligibility
screening, informed consent, and baseline measures, we
randomized participants (n=194) to either the Shape intervention
or usual care arm. All participants were re-evaluated at 6 and
12 months, with additional follow-up at 18 months post
randomization (Figure 1). Final assessments were completed
in October 2012. The relevant university and health system
review boards approved all study procedures.
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Figure 1. Participant enrollment and retention (CONSORT).

Intervention Description
The Shape intervention included five main components: (1)
behavior change goals known to promote weight change, (2)
self-monitoring of these goals via weekly IVR phone calls, (3)
tailored skills training materials, (4) monthly interpersonal
counseling calls with a PHS registered dietitian (“Shape coach”),
and (5) a 12-month YMCA membership. Usual care group
participants received routine standard of care from their
providers at PHS.

The intervention utilized the interactive obesity treatment
approach (iOTA), which has been extensively tested in previous
studies [23,26]. iOTA uses an algorithm to prescribe tailored,
evidence-based behavior change goals in order to create a
sufficient caloric deficit to produce weight change (eg, five or
more fruits and vegetables/day, no fast food, no sugar sweetened
beverages, walking 7000 steps/day). Participants do not
self-select which goals to track. Rather, participants are assigned
through the algorithm three behavior change goals from a library
of 21 goals based on their self-efficacy and readiness, and the
potential for the goal to produce a caloric deficit. For novelty
and to ensure that participants changed multiple behaviors, goals
were updated every two months based on the output from the
original algorithm.

Participants self-monitored these goals throughout the 12-month
intervention via weekly IVR phone calls. The IVR calls were

on average 2-4 minutes in duration. The IVR system called each
participant once a week at a predetermined time. If a participant
was not reached on the initial attempt, an extensive retry
protocol was put into place, with a maximum of 16 attempts
over two days. As shown in Figure 2, once the IVR system
made contact with the participant, it asked how many days this
past week they achieved each of their assigned behavioral goals
(eg, “this past week, how many days did you drink sugary
drinks?”). When relaying the self-monitoring data, participants
had the option to reference a paper-based goal-tracking sheet
that included daily reporting of these goals. For example, if a
participant’s goal was “no sugary drinks”, she might report in
her paper log each day whether or not she drank any sugary
drinks. At the end of the week, she summed the days she drank
any sugary drinks. The IVR questions were phrased in such a
way as to be concrete and dichotomous, making it easier to
remember goal achievement during the weekly calls (eg, “How
many days this week did you drink sugary drinks?”). Thus, the
paper log was considered optional. Participants were encouraged
to use the paper logs only as a means to help them relay the data
through the IVR system. However, the IVR system was designed
to be simple enough to use without the paper logs

After self-monitoring data was collected and stored in a study
database, brief tailored feedback and short skills training tips
were immediately provided. Based on goal performance, a score
was assigned to each goal (eg, if a participant reported drinking
sugary drinks zero days last week, she received a high score of
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2). An average goal attainment score across all behaviors
determined feedback messages, which were pulled from a
pre-determined set of feedback messages that were transferred
to voice files (eg, “Looking at all of your goals together,…”).
The algorithm included a component to prevent repeated
feedback messages within a set number of weeks.

Feedback messages (Figure 2) included a relative comparison
to the previous week’s self-monitoring data (eg, “...you did
better than last time—great job!” or “...you’re not doing quite
as well as you did last week. Let’s turn this slip around”) and
specific tips on how to boost performance (eg, “Think about
the things that you did on the day you met your goal and how

you can you do those things more often next week” or “You’re
doing great! Stick with it and you can get to 7 days next week”).
A sample call can be heard in Multimedia Appendix 1.
Messaging content was selected from a large library of feedback
messages from previous studies using the iOTA approach in
similar populations [23,26,27]. All IVR call logic was rigorously
tested and continuous quality control protocols were performed
to ensure fidelity to protocol. Adherence to IVR tracking was
also encouraged during the monthly coaching calls and
participants were aware that IVR data were relayed to the
coaches. The coaches had access to IVR completion rates for
each participant and provided feedback and counseling on
strategies to maintain weekly tracking.

Figure 2. IVR call logic.
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Measures

Self-Monitoring
The IVR system collected and stored response data to each of
the three goals, as well as data on call time and call length in a
study database. Self-monitoring adherence was calculated as
the proportion of intervention participants who successfully
completed IVR calls over the number of expected to complete
a call by study week. Calls were deemed successful once data
on each of the three goals were received. Some participants
(n=9) requested to suspend or stop intervention activities and/or
experienced technical problems with the IVR system. We will
assess self-monitoring adherence with and without these
participants. Although IVR was the primary self-monitoring
mode, participants were given the option to use paper logs daily.
At 12 months, participants self-reported via an online
questionnaire the average number of days per week they used
the paper log (ie, 5-7 days per week, 3-4 days per week, 1-2
days per week, or not at all). We also assessed perceptions about
IVR self-monitoring at 12 months using an online questionnaire.
Participants reported agreement via a 6-point Likert scale that
ranged from “strongly agree” to “strongly disagree” on various
statements assessing perceptions about IVR self-monitoring
(eg, the tracking calls made it easy for me to keep track of my
behaviors, the tracking calls were difficult to use, or I enjoyed
receiving the tracking calls).

Determinants of Adherence
We selected several relevant baseline sociodemographic
variables and psychosocial constructs that might predict
self-monitoring adherence based on behavior change theories
[28] and previous literature suggesting psychosocial variables
such as stress [29], perceived social support [30], and
self-efficacy [31] may impact engagement and outcomes in
weight control trials. Demographic variables such as age, marital
status, educational attainment (five categories: less than high
school, high school, vocational school, some college, or college
degree or more), employment, and income (US $30,000/year
or more vs less than US $30,000/year) were collected. The
8-item Patient Health Questionnaire assessed the presence of
depressive symptoms [32]. The 19-item subscale from the
Medical Outcomes Study (MOS-SSS) was utilized to assess
availability of social support. Four subscales were included:
emotional/informational, tangible, affectionate, and positive
social interaction [33]. A 16-item questionnaire that was used
in the CARDIA study was administered to measure frequency
of stressful life events [34]. The Marcus self-efficacy for
exercise questionnaire was used to assess confidence in one’s
ability to exercise when tired, in a bad mood, don’t have time,
on vacation, or when it is raining/snowing [35]. All measures
were administered via online questionnaires.

Given that the Shape coaches were able to view IVR call
patterns, coaching call completion was assessed as another
potential predictor. The monthly coaching calls were delivered
via a similar software system as the IVR calls. As a result, we
were able to capture start and end time of each call. We used
call duration data, along with coach documentation of topics
covered, as a proxy of completion. Coaching call completion

was operationalized as the actual number completed over the
number expected.

Anthropometrics
Study staff collected weight and height data at baseline, 6, and
12 months within study offices. Body weights were measured
to the nearest 0.1 kg using a portable electronic scale (Seca
Model 876) and heights were measured using a calibrated
wall-mounted stadiometer (Seca 214) [36].

Statistical Analyses
All analyses were conducted within the intervention group only
(n=91). Descriptive statistics were conducted to characterize
the sample and examine average IVR completion rate over the
12-month period. IVR adherence was dichotomized using a
median split (80% or more) to examine differences in outcomes
among high completers compared to those below the median.
Adherence was also analyzed as tertiles of successful weekly
IVR calls. We conducted bivariate analyses using t tests and
chi-square to examine potential predictors of average IVR
completion rate and categories of IVR completion. Pearson
correlations examined the relationship between weight and BMI
change and IVR call completion rate. ANOVA (analysis of
variance) analyzed differences in weight change and BMI
change among high and low IVR completers, tertiles of IVR
completion, and categories of IVR and paper log completion.
Last, given that participants were nested within health centers,
we tested the intraclass correlation (ICC) and did not find a
meaningful effect of the nested design (ICC=.07; 95% CI
0.01-0.38). Therefore, no further adjustment was required.

Results

Baseline Characteristics and Retention
Baseline characteristics and main outcomes have been reported
in detail elsewhere [24,25]. Briefly, participants reported at
baseline a mean age of 35.4 years (SD 5.5) and a mean BMI of

30.2 kg/m2 (SD 2.5). Most (71.4%, 130/182) were currently
employed with an annual income <US $30,000/year (74.3%,
136/183). The majority (79.7%, 145/182) had less than a college
degree. We retained 95.7% (177/185) of participants at 12- and
18-months post randomization (Figure 1) and there were no
statistically significant differences in attrition between groups.

Self-Monitoring Adherence
Figure 3 shows IVR adherence rates over time by study week.
Among all intervention participants (n=91), the average IVR
completion rate over 12 months was 71.6% (SD 28.1) with a
weekly range from 52% to 96%. Similar results are seen among
all attempted participants; this rate excludes participants at each
study week that may have requested to suspend or stop
intervention activities and/or experienced technical problems
with the IVR system (82/91 at week 52). A total of 52% (47/91)
of intervention participants had an IVR completion rate of 80%
or more, and two-thirds (66%, 60/91) completed at least 60%
of IVR calls. Throughout the 12-month period, 39% (20/52) of
IVR calls were completed on the first attempt and 78% (40/52)
of calls were completed by the third attempt. About half of
participants (49%, 41/83) self-reported using the paper tracking
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log at least 5 days each week in order to relay behavioral goal attainment to the weekly IVR calls.

Figure 3. Proportion of participants who completed IVR calls by study week.

Predictors of Adherence
Age and education were the only sociodemographic or
psychosocial variables that significantly predicted IVR
adherence. High IVR completers (≥80%) were older (P=.03)
and more educated (P=.003) than participants who completed
<80% of IVR calls. Similar findings were found when assessing
IVR call completion as a continuous variable (data not shown).
Intervention participants completed 82% (10/12) of counseling
calls during the 12-month intervention period. Coaching call
completion was highly correlated with IVR completion rate
(r=.77; P<.001). The percent of coaching calls completed was
also predictive of the odds of completing 80% of IVR calls.
Each 10% increase in coaching calls completed was associated
with almost three times the odds of completing 80% or more
of IVR calls (OR 2.57, 95% CI 1.59-4.26; P<.001).

Self-Monitoring Adherence and Weight Change
IVR call completion was significantly correlated with 12-month
weight loss (Spearman’s r=−.22; P=.04). Tables 1 and 2 show
the associations between specific thresholds of IVR adherence
and weight outcomes. At 12 months, participants with an IVR
completion rate of at least 80% had greater weight loss outcomes
compared to those with an IVR completion rate of less than
80% (mean difference −2.45 kg, 95% CI −4.37 to −0.54; P=.01).

We observed similar findings for 12-month change in BMI

(mean difference −0.94 kg/m2, 95% CI −1.64 to −0.24; P=.009).
Although differences in weight change by tertiles of IVR call
completion did not reach significance (Table 2), there were
significant differences in BMI change between those who
completed less than 60% of IVR calls and those who completed

at least 93% of IVR calls (mean difference −0.87 kg/m2, 95%
CI −1.73 to −0.01; P=.047). Similar results were seen when
comparing those who completed less than 60% to 60-93% call

completion (mean difference −0.88 kg/m2, 95% CI −1.76 to
−0.002; P=.049).

As determined by self-reported paper log use at 12 months, the
use of the paper logs did not enhance weight outcomes beyond
what was achieved by the use of IVR. Although it did not reach
statistical significance, at 12 months, participants with high IVR
completion (≥80%) and high self-reported paper log use (≥ 5
days per week) lost 1.94 kg (SE 1.2), while those with lower
IVR completion, but high self-reported paper log use gained

1.38 kg (SE 1.3) (mean difference −3.32 kg/m2, 95% CI −7.53
to 0.89; P=.17). Similar findings were seen when comparing
participants with high IVR completion, but low self-reported
paper log use [−2.04 kg (SE 0.76)] to those with lower IVR
completion and low tracking log use [0.30 kg (SE 0.86); mean

difference −2.34 kg/m2, 95% CI −6.35 to 1.67; P=.42].
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Table 1. Change in weight and body mass index by IVR call completion (n=91).a

Difference,

mean (95% CI)c

IVR ≥80%,

mean (SE)

(n=47)

IVR<80%,

mean (SE)

(n=44)

TimeAnthropometric
Changes

Change in weight, kg

−0.60 (−2.19 to 0.99)−1.16 (0.56)−0.56 (0.57)Month 6

−2.45 (−4.37 to −0.54)−1.97 (0.67)0.48 (0.69)Month 12

Change in body mass index b

−0.17 (−0.76 to 0.42)−0.34 (0.21)−0.17 (0.21)Month 6

−0.94 (−1.64 to −0.24)−0.70 (0.25)0.25 (0.25)Month 12

aDenominators vary because of missing data.
bCalculated as weight in kilograms divided by height in meters squared.
cConfidence intervals that do not contain zero have a P value <.05.

Table 2. Change in weight and body mass index by tertiles of IVR call completion (n=91).a

Difference between tertiles,

mean (95% CI)c

TimeAnthropometric
changes

Between 2nd and

3rd
Between 1st and

3rd
Between 1st and

2nd

Tertile 3 IVR
≥93%

(n=32)

Tertile 2

IVR 60-92%

(n=29)

Tertile 1
IVR<60%

(n=30)

Change in weight, kg, mean (SE)

0.81

(−1.14 to 2.75)

−0.23

(−2.16 to 1.69)

−1.04

(−3.01 to 0.94)

−0.69 (0.67)−1.50 (0.71)−0.46 (0.70)Month 6

−0.09

(−2.28 to 2.46)

−2.29

(−4.64 to 0.06)

−2.39

(−4.80 to 0.02)

−1.51 (0.82)−1.60 (0.87)0.78 (0.85)Month 12

Change in body mass index b , mean (SE)

0.28

(−0.44 to 1.01)

0.02

(−0.70 to 0.73)

−0.27

(−1.00 to 0.7)

−0.16 (0.25)−0.44 (0.26)−0.18 (0.26)Month 6

0.01

(−0.85 to 0.88)

−0.87

(−1.73 to −0.01)

−0.88

(−1.76 to −0.002)

−0.52 (0.30)−0.54 (0.32)0.35 (0.31)Month 12

aDenominators vary because of missing data.
bCalculated as weight in kilograms divided by height in meters squared.
cConfidence intervals that do not contain zero have a P value <.05.

Perceptions of IVR Self-Monitoring
Generally, Shape participants perceived IVR self-monitoring
positively. Most (89%, 73/82) agreed that the IVR calls made
it easy to self-monitor behavioral goals and 72% (59/82) strongly
disagreed that using IVR-based self-monitoring was difficult.
A majority (62%, 50/81) reported that the IVR calls were
enjoyable and more than half (56%, 46/82) reported that it was
easy to fit self-monitoring via IVR into their daily routine. Most
(83%, 67/81) reported that IVR self-monitoring made it easy
to share information with their Shape coaches; however, only
7% (6/83) said that they answered the IVR calls because they
knew the coaches would see their data. Rather, a majority of
participants (66%, 55/83) reported that the motivation for
answering the IVR calls was to stay on track with their
behavioral goals. Most (84%, 68/81) said weekly self-monitoring

via IVR was the appropriate frequency and 91% (73/80) reported
that the duration of the calls was just right.

Discussion

Principal Findings
We found high adherence to weekly IVR self-monitoring calls
among low-income black women enrolled in a weight gain
prevention intervention. Over the 12-month intervention, nearly
three-quarters were adherent to the self-monitoring protocol
and more than half of the women completed at least 80% of the
52 IVR calls. Adherence was higher for older, more educated
women. Although weight loss was unintended in this trial, we
found a positive relation between self-monitoring adherence
and weight change; those who completed at least 80% of calls
lost almost 2.5 kg more than those with lower adherence. We
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provided daily paper-based logs as an additional self-monitoring
option, but use of the paper-based approach did not enhance
IVR adherence or weight loss outcomes. Most participants
reported that IVR self-monitoring was easy, helpful, and fit into
their daily routine. Compliance with the monthly coaching calls
also helped enhance adherence to IVR self-monitoring. We
conclude that IVR self-monitoring is effective, produces high
adherence rates, and has the potential for greater sustainability
in a socioeconomically disadvantaged patient population.

Self-monitoring adherence is one of the strongest predictors of
weight outcomes [7]. eHealth approaches can enhance
self-monitoring adherence by reducing some of the barriers
typically associated with paper-based approaches; however,
adherence rates do vary by eHealth modality. Burke and
colleagues tested the use of a personal digital assistant (PDA)
with or without feedback compared to paper-based
self-monitoring within the context of a weight loss intervention
and found that less than half of participants remained adherent
to self-monitoring using PDAs, and only 30% remained adherent
to the paper-based approach at 6 months [37]. By 18 months,
rates of adherence decreased below 20% for all groups [9]. Tate
and colleagues found that adherence to a Web-based
self-monitoring food and exercise diary averaged around 50%
by the end of a 12-month intervention [38]. Despite the
portability and convenience of text messaging for
self-monitoring, adherence rates to text message self-monitoring
also average around 50-60% [39,40]. We found that IVR
self-monitoring produced higher adherence compared to these
other eHealth self-monitoring approaches and remains
significantly higher than paper-based methods. Given that high
adherence equates to better behavior change outcomes, IVR
may be more effective than other eHealth approaches; however,
comparative effectiveness studies are needed.

Our high adherence rates may be a result of the type of
self-monitoring and frequency of self-monitoring required in
addition to the mode through which participants’ monitored.
Most weight loss trials ask participants to keep a detailed daily
diary of complex aspects of dietary intake and exercise. This
requires participants to measure food and perform mathematical
functions such as counting calories or grams of fat. This can be
difficult to sustain for extended periods of time. Indeed,
adherence to these approaches declines over time [21]. Our
study, in contrast, asked participants to track weekly a limited
number (3) of discrete, simple behavior change goals associated
with weight loss (eg, eat 5 or more fruits and vegetables per
day, no sugary drinks, 10,000 steps/day) in order to achieve the
desired caloric deficit. Self-monitoring of specific behaviors
rather than detailed dietary records may be less burdensome
and therefore easier to continue over long periods of time. It
may also be easier to recall during brief weekly IVR calls. Given
our study design, it is not possible determine whether the mode,
frequency, or type of self-monitoring was driving the high
adherence rates.

This study is among the first to provide detailed evidence for
the utility of IVR self-monitoring for weight gain prevention.
To our knowledge, only two other studies [22,23] have utilized
IVR in a weight loss trial. Estabrooks and colleagues [22]
similarly found a 75% adherence rate in their 3-month weight

loss trial; although participants were only required to complete
12 calls, while our trial included 52 calls. Additionally,
participants in the Estabrooks et al study were predominantly
white (69%; 5% black) and more socioeconomically advantaged
than Shape participants [22]. Bennett and colleagues [23] also
utilized IVR as an intervention tool within a 24-month
randomized-controlled effectiveness trial among older, obese,
hypertensive patients with similar sociodemographic
characteristics to our study, although both males and females
were included. Intervention participants could choose to
self-monitor their progress on behavior change goals using
either IVR or a study website, with the majority of participants
(61%) choosing IVR. In terms of adherence, the IVR call
completion rates were similar to other eHealth modalities; on
average, 57% of IVR calls were completed at 12 months and
48% by 24 months [23]. Our higher adherence rates may be a
result of a number of methodological and sociodemographic
differences, such as age, comfort with technology, and the fact
that our study focused on weight gain prevention while the
Bennett et al study focused on achieving weight loss.

IVR has particular promise for socioeconomically disadvantaged
populations because it is telephone-based and does not rely on
Internet connectivity as is required for other eHealth approaches
(eg, Web-based, mobile tracking). These findings are important
as these populations, particularly black women, have the highest
prevalence of obesity compared to any other group [6], and
achieving clinically meaningful weight loss among low-income
black women, in particular, has been challenging [41]. Across
numerous studies, black women achieve smaller weight losses
compared to other groups [42]. It is not clear whether
self-monitoring adherence varies by race/ethnicity, as there
appear to be no studies in the literature that have examined
racial/ethnic disparities in adherence rates. One might suspect
that the poorer weight loss outcomes might be, in part, driven
by poorer adherence rates. We found that 50% of the sample
achieved greater than 80% IVR call completion, which was
associated with greater weight loss. Given these high rates of
adherence, IVR would appear indicated in future weight control
interventions that target these high-risk populations.

Strengths and Limitations
Our study is one of the first to examine the utility of IVR
technology for self-monitoring within a weight management
intervention. We examined self-monitoring adherence among
a population typically underrepresented in weight control
research and for whom obesity treatment is of clinical
importance. We had a long follow-up period and maintained
high adherence and retention throughout the 52-week
intervention. Furthermore, we tested a unique goal-oriented
self-monitoring approach for self-monitoring that is less
cumbersome compared to more traditional detailed monitoring.
This approach may be more effective and sustainable,
particularly for high-risk populations. Although we sustained
high adherence at 12 months, longer-term follow-up would help
determine the true sustainability of an IVR-based approach. Our
findings are conservative as we chose to report adherence rates
among all eligible intervention participants and not disaggregate
participants who experienced technical problems from those
who chose to stop intervention activities. Future research would
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benefit from a more detailed account of the potential causes of
low adherence. With the current study design, it is not clear
whether IVR self-monitoring is more effective than other
eHealth modes. Comparative effective studies are necessary to
determine the most effective approach for self-monitoring. Last,
this study examined the utility of IVR self-monitoring within
the context of a weight maintenance intervention among black
women in the primary care setting; thus, we cannot infer whether
IVR as the main self-monitoring strategy would be similarly
effective within the context of a weight loss intervention in
different populations and settings.

Conclusions
IVR technology is a promising goal-oriented self-monitoring
tool within weight control interventions, particularly for
high-risk populations. Using this technology produced adherence
rates that were higher than other eHealth approaches to
self-monitoring. It was also more favorably received than other
approaches to self-monitoring. Given the ubiquity of mobile
phones, particularly among racial/ethnic minority populations
[5,43], IVR can be a useful tool to promote self-monitoring and
facilitate intervention delivery.
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Abstract

Background: Nonadherence and medication errors are common among patients with complex drug regimens. Apps for
smartphones and tablets are effective for improving adherence, but they have not been tested in elderly patients with complex
chronic conditions and who typically have less experience with this type of technology.

Objective: The objective of this study was to design, implement, and evaluate a medication self-management app (called ALICE)
for elderly patients taking multiple medications with the intention of improving adherence and safe medication use.

Methods: A single-blind randomized controlled trial was conducted with a control and an experimental group (N=99) in Spain
in 2013. The characteristics of ALICE were specified based on the suggestions of 3 nominal groups with a total of 23 patients
and a focus group with 7 professionals. ALICE was designed for Android and iOS to allow for the personalization of prescriptions
and medical advice, showing images of each of the medications (the packaging and the medication itself) together with alerts
and multiple reminders for each alert. The randomly assigned patients in the control group received oral and written information
on the safe use of their medications and the patients in the experimental group used ALICE for 3 months. Pre and post measures
included rate of missed doses and medication errors reported by patients, scores from the 4-item Morisky Medication Adherence
Scale (MMAS-4), level of independence, self-perceived health status, and biochemical test results. In the experimental group,
data were collected on their previous experience with information and communication technologies, their rating of ALICE, and
their perception of the level of independence they had achieved. The intergroup intervention effects were calculated by univariate
linear models and ANOVA, with the pre to post intervention differences as the dependent variables.

Results: Data were obtained from 99 patients (48 and 51 in the control and experimental groups, respectively). Patients in the
experimental group obtained better MMAS-4 scores (P<.001) and reported fewer missed doses of medication (P=.02). ALICE
only helped to significantly reduce medication errors in patients with an initially higher rate of errors (P<.001). Patients with no
experience with information and communication technologies reported better adherence (P<.001), fewer missed doses (P<.001),
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and fewer medication errors (P=.02). The mean satisfaction score for ALICE was 8.5 out of 10. In all, 45 of 51 patients (88%)
felt that ALICE improved their independence in managing their medications.

Conclusions: The ALICE app improves adherence, helps reduce rates of forgetting and of medication errors, and increases
perceived independence in managing medication. Elderly patients with no previous experience with information and communication
technologies are capable of effectively using an app designed to help them take their medicine more safely.

Trial Registration: Clinicaltrials.gov NCT02071498; http://clinicaltrials.gov/ct2/show/NCT02071498 (Archived by WebCite
at http://www.webcitation.org/6OJjdHVhD).

(J Med Internet Res 2014;16(4):e99)   doi:10.2196/jmir.3269
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Introduction

Background
Chronic disorders are more common among elderly people. In
Spain, persons older than 65 years have 3 chronic conditions
on average [1]. As many as 94% take 5 or more drugs every
day [1,2] and more than half are under the care of more than
one doctor [3]. These rates are similar those found in other
countries [4,5].

Safe Medication Use Among Elderly Individuals
The complexity of treatment regimens can lead to an
accumulation of medications, confusion because medications
look similar (especially in the case of generic medications), and
a lack of coordination between the different levels of care.
Patients’ intrinsic factors (eg, cognitive impairment and false
beliefs regarding some drugs) have been also cited among the
most common causes of nonadherence [6] and of involuntary
errors related to taking medication at home [3] in Spain. Similar
patterns have been observed in other countries [7-13].

Nonadherence
Improving treatment adherence is a priority because
nonadherence to long-term treatments has a negative impact on
the health of patients and leads to unnecessary expenditures
[8,14,15]. The causes of nonadherence are multiple [16], but it
is known that as the complexity of medication regimens
increases, there is more likely to be unintentional nonadherence,
as observed in diabetes patients [17,18]. That is, nonadherence
may be intentional when patients chose not to take the medicines
as prescribed, but also unintentional when patients experience
difficulties taking the medications [19]. Among other reasons,
these difficulties are attributable to one-third of elderly patients
failing to assimilate the information required to continue
prescribed drug regimens correctly at home [20-23].

Patient Errors
Taking the wrong dose or the wrong medication accounts for
5% of hospital admissions [24]. In Spain, 35.8% of patients
with diabetes admitted to having committed 4 or more
medication errors in the previous year [12], and among those
who had had diabetes for longer, a higher rate of patients
reported drug interactions from taking together drugs that should
not be mixed [25]. Sakar et al [10] found that as many as 59%

of patients with type 2 diabetes made mistakes with the
self-administration of medications and 21% with diet.

The Current Study
The participation of patients in their own care [26,27] has been
shown to help improve use of drugs, for example, associating
medications with specific meals, writing notes on the packaging,
and using pillboxes [28,29]. Recently, with the growth in use
of tablets and smartphones, various interventions [30-32] have
been designed to improve adherence and it has been found that
such tools are effective and help to increase patient
independence [33].

Usage of apps for tablets and smartphones (eg, iOS, Android,
Windows Phone, and Blackberry OS) designed to improve
adherence has increased exponentially [34]. However, these
apps have various limitations [35,36]: they are conceived for
patients familiar with these technologies, they have not been
written for elderly patients (assuming that they would not benefit
from this type of tool), and in most cases, patients have not been
consulted about the design [37]. Few are available in Spanish
or in languages other than English, in general, reducing their
use among those who are not English speakers. Furthermore,
no studies have tested the effectiveness of these apps with the
elderly.

The objective of this study was to design, implement, and
evaluate a medication self-management app in Spanish for
elderly patients taking multiple medications by using tablets
(Android or iOS) to increase adherence to treatment regimens
and achieve safer use of drugs.

Methods

ALICE Design
A tablet-based medication self-management app (called ALICE)
was designed to help patients to remember to take all their
medications at the correct doses, distinguish between drugs to
avoid confusions, avoid known potential interactions and
common errors in use of the medications, and know how to
properly store the medications. ALICE was also designed to
remember doctors’ recommendations for healthy habits, such
as physical exercise and diet. The app design was based on
suggestions extracted from 3 nominal groups with a total of 23
patients and a focus group with 7 professionals (3 physicians
and 4 pharmacists). The guide with questions for patients and
professionals was drawn up considering the classification of
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medication errors in the study by Field et al [13] at the Meyers
Primary Care Institute in Massachusetts and previous research
by our group on patients’perception of safety and the frequency
and characteristics of patients’ medication errors [3].

Tablets Used
The tablet used was selected on the basis of the need for a device
with an at least 7-inch easy-to-use touch screen, ensuring that
users would only have to follow simple instructions and tap on
some icons on the screen. Specifically, the BQ Verne Plus 3G
with an liquid-crystal display (LCD) tactile screen was chosen
for an Android and an iPad 2 with Wi-Fi and 3G for the iOS.

ALICE Characteristics
The ALICE app was designed to work with personalized
prescriptions and recommendations given to patients, with a
function making it possible to store details of all their
prescriptions and related instructions, as well as images for each
of the medications (even allowing pictures to be taken of the
packaging or the appearance of the medication itself), and
recommendations of the various different doctors seeing the
same patient. A second function established a customized system
of alerts and reminders for a given alert, to remind patients when
to take their medications and to put into practice healthy habits,
using the approaches suggested by participants in the nominal
groups (eg, the association of the intake of medicines with
particular meals or daily activities, and various techniques for
splitting pills). Lastly, a third function was to enable monitoring
of the level of adherence to the prescriptions and medical advice,
the tablet connecting via a wireless or 3G network with the

study monitoring system, with the health care provider and with
a relative or caregiver when authorized by the patient (Figure
1).

When it is time to take a medication, an alarm sounds and the
patient accesses the main menu of the app. Displayed is the
name of the medication, dose, time, and any warnings of how
the patient should take the medication (if applicable). The patient
may consult his/her medication anytime. The medication usually
is associated with breakfast, lunch, snack, or dinner daily.
ALICE follows this normal use. The ALICE app reports
medications the patient must take in a day and reports medicines
that the patient has forgotten to take that day.

Once the tool was designed and before the experimental phase,
we assessed its feasibility, verifying that all the app
characteristics proposed in the previous phase were included in
the design process. For this purpose, 8 elderly patients assessed
the user-friendliness of the tool, its degree of intuitiveness,
whether the font was sufficiently large, the contrast of the text
and images, and the quality of the photographs. Identified
problems were the low volume of alerts and a proposal to
simplify the system for taking photos of drugs to include images
on ALICE. Both problems were solved.

The ALICE app has the following features: a user-friendly
interface to introduce text and images; various medication
reminder alerts and messages for patients, including sounds or
flashing and also messages sent to relatives or caregivers; and
a complete list for the caregivers of all prescriptions regardless
of the number of doctors involved including a summary of
patient adherence behavior.
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Figure 1. Example of a ALICE screen.

Study Design
To evaluate ALICE we opted for a single-blind experimental
design with 2 groups (control and experimental) and pre and
post assessments using a randomized controlled trial
(NCT02071498). Patients were randomly assigned to the control
or experimental group. The control group was composed of
participants who did not use ALICE, and the experimental group
was composed of people who used this tool for 3 months. To
maintain the blinding and be able to link the pre and post
measurements, patients were assigned codes based on their date
of birth and initials.

Patients Enrolled
We randomly selected 102 patients with a digital medical history
from 13 health centers in the health districts of Alicante and
Bilbao. We defined the following inclusion criteria for the study:
multimorbid patients taking multiple medications, older than
65 years, with a Barthel [38] score of more than 60, living in
their own home, and able to manage the administration of their
medication at home. The sample size was calculated to detect
a difference between means of at least 10 points with a statistical
power of 90% at a level of significance of alpha=.05 (in a
2-tailed test). We requested the informed consent of patients
from both control and experimental groups. This study was
approved and financed by the Spanish Ministry of Health,
Equality, and Social Policy. The Spanish Research Health

Agency (FIS), Independent Clinical Research, project number
EC11-527. The Experimental Research Ethics Committee of
Miguel Hernández University (DPS-JJM-003-11) approved the
trial.

Measures
All participating patients completed a questionnaire to assess
the rates of missed doses and of medication errors, and
adherence to treatment measured by the 4-item Morisky
Medication Adherence Scale (MMAS-4), as well as
self-perceived health status, the number of doctors seen, whether
they used a physical pillbox, and who organized their medication
(over the previous 3 months). Additionally, we recorded data
on the sociodemographic characteristics of participants, namely
sex, age, and civil status. Those in the control group received
oral and written information regarding the main risks related to
their medications and the most common errors of patients when
taking medications. Participants in the experimental group were
given a BQ tablet or an iPad with the ALICE app installed and
personalized according to the medications they had been
prescribed as listed in their medical record. Patients in this group
attended individual sessions of up to 2 hours to be shown how
to use the app. During the study period, patients from the
experimental group had a contact telephone number for any
query regarding the use of the tablet or the app.

Three months later, the measurements made preintervention
were repeated and extra information was collected regarding
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treatment adherence based on the data provided by ALICE
(post). Additionally, patients from the experimental group
answered a series of questions to ascertain whether they, prior
to the study, had experience with using tablets, smartphones,
mobile phones, and computers. They were also asked to evaluate
ALICE (its performance, functionality, usability, reliability,
acceptability, usefulness, design, simplicity, accessibility, and
problem-solving power, as well as overall satisfaction with the
tool), whether they would recommend the app to relatives,
friends, and acquaintances, and their perception of the degree
of independence they had achieved because of ALICE.

Statistical Analysis
To assess the effectiveness of ALICE, we built various
univariate linear models. Where there were intergroup
differences in preintervention measurements, we performed
univariate linear model and ANOVA tests, using as the
dependent variables the differences between the pre and post
intervention measurements in MMAS-4 scores, self-perceived
health status, levels of glycated hemoglobin (HbA1), low-density
lipoprotein (LDL) cholesterol, blood pressure, number of
medication errors, and missed doses related to medication
reported by patients. Allocation to the experimental or control
group was considered as the independent variable. In the
experimental group, we carried out Pearson correlation analysis
between MMAS-4 scores and treatment adherence assessed
objectively by the number of alerts that had not been
acknowledged or had been acknowledged late (data provided
by ALICE). Additionally, to allow for the potential effect of
the level of experience of patients with information and
communication technology (ICT), we compared the pre and
post intervention measurements in the experimental group
adjusting for the effect of familiarity with ICTs. We compared
the rating of ALICE by patients in the experimental group with
and without ICT experience by using the chi-square test and
their level of satisfaction with ALICE (on a scale of 0 to 10) by
using the Student t test. In all cases, we checked that the
assumptions of the statistical tests used were met. We considered
P<.05 to be statistically significant.

Results

Qualitative Study: ALICE Characteristics
According to the 23 patients and 7 health professionals that
participated in the qualitative research process, the design of
the ALICE app had to satisfy the following criteria: it needed
be easy to use, have sufficiently large font size, include
photographs of the medications, and offer a large variety of
alerts to be set to suit the preferences of patients with a menu
enabling patients to easily adjust the alerts to be associated with
their breakfast, lunch, dinner, and other meals and snacks, or
other daily activities occurring at regular times. For each alert,
it had to be possible to program up to 5 reminders and include
information to avoid confusion between medicines, and advice
on how to take the medication and how to store it properly. It
was important to include all the medications patients were on
regardless of the prescribing doctor and include automatic
reminders of other medical recommendations (eg, to do physical
exercise, including what type and for how long). Further, ALICE
had to record the level of treatment adherence, send short
message service (SMS) text messages to relatives or caregivers
if patients failed to adhere to treatments, and alert a monitoring
system in the event of a malfunction. Lastly, ALICE had to
provide information about all the medications taken by patients,
regardless of the number of prescribing doctors, and send reports
on medication alerts that were not acknowledged so that when
patients attended appointments, their doctors would know the
extent to which they were adhering to treatments prescribed.

Experimental Study: Participant Characteristics
This study was carried out between June 2012 and May 2013.
Data were obtained from 99 patients (48 and 51 in the control
and experimental groups, respectively). Three patients in the
control group declined to participate (Figure 2). The
characteristics of those who participated are summarized in
Table 1. A total of 72 of 99 patients (73%) took more than 5
types of drugs per day and 36 of 99 (36%) were under the care
of more than one doctor. In the experimental group, 22 of 51
(43%) had a computer and 19 of 51 (37%) had an Internet
connection at home, whereas 39 of 51 (76%) had a mobile phone
and 9 of 51 (18%) a smartphone. On the other hand, 28 of 51
individuals (55%) were not familiar with ICTs, having never
used a computer, tablet, or smartphone.
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Figure 2. Study flow diagram.
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Table 1. Description of patients in the experimental and control groups (N=99).

P a
Experimental

n=51

Control

n=48Demographic characteristics

.1670.9 (8)72.9 (6)Age (years), mean (SD)

Sex, n (%)

.5021 (41)23 (48)Women

30 (59)25 (52)Men

Civil status, n (%)

.101 (2)1 (2)Single

32 (63)39 (81)Married

14 (27)8 (17)Widowed

4 (8)0 (0)Divorced

Living arrangements, n (%)

.5612 (23)9 (19)Alone

39 (76)39 (81)With partner/relative

Who organized their medication, n (%)

.2947 (92)41 (85)Patient himself/herself

4 (8)7 (15)Partner/relative/caregiver

Self-perceived health status, n (%)

.642 (4)5 (10)Poor

17 (33)14 (29)Fair

28 (55)26 (54)Good

4 (8)3 (6)Excellent

Disorders b

.0643 (84)46 (96)Diabetes

.0915 (36)9 (20)Insulin-dependent patientsc

.664 (8)5 (10)Depression/anxiety

.6228 (55)24 (50)Hypercholesterolemia

.227 (14)3 (75)Benign prostatic hyperplasiad

.2838 (74)40 (83)High blood pressure

.6421 (41)22 (46)Other cardiovascular diseases

.519 (18)11 (23)Arthrosis

.486 (12)8 (89)Renal failure

.699 (18)10 (21)Chronic obstructive pulmonary disease

.044 (8)11 (23)Digestive disorders

.557.6 (3)7.9 (3)Number of drugs prescribed, mean (SD)

.992.3 (2)2.3 (1)Number of doctors involved, mean (SD)

aBased on the Pearson chi-square test or the Student t test for independent samples.
bPatients could have more than 1 disorder.
cPercentage calculated over the total number of patients with diabetes.
dPercentage calculated over the total of men in the sample.

Effects of ALICE
Patients from the experimental group reported greater treatment
adherence (measured using the MMAS-4) and a lower rate of

missed doses at the end of the study (Table 2). Specifically,
treatment adherence (measured by the scale scores) increased
by 28.3% and the rate of missed doses fell by 27.3%. On the
other hand, the univariate linear analysis of pre-post differences
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in the control and experimental groups indicated that ALICE
was not effective in reducing the rate of medication errors. For
this variable, we conducted ANOVA to control for the effect
of the difference in the rate of medication errors between the
experimental and control groups before the intervention. This
analysis indicated that ALICE did help to reduce the medication
errors, but only in patients who had recognized that they had
made 2 or more errors before the study (Table 2). Among these
patients, the rate of medication errors fell by 41.2% compared
to before the study.

The patients in the control and experimental groups had similar
levels of glycated hemoglobin and blood pressure and similar

self-perceived health status before and after the study. However,
the pre-post measurements of cholesterol were statistically
different; levels increased by 5% compared to before the study
(Table 2).

A total of 31,383 medication alerts were programmed. Between
Monday and Sunday, 3293 (10.49%) alerts were not been dealt
with and 2978 (9.49%) were dealt with after the first reminder.
The Pearson correlation coefficient between the number of alerts
that were not dealt with and the MMAS-4 score was .3 (P=.04).
This result showed the positive and significant relationship
between the adherence of the MMAS-4 and the information
provided by ALICE on the level of patient compliance.

Table 2. The 4-item Morisky Medication Adherence Scale (MMAS-4) scores and rates of missed doses and medication errors reported by patients in
the control and experimental groups.

Between-group
difference, P

Effect
size Δ

Pre-post differenceExperimental group (n=51)Control group

(n=48)

Measures

ANO-
VAULMa

Experimen-
talControlPostPrePostPre

—<.0010.70.80.17.4 (0.9)6.6 (1.2)7.3 (0.7)7.2 (0.9)MMAS-4, mean (SD)

—.541.23.30.974.6 (17)71.27 (17)69.1 (20)68.3 (21)Self-perceived health status, n (%)

—.360.40.3–0.47.4 (2.7)7.1 (1.4)6.7 (1.4)7.1 (1.1)Glycated hemoglobin (mmol/mol),
mean (SD)

—.0412.25.7–3.5112.7 (45.8)107.0 (29.8)101.9 (28.1)105.4 (29.9)Cholesterol (mg/dL), mean (SD)

Blood pressure (mm Hg), mean (SD)

—.890.21.70.870.6 (8.8)72.3 (10)76.6 (11.2)75.8 (10.5)Diastolic

—.282.62.33.2128.6 (20.9)130.9 (15)140.5 (14.6)137.3 (12.4)Systolic

—.210.2–0.10.0Medication errors, b n (%)

43 (84)38 (74)43 (90)42 (87)0

.95c6 (12)9 (18)3 (6)6 (12)1

<.0012 (4)4 (8)2 (4)0 (0)2

—.020.5–0.30.2Number of missed doses, n (%)

27 (53)18 (35)20 (42)28 (58)0

16 (31)21 (41)17 (35)12 (25)1

5 (10)8 (16)9 (19)6 (12)2

3 (6)4 (8)2 (4)0 (0)≥3

aULM: univariate linear model.
bWrong drug taken (attributed to confusion between drugs that appear similar) or incorrect doses.
cFor the subgroup of 0 or 1 medication errors reported at the first assessment.

Experience With Information and Communication
Technology
Patients from the experimental group who were not familiar
with ICTs obtained higher MMAS-4 scores and reported fewer

medication errors and missed doses after the intervention (Table
3). The pattern was similar in patients from the experimental
group who had experience with ICTs, except that there was not
a significant reduction in the number of missed doses.
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Table 3. Influence of ALICE and patients’ previous experience with information and communication technology (ICT) in the experimental group
(n=51).

No ICT experience (n=28)Some ICT experience (n=23)Measures

P aPostPreP aPostPre

<.0017.2 (1.0)6.6 (1.1).017.4 (0.8)6.6 (1.4)Morisky Medication Adherence Scale,
mean (SD)

Medication errors, b n (%)

24 (86)20 (71)19 (83)18 (78)0

3 (11)6 (21)3 (13)3 (13)1

.021 (4)2 (7).011 (4)2 (9)2

Missed doses reported by patients, n (%)

13 (46)9 (32)14 (61)9 (39)0

10 (36)12 (43)6 (26)9 (39)1

<.0013 (11)4 (14).142 (9)4 (17)2

3 (7)3 (11)1 (4)1 (4)≥3

aBased on the Wilcoxon test for paired samples (MMAS-4) or differences based on phi and Cramer’s V (medication errors and missed doses).
bWrong drug taken (attributed to confusion between drugs that appear similar) or incorrect errors.

ALICE Functioning
More than half of the patients from the experimental group
(30/51, 59%) required individual support once they joined the

study to solve problems related to the use of ALICE. Most of
these (9/29, 31%) concerned charging the battery and restarting
the system (Table 4).

Table 4. Patient assessment of the ALICE functioning.

n (%)Patient report

Has the tablet worked?

21 (41)Yes, it has consistently worked well from the beginning

29 (57)Yes, though I have had some problems

1 (2)No, it has consistently failed to work

In the event that it has failed to work, what was the problem?

6 (21)It kept turning off

10 (34)The alert didn’t trigger

1 (3)The sound was poor

3 (10)The battery ran down very quickly

5 (17)It froze and/or crashed

4 (14)Other

Was the problem solved quickly and effectively?

1 (3)No, the problem was not solved

28 (96)Yes, the problem was always solved

Participant Satisfaction and Medication
Self-Management
The level of satisfaction with ALICE (in the experimental group)
was similar in those with some and with no previous ICT
experience (Table 5). The mean scores were more than 8 out of

a maximum of 10. More than half of the patients in the
experimental group (30/51, 59%) reported that the ALICE app
improved their medication use. Another 15 (29.4%) considered
that ALICE helped to a certain extent, whereas 6 patients
(11.8%) indicated that ALICE did not help at all (Table 5).

J Med Internet Res 2014 | vol. 16 | iss. 4 | e99 | p.122http://www.jmir.org/2014/4/e99/
(page number not for citation purposes)

Mira et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 5. Patient satisfaction with ALICE app.

P a
Total

N=51

No ICT experience

n=28

Some ICT experience

n=23ALICE satisfaction

Patient report, n (%)

—51 (100)28 (100)23 (100)I like the design of the messages and alerts in
ALICE

—51 (100)28 (100)23 (100)The photos of the pills/capsule help me take
the correct drug

.3650 (98)27 (96)23 (100)The font size is sufficiently large

.3650 (98)27 (96)23 (100)The photos of the medication packaging help
me take my medication correctly

.2749 (98)27 (100)22 (96)The instructions for using ALICE have been
clear, correct and complete

.5348 (94)27 (96)21 (91)ALICE is easy to use and manage

.1345 (88)27 (96)18 (78)It is sufficiently large to see the screen well

.2845 (88)24 (86)21 (91)It is easy to tap on the correct icon with my
finger

.4644 (86)24 (86)20 (87)In general, it is easy to operate with my finger

.2742 (82)22 (79)20 (87)The audio alerts are loud enough

.268.5 (1.4)8.7 (1.4)8.3 (1.4)Overall satisfaction with ALICE, mean (SD)

aBased on the chi-square test t test for unpaired samples (overall satisfaction).

Discussion

Principal Results
Treatment adherence was higher in patients in the experimental
group than in the control group. It is important to highlight that
the ALICE app helped to solve a common problem in elderly
patients; namely, remembering whether they have taken their
medication. By using ALICE, the number of errors decreased,
although the patients who benefited in this respect were those
who previously made the most errors. Our data suggest that
ALICE does contribute to reducing systematic errors, but not
all medication errors.

The self-perceived health status, levels of glycated hemoglobin,
and blood pressure remained similar from the beginning to the
end of the study, and although cholesterol levels increased, the
changes were not clinically relevant. That is, ALICE did not
improve the clinical status of patients; however, 3 months may
not be long enough to observe differences. It did, however,
improve patients’ perception of independence in the
management of their medications.

Elderly patients with complex drug regimens, even those without
previous experience in the use of tablets, smartphones, and
computers, or who had never used the Internet, were found to
be capable of effectively using an app designed to improve safe
medication use. ALICE was designed to cope with attrition of
users using these devices. ALICE was used daily and only 1
patient left the study because of a problem with the tablet and
not with ALICE.

Comparison With Previous Studies
This is one of the few experimental studies assessing the
effectiveness of a virtual pillbox for tablets and smartphones
targeted to elderly patients with multiple health problems. The
design of ALICE took into account the findings of other studies,
but was based on the views and preferences of the target patients
and the experience of the primary care and pharmacy personnel
caring for them. The suggestion to assess the usability during
the development of this intervention was also applied [39]. This
approach to designing an app has not been widely implemented,
but it has been proposed in other studies focused on developing
such tools. Indeed, this development process gave rise to one
of its strengths, the fact that it can be adapted to the habits,
timetables, and lifestyles of each patient as suggested by Tatara
et al [37]. In adherence studies, the personalization of tools has
not been widely considered and our results underline the
importance of the participation of patients and professionals in
the design of applications.

Traditional pillboxes improve treatment adherence, but are only
useful in the case of solid dosage medications [40]. Further,
although they help with the organization of medications at home,
elderly patients may find it difficult to put their pills into the
compartments [41]. One study found that approximately 22%
of patients were unable to effectively use physical pillboxes
[42]. It might be possible to overcome these limitations by using
a virtual pillbox for tablets and smartphones.

The level of adherence, assessed in 3 different ways (direct
reporting, MMAS-4 scores, and statistics from ALICE on
unacknowledged alerts), was good in all cases compared to the
mean nonadherence figures reported for chronic patients in
general [19] (approximately 50%), being slightly higher in
patients with diabetes, which was one of the most common
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diseases in our study population, and was slightly lower than
in another study of a pillbox for smartphones that obtained
adherence of 36%. Similar to other studies, ALICE showed
capacity to modify the behavior of adult patients increasing
adherence to the therapeutic regimen and reducing medication
errors in some cases [43].

Relevance of This Study
ALICE-like apps make it possible to provide information that
contributes to safer use of drugs by tuning in to the needs of
specific patients, for example, by including advice and
preventive measures that the doctors involved consider the most
appropriate (given the medication dose or timings). Further,
they can be adapted to the habits and lifestyle of patients, to
make it easier and simpler for them to take their medication
because it is known that these factors are the main cause of
nonadherence. These issues have been taken into account in the
design of ALICE and it seems this app does have a beneficial
effect on the level of adherence and patients perceive that it
improves the way they take their medication.

Rates of medication errors are particularly high in patients on
multiple medications [11,12,27]. One of the objectives when
designing ALICE was to reduce medication errors among elderly
patients with multimorbidity by providing a tool that they could
use themselves. This objective is particularly important from a
clinical point of view in the target population. Field et al [13]
found that most medication errors made by patients concerned
oral hypoglycemic agents (29%) and more than one-third (36%)
of our patients were on this type of drug. However, this objective
was only partly achieved.

Limitations
The small number of participants and the number of months
using ALICE affected our ability to detect differences between
the group using the ALICE app and the control group (eg, in
relation to biomarkers) as well as our ability to generalize the
results. This type of app does not address the issue of where to
store medication at home to have it accessible when it should
be taken. The data collected do not include details about the
number of drugs to be taken daily. No count was made of pills
nor did we use any other system to check if patients actually
took any medication after acknowledging the alert. Further, we
cannot be sure that they took the correct dose or even the correct

drug. We do not know whether ALICE would continue to be
effective in the longer term. This is important because a notable
reason patients cite for stopping taking medications is the feeling
that they are not working for them. There is some evidence that
the MMAS-4 overestimates adherence, yielding higher rates
than those obtained from pill counts. This study did not consider
medication reconciliation. In some cases, if there has been
inappropriate prescribing, following treatment regimens could
pose a risk. This app only addresses unintentional nonadherence.
In the event of a patient being reluctant or opposed to taking a
certain medicine [44] (this known to affect approximately 43%
of cases), this type of tool might be useful for its educational
features, but exploring this issue is beyond the scope of this
study.

Recommendations for Practice and Research
Most apps have been designed for patients with less complex
health problems and/or experience with ICTs. This study should
change the expectations of developers and mobile phone
companies, encouraging them to develop apps and devices suited
to older patients with multimorbidity who are normally excluded
from studies thought to be too complex because such tools could
improve the capacity of these individuals to manage their
illnesses.

Glucose monitors and other devices currently in use in
telemedicine programs could have add-ons to help individual
patients use their medications more safely. Such devices should
not only include alerts for medicines, but also reminders of how
to put advice on healthy habits into practice.

Further studies on virtual pillboxes for tablets and smartphones
could explore whether adherence can be improved by
personalization of treatment regimens as suggested by other
authors [45]. Specifically, future research should assess to what
extent these tools are useful for older individuals living alone,
a situation that is expected to be the reality for a growing number
of patients in the near future.

ALICE and other similar apps have a broad potential not only
for patients, but also for professionals because they can provide
useful information about how patients adapt the therapeutic
regimen to their lifestyle. Future studies could explore how to
improve physician recommendations to increase adherence to
treatment based on personalized information.
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Abstract

Biomedicine is undergoing a revolution driven by high throughput and connective computing that is transforming medical research
and practice. Using oncology as an example, the speed and capacity of genomic sequencing technologies is advancing the utility
of individual genetic profiles for anticipating risk and targeting therapeutics. The goal is to enable an era of “P4” medicine that
will become increasingly more predictive, personalized, preemptive, and participative over time. This vision hinges on leveraging
potentially innovative and disruptive technologies in medicine to accelerate discovery and to reorient clinical practice for
patient-centered care. Based on a panel discussion at the Medicine 2.0 conference in Boston with representatives from the National
Cancer Institute, Moffitt Cancer Center, and Stanford University School of Medicine, this paper explores how emerging
sociotechnical frameworks, informatics platforms, and health-related policy can be used to encourage data liquidity and innovation.
This builds on the Institute of Medicine’s vision for a “rapid learning health care system” to enable an open source, population-based
approach to cancer prevention and control.

(J Med Internet Res 2014;16(4):e101)   doi:10.2196/jmir.2496
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biomedical research; crowdsourcing; health information technology; innovation; precision medicine

Introduction

Biomedicine is undergoing a revolution driven by innovation
in high throughput and connective computing [1,2], big data
[3,4], and evolving models of individual and population care
[5,6]. Emerging informatics technologies and platforms are
being used to combine molecular, clinical, and population data
to better anticipate risk, target therapeutics, and manage care
for cancer and other diseases [6,7]. Based on a panel discussion
at the 2012 Medicine 2.0 conference (5th World Congress on
Social Media, Mobile Apps, and Internet/Web 2.0 in Health
and Medicine) at the Harvard Medical School conference center
in Boston with representatives from the National Cancer Institute
(NCI), Moffitt Cancer Center (MCC), and Stanford University

School of Medicine, this paper explores how emerging
technologies and innovative care models that build on the
concepts of “P4” medicine (ie, predictive, personalized,
preemptive, and participatory) [8] and the learning health care
system [9] can help enable an open source, population-based
approach to cancer prevention and control.

P4 Medicine and the Learning Health
System

The growing speed and capacity of genomic sequencing
technologies are advancing the utility of individual genetic
profiles for anticipating risk and targeting therapeutics for cancer
[10]. Combining the digital revolution with genomics and other
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“omics” fields, the term P4 medicine implies a systems approach
to biology and medicine that brings together molecular
immunology, advanced computation, biotechnology, and
genomics, among other fields [8]. Standing for predictive
profiles of risk, preventive clinical and wellness systems,
personalized medicine, and participative research and practice,
proponents of P4 medicine extend its purview beyond genomics
to include multiple data vectors such as longitudinal molecular,
cellular, and phenotypic data for predicting disease progression
and targeting intervention [11]. Thus, P4 medicine is predicated
on the notion that individual disease and broader notions of
health and wellness can be quantified with advanced
computation and informatics through systems approaches to
decipher the inherent complexity of billions of data points
surrounding patients in the future.

P4 medicine can be viewed in conjunction with the Institute of
Medicine’s (IOM) concept of a learning health system, which
simultaneously links effective, efficient clinical health care to
the biomedical research enterprise [12]. As presented in a draft
proposal at the IOM National Cancer Policy Forum, the notion
of a rapid learning health system for cancer utilizes basic
translational, comparative effectiveness, and health services
research synchronized with optimal delivery of precision care.
This model of research and practice is based on two elements:
(1) a sufficiently advanced digital health infrastructure that can
fully utilize the phenomenon of (2) data liquidity, defined as
“the rapid, seamless, secure exchange of useful, standards-based
information among authorized individual and institutional
senders and recipients” [13].

Both of these innovative approaches to health research and
practice—P4 medicine and the learning health system—require
robust technology infrastructure and data liquidity to realize the
ambitious aim of transforming biomedicine for cancer and other
diseases. Moreover, in presenting the rapid learning health
system framework for cancer research and practice, members
of the National Cancer Policy Forum’s planning committee
identified five challenges to developing a learning health system
for cancer that are also directly relevant to the realization of P4
medicine: (1) data collection (eg, data accuracy, timeliness, and
completeness), (2) incentivizing data-sharing, (3) data standards,
harmonization, and computation, (4) meaningful use of health
IT, and (5) the central role of government entities such as the
National Institutes of Health (NIH), the Food and Drug
Administration, and the Centers for Medicare and Medicaid
Services [13].

One example of a rapid learning health care system that is
currently being implemented for oncology is the American
Society of Clinical Oncology’s Cancer Learning Intelligence
Network for Quality (CancerLinQ) system [14]. CancerLinQ
is designed to address the growing challenge of managing the
deluge of data emerging from precision medicine for cancer
care. The system incorporates data from researchers, providers,
and patients in order to continually improve comprehensive
clinical algorithms reflecting preferred care at a series of
decision nodes for clinical decision support.

“P5 Medicine”: A Population Approach to
Transforming Biomedicine

Adding both promise and complexity to the previously described
frameworks of modern care, proponents of the public health

sciences assert that a 5th P standing for a population perspective
is needed to realize the full potential of P4 medicine [15].
Limited by a primary focus on individual health, the P4 approach
to biomedicine can be augmented as follows:

• Predictive: Predicting health using systems biologic and
phenotypic information augmented with the ecological
model of health to account for multilevel determinants of
health and life-course approaches.

• Preventive: Early disease detection and prevention also
incorporate population screening principles to assess
benefits, harm, and costs of primary prevention.

• Personalized: Targeted therapeutics and diagnostics
enhanced by principles of evidence-based medicine using
formal analytic frameworks for comparative effectiveness.

• Participatory: Engaging patients, providers, and systems
including the public health enterprise (eg, policy
development, regulatory science, implementation, and
health services research).

In addition to the rapid learning health system approach, which
incorporates notions of translational, comparative effectiveness
and health services research, adding a population focus to P4
medicine explicitly addresses broader, structural issues such as
costs and potential for harm that result in greater social,
economic, and health disparities. Population science also helps
focus on the need for enhanced population level interventions
(such as education, employment, and roads) in addition to
individual level interventions to improve health and prevent
disease [15].

One innovative example of an effort incorporating a P5 approach
to cancer biomedicine can be found in the Moffitt Cancer
Center’s Total Cancer Care (TCC) proposal for a new federated
model for research and health care [16]. Based on a robust
informatics platform allowing for real-time integration and
analysis of disparate multilevel data, the TCC builds on the
rapid learning health system model by incorporating
development of “secondary use” of data including comparative
effectiveness research. Perhaps equally important, TCC proposes
a shared governance approach with a federated data model
designed to promote team science, data liquidity, and access to
the disparate data sources that are essential for effective
transformation of the biomedical enterprise [17].

Crowdsourcing Science and the Future
of Biomedicine

Scaling the biomedical research enterprise to tackle cancer and
other diseases with unknown therapeutics and unclear
diagnostics will require recruiting new communities of
investigators such as those in engineering and computational
disciplines, often earlier in their careers. In addition to exploring
new models of cancer research and practice, the Medicine 2.0
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conference panel also delved into how big data, emerging
technologies, and commoditized access to sophisticated wet lab
tools and computational methods can spark scientific innovation
in basic and applied research. Individuals have greater access
to potentially disruptive technologies in medicine to accelerate
basic discovery science and reorient clinical practice for
patient-centered care. Publically available molecular
measurements can be used to discover novel biomarkers of
disease [18] and can be used to find novel uses for existing
therapeutics [19,20]. One example of individuals addressing
big data challenges is in the field of computational
immunogenics, where a challenge sponsored by Harvard
Medical School was used to crowdsource solutions that
significantly outperformed leading academic efforts [21]. Such
immunology datasets, including clinical trials, are available at
the National Institute of Allergy and Infectious Diseases
ImmPort website for professionals and students.

On a policy level, examples such as the federal Open
Government Initiative, the America COMPETES Act, and NIH
requirements for data sharing in grant proposals, combined with
public and private sector initiatives by donors, journals, and
foundations, have led to unprecedented amounts of data being
available for secondary research. Two examples include the
Data.gov platform, which enables public access to “nearly
450,000 datasets…across 172 federal agencies” [22], and the
availability of one million gene expression microarray
measurements for research [23].

In addition to greater availability of data, public and private
entities are leveraging prize and challenge mechanisms to
accelerate innovation with health-related data. Biomedically
related open innovation challenges such as these often involve
the release of data first, with the expectation that the “winner”
of the challenge is awarded a prize. This is the reverse of the
typical grant funding mechanism, with money given first,
potentially followed by results [24]. In the cancer arena, NCI

and the Office of the National Coordinator for Health
Information Technology (ONC) have had success in combining
open innovation challenges with the federal Small Business
Innovation Research (SBIR) grant program to support the
evaluation and dissemination of evidence-based applications
for cancer prevention and control [25,26]. For these agencies,
the federal prize and challenge mechanism has provided a
high-value approach to addressing their core agency missions
through building a new ecosystem of developers, entrepreneurs,
and scientists who can innovate for cancer control and public
health. The most recent ONC and NCI challenge competition,
focusing on technology innovation for cancer survivors, expands
the Department of Health and Human Services innovation
portfolio by incorporating crowdfunding to potentially enhance
engagement and market validation of submitted innovations
with consumer audiences [27].

Conclusions

In many respects, cancer is the prototypical workspace for
applying new models of scientific discovery and medical
practice. The story of cancer is a story of how the body’s
complex coding systems go awry through the creation of
self-perpetuating errors in cellular replication and growth.
Fortunately, advances in genetic sequencing technologies, high
throughput data architectures, massively networked public and
scientific communities, and the wide availability of sophisticated
wet lab tools may be sparking the innovation in “open source”
science needed to accelerate progress against the disease. As
one panel member put it, “individuals in garages and dorm
rooms have greater access to potentially disruptive technologies
in medicine than the most well-resourced scientists of the last
decade.” This exciting era of distributed and open source science
holds great potential for accelerating basic discovery and
reorienting clinical practice for patient-centered care and
population health.
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Abstract

Background: Health promotion interventions on social networking sites can communicate individually tailored content to a
large audience. User-generated content helps to maximize engagement, but health promotion websites have had variable success
in supporting user engagement.

Objective: The aim of our study was to examine which elements of moderator and participant behavior stimulated and maintained
interaction with a sexual health promotion site on Facebook.

Methods: We examined the pattern and content of posts on a Facebook page. Google analytics was used to describe the number
of people using the page and viewing patterns. A qualitative, thematic approach was used to analyze content.

Results: During the study period (January 18, 2010, to June 27, 2010), 576 users interacted 888 times with the site through 508
posts and 380 comments with 93% of content generated by users. The user-generated conversation continued while new participants
were driven to the site by advertising, but interaction with the site ceased rapidly after the advertising stopped. Conversations
covered key issues on chlamydia and chlamydia testing. Users endorsed testing, celebrated their negative results, and modified
and questioned key messages. There was variation in user approach to the site from sharing of personal experience and requesting
help to joking about sexually transmitted infection. The moderator voice was reactive, unengaged, tolerant, simplistic, and was
professional in tone. There was no change in the moderator approach throughout the period studied.

Conclusions: Our findings suggest this health promotion site provided a space for single user posts but not a self-sustaining
conversation. Possible explanations for this include little new content from the moderator, a definition of content too narrow to
hold the interest of participants, and limited responsiveness to user needs. Implications for health promotion practice include the
need to consider a life cycle approach to online community development for health promotion and the need for a developing
moderator strategy to reflect this. This strategy should reflect two facets of moderation for online health promotion interventions:
(1) unengaged and professional oversight to provide a safe space for discussion and to maintain information quality, and (2) a
more engaged and interactive presence designed to maintain interest that generates new material for discussion and is responsive
to user requests.

(J Med Internet Res 2014;16(4):e108)   doi:10.2196/jmir.3231
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Introduction

Background
Health promotion interventions on social networking sites (SNS)
harness user-generated content and the power of networks to
improve health [1]. They reach large numbers of people and
have the capacity to communicate tailored messages quickly
[2]. Stimulating user-generated content is important to the
success of this approach because interactivity influences reach
with new participants joining the conversation as they observe
the activity of their online friends [3]. Observing or participating
in such conversations shares information on the beliefs and
experience of peers, an important influence on behavior [4],
and interaction with health promotion information,
(commenting, challenging, modifying) facilitates engagement
with this material and therefore learning from it [5].
User-generated content personalizes generic health promotion
messages and adapts them for specific populations, increasing
their relevance to new audiences [6].

Although user-generated content has important advantages, it
may also lead to widespread sharing of poor quality information
and material that is offensive to individuals or groups [6,7]. As
sharing of personal experience is an integral part of online
community activity, SNS health promotion interventions carry
risks for participants. These risks are potentially high where
they involve sharing of sexual health information between young
people [8], and interventions of this sort require careful
moderation to prevent harmful activity.

Although the interactivity of SNS health promotion interventions
is an important element of their capacity to deliver health
promotion messages, they have been variably successful in
stimulating and/or supporting user-generated content and many
remain inactive [9]. Levels of interactivity are likely to reflect
individual or group motivations for engaging with the site, the
technology required to access it, the relationships formed within
the group, and the structures for interaction including the
presence of a moderator and moderator behavior [10-12]. The
role of the moderator in health promotion campaigns on SNS
are not fully understood [13], with a perceived trade-off being
between encouraging activity and retaining control of content.

A recent systematic review of the use of SNS for health
promotion identified a lack of evidence on effective approaches
to stimulating interaction [9]. Although there is significant
literature on interactions within online communities, particularly
those that are business oriented, there is less research in relation
to health promotion interventions.

The key metrics to understand interactions on social networking
sites are the number of posts and their content [12]. To
understand the factors that facilitate interaction on SNS for
health promotion, we looked at the volume, pattern, and content
of interaction within a national health promotion campaign
using the SNS site, Facebook. The health campaign, “Say Yes
to the Test”, aimed to encourage testing for genital chlamydia
infection among young people in England between January and
June 2010 by generating discussion on chlamydia and chlamydia
testing. The SNS page was one element of a larger multimedia

campaign by the English Department of Health and the Health
Protection Agency (now Public Health England) entitled “Sex
Worth Talking About”.

We collected quantitative data on the volume of interaction and
qualitative data on its content. We sought to identify and study
what stimulated and maintained interaction on this
Facebook-based sexual health promotion campaign with
particular attention to the role of the moderator in stimulating
interaction and the role of users in modifying messages. Our
research question was “What elements of moderator and
participant behavior stimulated and maintained interaction with
a sexual health promotion site on Facebook?”

Setting and Approach
Chlamydia trachomatis is the most commonly diagnosed
bacterial sexually transmitted infection in the United Kingdom.
The prevalence is highest among young people aged 15-24 and
infection is usually asymptomatic [14]. The English National
Chlamydia Screening Programme aims to offer all sexually
active young people under the age of 25 years testing for this
infection annually or on change of sexual partner [15].

The “Chlamydia Worth Talking About” strand of the “Sex
Worth Talking About” Campaign was a multimedia campaign
launched in January 2010 that aimed to encourage (1) open
discussion about chlamydia and (2) acceptance of a chlamydia
test when offered by a health professional.

The campaign included television, radio, and billboard
advertisements and a Facebook page that encouraged discussion
about chlamydia testing, entitled “Say Yes to the Test”. The
Facebook site was promoted via a separate digital media
strategy. The target audience for the campaign was young people
(male and female) in England aged 15-24 years. Advertisements
(traffic drivers) placed on sites used by young people suggested
either that chlamydia “knew” someone they knew or that it had
“poked” them. It was anticipated that curiosity arising from
these ads would cause the user to click on them. The welcome
page for the health promotion intervention offered options to
become a fan of the page and post comments on the “comment
wall”. This gave users the opportunity to affirm their positive
attitude among their own friends, spreading the word and
encouraging conversations.

The moderation style employed on the “Say Yes to the Test”
site was non-interventionist. Only comments that were
completely unrelated to sexual health or that were directly
offensive were removed. Factually incorrect comments were
left on the site giving the peer group opportunity to respond
before the moderation team intervened.

Facebook Environment
A Facebook community page is organized around a publically
displayed wall where new content (messages, media, or links)
can be added by the owner (or moderator) and other Facebook
users [16]. Any form of interaction, whether liking or posting
content, can be seen on the user’s newsfeed. This may be shared
automatically with people within their network depending on
the level of interaction that they have specified with the other
user [17].
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Methods

The literature on online communities suggests that the key
metrics for evaluation of this type of intervention are the volume
of member contributions and the quality of the online
relationships formed [12]. We therefore used a combination of
quantitative data to describe the volume of contributions and
completed a qualitative analysis of the content of the interaction.
We described the users and their patterns of use and analyzed
the text posted. We looked at data from the first 5 months of
the campaign from January 18 to June 27, 2010, as this was the
period of highest activity on the “Say Yes to the Test” site. The
total number of fans, wall posts, and comments over time, fan
demographics (gender, age, and country where page was
accessed) were obtained from the Facebook page administrators.
Google analytics were used to document numbers using the site
and viewing patterns. We captured the page content from within
the study period using the NCapture function of NVivo 10
software and used simple counting to describe user and
moderator content, discussion thread patterns, and moderator
intervention.

The qualitative analysis was completed by 2 investigators (JS
and PB) using the framework approach and initially coding

together to ensure consistency. Disagreements were discussed
until a consensus was reached. All coding was done using NVivo
10.

We completed an initial process of familiarizing ourselves with
the data by reading and re-reading the posts, and from this, we
identified an initial set of themes to describe interaction with
the site: (1) patterns of posting, and (2) content of posts. From
this, we developed three coding strategies each building on the
previous one (Table 1). We kept the two main elements of
coding—patterns and content—constant.

We applied for ethical approval for this study from a local
National Health Service Research Ethics Committee. The
committee reported that ethical approval was not required since
our analysis was of publically available data that we did not
link to personal profiles. Our use of the data is consistent with
guidelines on the ethical conduct of qualitative research on
online communities [18]. Furthermore, we have followed recent
recommendations from research in similar contexts and used
non-verbatim quotes to prevent identification of the users
through a search engine [19]. These were constructed through
interchanging the words from several posts from different
authors that were thematically similar.

Table 1. Coding categories.

Content of postsPatterns of posting

Attitudes to chlamydia/testingConversation length: conversations coded by
number of posts

Round 1 coding: simple descrip-
tion of patterns and content of
interaction (content codes) Experience of testing

Offensive/stigmatizing/inaccurate material

Requests for information/adviceConversation source: content coded by source of
posts (users/moderator)

Responses to inaccurate information, challenges to key messages
or stigmatizing or offensive material

Conversation length: factors associated with
longer conversation length

Round 2 coding: factors that
triggered interactivity (response
codes)

Responses to key messages (eg, questioning/endorsing)Conversation source: factors that triggered user
or moderator intervention

Content of unresolved and complex issues and moderator re-
sponses to these

Interactivity: patterns of questions and answers
between users and other users, and users and the
moderator.

Round 3 coding: responses to
initial interactions

Results

Patterns of Interaction
There were 191,072 page views during the 5-month study
period. The largest cumulative total number of fans was 68,174
fans at Week 7. Two-thirds (64%) of the fans were female, 96%
of fans were aged 13-24 years (Table 2), and 95% of fans were
from the United Kingdom.

The number of fans increased from the launch of the site until
Week 7, when the advertising ceased and when the total number
of fans accumulated during this 7-week period reached 68,174
(6/3/2010). It subsequently decreased by about 100 fans per
week (Figure 1). The majority of the activity was seen between
Weeks 2 and 6 (Figure 2).

We collected 888 interactions (508 posts, 380 comments) from
576 unique users; 93% of content was from users. In contrast

to the 68,174 “likes” for the site, content interaction received a
much smaller number with 483 “likes” for 156 posts or
comments.

Most users interacted once (77.6%) and fewer than 2% posted
more than five times, with 17 posts the highest number of
interactions from a single user.

There were 164 threads where one or more users commented
on an original post. These were usually short (one comment
followed by one post), although a minority were longer with
the longest being made up of 56 comments.

The number of fans and posts related closely to the advertising
campaign and activity decreased very rapidly once the
advertising stopped, suggesting that the interactions on the site
themselves were insufficient to maintain user input or to
generate new participants.
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Table 2. Age of fans of “Say yes to the test” by sex.a

All, %Female, %Male, %Age range

50544313-17

47435418-24

22225-34

<1<1<135-44

<1<1<155+

aThe proportion in each age group calculated on a daily basis and averaged across the data collection period.

Figure 1. Total fans, Weeks 1 (18/01/2010) to 10.

Figure 2. Total wall posts/comments and unique page views, Weeks 1(18/01/2010) to 10.
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Content of Interaction

Overview
Conversations covered key issues on chlamydia and chlamydia
testing including the lack of symptoms, consequences of
infection, and experience of getting tested and treated.

Attitudes to Chlamydia Testing
Posts endorsed chlamydia testing as the right thing to do, often
reproducing the campaign message “Say Yes to the Test”.
Sixty-two posts encouraged others to get tested for peace of
mind because it is easy to do and to prevent subfertility:

Bout time peeps startd tikin about this…y not go gt
check 4eurything its 20mins out ur life…tht ultimately
cud save ur life and tht of ur future children and new
partners...sense...people..gud on ya if ya dne it...an
if u ant y…x [Poster 1]

Although testing is generally presented as the “right thing to
do”, there was disagreement about its implications. Some
participants felt that testing suggests risk of infection through
multiple partners with either negative implications (promiscuity)
or positive ones (sexual experience). Others suggested that it
signals irresponsible behavior (no condoms used), carelessness
(poor condom use), or bad luck. Some felt that it is a routine
part of looking after yourself:

People who say like “oh im not ashamed, I have this
test all the time”...stop having sex with so many diff
men, then you wouldn’t need to have it done all the
time =]

It’s making it “shameful” that prevents people from
going and getting tested. The skanky ones are the
ones that don’t get tested you fool. If anything
everyone that is a fan of this group are the absolute
opposite.

I went for it   its all good. I got the all clear too. just
go on a random moment, just means your looking
after yourself

Uncertainty Around Testing Messages
User-generated content identified and did not resolve uncertainty
around some aspects of chlamydia testing. This maintained
conversations by generating disagreement and encouraged
sharing personal experience. It identified questions that were
important to participants but failed to resolve them because the
approach to moderation was simple, factual responses without
engaging in conversation.

The effectiveness of condoms in preventing chlamydia was an
example of this and a subject of concern. If condoms protect
against chlamydia, why should those who use condoms
consistently still be tested? Similarly, users were confused about
the risk of subfertility following chlamydia infection. Some
posters reported that after a single episode of infection becoming
pregnant was impossible and that chlamydia infection could
therefore be used as a method of contraception.

None of these questions have simple answers since the
effectiveness of condoms depends on how consistently and
carefully they are used. The impact of chlamydia on subfertility

is important but contested. It is very difficult to measure
accurately and not completely resolved by treatment.

the result was.....positive. no kids for me   shammmme
init [Poster 1]

oviously twat [Poster 2]

u cn still have kids if u get it treated [Poster 3]

Results of Getting Tested
Most of those who discuss their experience of testing report
their results as negative and celebrate this (71/128) with “I’m
clean” (63/128) and “never thought I had it and now I know I
don’t” as common posts associated with a tangible sense of
relief after the anxiety of waiting for results.

Many fewer comments (28/128) report a positive chlamydia
test. Most of these fall into the “just joking” category, often
emphasizing “I don’t care” or “I’m pleased” or exaggerating
the consequences, for example, “my penis will drop off”. The
minority of posts that asked for help were important
opportunities for participants to offer support and challenge
stigma:

im really worried because I think I have chlamydia,
… WHAT SHOULD I DO?! [Poster 1]

have u got any symptoms like a rash or anything like
urination being different ive added u ive had it b4 ill
chat to u if u like im xxxxxx unlike some idiots on here
[Poster 2]

There were marked differences in approach to the topic between
those who were seriously concerned about chlamydia, from a
personal or public health perspective, and those who used the
topic as an opportunity to post in a joking manner.

Modification and Repetition of Health Promotion
Messages
Many posts and comments (n=158) contained messages that
adapted but were consistent with key campaign messages about
testing and condom use, for example, “dont be fool wrap your
tool, strap up before you whack up boys”.

Whether to share personal information in a public forum was
discussed referencing both the need for openness to provide
information and support and the personal consequences of
sharing information online where it is accessible by both those
from offline social networks and strangers:

had it, got rid of it, get tested few times a year just
coz I can [Poster 1]

why wud u tell everyone this?? Nice lass u r eh!! well
I see u deleted ur comment nd I mean why wud u want
everyone to know u had chlamydia twice?? Just makes
u look like a skank tbh them things are usually kept
private [Poster 2]

Harmful or Offensive Messages
There were 39 posts classified as potentially harmful or
embarrassing, as a named individual or poster of a previous
message was the subject of offensive language or inappropriate
remarks. We were unable to establish the tone of many of the
challenging messages without further context including
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knowledge of the relationship between posters, for example, “I
got chlamydia off Stevey ”. Some harmful posts were ignored
by the moderator to discourage continued posting. We were
unable to view those deleted with a private warning message.
Of all 164 comment threads, harmful or offensive comments
appeared in 31 (18.9%) of them at least once. Of these message
chains, 40 had four or more comments following an original
post. Of these 40 longer threads, offensive content appeared in
12 (30%) at least one or more times. We had hypothesized that
potentially harmful content or challenges of key messages might
stimulate message chains, but this content did not appear to
drive longer threads.

The Role of the Moderator
Of all 888 posts and comments, 62 (6.9%) were by the
moderator. The approach adopted was to choose from a list of
standardized responses and repeat these as the same issue
occurred. There was no attempt to engage in the conversation,
stimulate discussion, or reproduce the language used by posters.
This means that the tone of posts by the moderator was very
different from that of the users. The moderator did not respond
to misinformation posted on the site immediately but allowed
time for other posters to correct it and then endorsed the
corrections:

Hi xxx! Just to clarify, neither chlamydia infection or
the health consequences of untreated chlamydia
infection would lead to penis amputation! However,
untreated chlamydia can cause painful inflammation
in one or both testicles… To find out how it is
important to “Say yes to the test” log on to….

Of the moderator’s interactions, 53/62 (85%) were a response
to an existing conversation. Of these comments, 43/53 (81%)
were the last or second to last comment in the thread.

Users appreciated moderator comments with 192 likes (40%)
for moderator interactions. The highest number of likes for a
user interaction was 10 and for a moderator interaction 63. There
were no cases where the posters expressed dissatisfaction with
comments from the moderator.

A total of 80% (51/64) posts or comments that challenged
campaign messages or contained inaccurate information or
questions were corrected, with 47 (73%) responses within four
posts, that is, appearing in the same window as the post on
Facebook newsfeeds. Over half of these responses came from
users:

where you get free test from?? [Poster 1]

from the docs just go and ask for one or go sex health
clinc x [Poster 2]

boots do them for free aswell x [Poster 3]

any boots? [Poster 1]

You can order one online. Its great. You get a pippette
:D [Poster 4]

i got mine from school, they were giving them out
[Poster 5]

Discussion

Principal Findings
We aimed to study what stimulated and maintained interaction
on a sexual health promotion site on Facebook with particular
emphasis on the role of the moderator. The stated aim of the
site studied was to promote chlamydia testing, to reinforce key
messages about chlamydia infection, and to promote the attitudes
that make testing more likely [20]. The potential outcomes of
participation included information exchange, social support and
social interaction [12], as well as better sexual health through
increased likelihood of chlamydia testing. The potential risks
of participation include the consequences of sharing personal
information online and exposure to harmful online behavior
such as the posting of inflammatory, hostile, or insulting
behavior.

The “Say Yes” site attracted a very large number of potential
users, but there was no evidence of sustained interaction. Single
visits to the site could have provided information on testing but
more active engagement with the site (repeat visits or posting)
would be more likely to change attitudes [4]. More sustained
interaction from a significant number of people would be
associated with the development of an online community, either
self-sustaining or supported by new stimuli for discussion from
the moderator. One definition of an online community is “a
collective group of entities, individuals or organizations that
come together either temporarily or permanently through an
electronic medium to interact in a common problem or interest
space” [21]. The idea of a shared area of interest is important
for our discussion. If online communities must make a transition
from early engagement to self-sustaining interaction [22] and
if key metrics to monitor the success of online communities
include the volume of member contributions and the quality of
the online relationships formed [12], our analysis suggests that
this intervention was not successful in making the transition to
a mature online community. There was a low volume of posts
once the advertising ceased and the development of superficial
relationships as evidenced by the short discussion threads and
lack of continued engagement.

Major influences on the amount and type of interaction with
SNS-based health promotion interventions include the structure
of relationships between users [10], the role of the moderator
[11], and the content of the online discussion [23]. Drawing on
this work, we propose that barriers to sustained interaction could
include an audience that did not have a sufficiently shared
approach to this topic, a lack of new content from the moderator,
a definition of content that was too narrow to hold the interest
of participants, and a lack of moderator responsiveness to
participant needs. The evidence for these proposals from our
study are explored below.

On the “Say Yes” site, there was some indication of shared
interest in chlamydia as users had “liked” the site and there was
reference to a common experience of chlamydia testing among
some of those who posted. People join online discussions where
they identify others with similar interests and viewpoints
[21,24]. An effective online community will attract users with
sufficient common interest to provide a safe space for discussion
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and sufficient difference to provide material for conversation.
Our findings suggest marked differences in approach to the
topic, for example wide differences in how seriously they
approached the content with some users sharing personal
experience of and concerns about chlamydia infection while
others ridicule the idea of sexually transmitted infection. Since
support from others is an important incentive to stay engaged
with online communities [24,25], the lack of a supportive
environment from some users might have limited the willingness
of those who did post topics for discussion to pursue their
interest in this forum.

We think that the nature of the subject matter, a mainly
short-term condition that is easily treated, meant that the
incentives to stay engaged with the site are very different from
those that support users with long-term conditions. Strategies
to maintain engagement could have included broadening the
discussion to other areas of sexual health over time so that new
content was generated for discussion, providing a greater
incentive to stay engaged and a promise of more information
on new, but related topics.

The approach to moderation was reactive (it did not generate
new material), unengaged (it provided simple factual responses),
tolerant (it gave participants time to respond to inaccurate or
challenging material), simplistic (it ignored controversial or
complex material and repeated simple health promotion
messages), and professional in tone. This fulfilled the important
function of maintaining the quality of information on the site
[6] and provided space for user-generated content, but it was
also repetitive and ultimately uninteresting and did not provide
sufficient encouragement for interaction at this early stage of
online community development. In particular, it did not respond
directly to the needs of users, other than with repetitive health
promotion messages and it was not part of a strategy that
acknowledged the changing role of the moderator as an online
community develops [12]. The idea that online communities
progress from small groups with a common interest and informal
rules to larger and more established ones with more formal rules
and high levels of participation is well documented [12,22].
Groups of the sort that we studied that are created by advertising
for a purpose identified by an external agency may follow a
different pattern of development closer to online communities
developed for consumers by businesses (eg, [26]). Here the
early stages of online community development are described
slightly differently with an “on board” stage where the
community is highly dependent on founder participation and
the nature of participation is unclear, to an “established” stage
where relationships within the membership base have been
established and are less reliant on founder participation.

Delaying response was important to provide space for
user-generated content but also carries risks. Users answered
almost all of the questions posed by other users but corrected
only a third of the inaccurate information posted. With only the
last four comments of a discussion thread appearing on
Facebook newsfeeds, inaccurate content should be corrected
within three comments but this risks closing down discussions.
Leaving material that is potentially harmful to a named
individual is dangerous [8,27-29] and, from our analysis, is not
associated with stimulating conversation. Although removal of

this material could encourage repeated posting, we recommend
that it be removed. While personally offensive responses were
removed, the moderator could not respond to private offensive
messages on individual Facebook pages. More information is
needed to quantify the risk to participants of sharing information
in this way and the responsibilities of the public health agencies
who run this type of intervention.

We did not set out to measure the impact of the intervention.
The impact of the whole media campaign (of which this
intervention was one element) on chlamydia testing rates has
been evaluated and shown to be associated with an increased
number of positive tests linked to increased testing of high risk
individuals although not an increased number of tests overall
[25]. We do not know what impact, if any, was related
specifically to the SNS intervention; however, the site did have
some characteristics of an effective health promotion
intervention. Those who visited the site and reviewed the
conversation would have received correct information on
chlamydia, information on attitudes to chlamydia and chlamydia
testing among their peers including normalization of chlamydia
testing, reassurance that chlamydia can be easily treated,
signposting to additional sources of information, and promotion
of condoms to prevent chlamydia infection. They would also
have had an opportunity to actively engage with this material,
modifying and personalizing it—both are activities associated
with active learning and effective health promotion interventions
[5].

Limitations
Our findings are limited by our lack of data on those who
participated on this site. Without this, we do not know how they
are similar or different from the rest of the population targeted
by this campaign. Similarly, we have no data on interactions
with the site that did not involve posting, for example, we do
not know how long each participant spent on the site, what
material they read or whether they returned to the site, except
where they returned to the site to post. In addition, we were not
able to obtain data on posts that were removed by the moderator
or warnings sent to individual participants. Finally, we have no
data on the impact of this SNS campaign on the knowledge,
attitudes, and behaviors of those who viewed or participated in
this intervention.

Conclusions
Our findings suggest this health promotion site provided a space
for single user posts but not a self-sustaining conversation.
Possible explanations for this include little new content from
the moderator, a definition of content that was too narrow to
hold the interest of participants, and limited responsiveness to
user needs.

Implications for health promotion practice include the need to
consider a life cycle approach to online community development
for health promotion and the need for a developing moderator
strategy to reflect this. This strategy should reflect two facets
of moderation for online health promotion interventions: (1)
unengaged and professional oversight to provide a safe space
for discussion and to maintain information quality and (2) a
more engaged and interactive presence designed to maintain
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interest that generates new material for discussion and is responsive to user requests.
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Abstract

Background: Twitter is becoming an important tool in medicine, but there is little information on Twitter metrics. In order to
recommend best practices for information dissemination and diffusion, it is important to first study and analyze the networks.

Objective: This study describes the characteristics of four medical networks, analyzes their theoretical dissemination potential,
their actual dissemination, and the propagation and distribution of tweets.

Methods: Open Twitter data was used to characterize four networks: the American Medical Association (AMA), the American
Academy of Family Physicians (AAFP), the American Academy of Pediatrics (AAP), and the American College of Physicians
(ACP). Data were collected between July 2012 and September 2012. Visualization was used to understand the follower overlap
between the groups. Actual flow of the tweets for each group was assessed. Tweets were examined using Topsy, a Twitter data
aggregator.

Results: The theoretical information dissemination potential for the groups is large. A collective community is emerging, where
large percentages of individuals are following more than one of the groups. The overlap across groups is small, indicating a
limited amount of community cohesion and cross-fertilization. The AMA followers’network is not as active as the other networks.
The AMA posted the largest number of tweets while the AAP posted the fewest. The number of retweets for each organization
was low indicating dissemination that is far below its potential.

Conclusions: To increase the dissemination potential, medical groups should develop a more cohesive community of shared
followers. Tweet content must be engaging to provide a hook for retweeting and reaching potential audience. Next steps call for
content analysis, assessment of the behavior and actions of the messengers and the recipients, and a larger-scale study that considers
other medical groups using Twitter.

(J Med Internet Res 2014;16(4):e107)   doi:10.2196/jmir.3006
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Introduction

Background
Social media, including Facebook and Twitter, is fast becoming
an important tool in health care. In editorials, essays, and blogs,
physicians have been urged to become active participants in
social media as a form of engagement with the larger health
community, patients, and peers [1], and as a way to “start an
online dialogue” with policy makers and stakeholders [2].
Twitter, the microblogging medium, has been hailed as “an
essential tool for every physician leader” [3], one that is “crucial
to the development of medicine today” [4], and “just what the
doctor ordered” [5].

This rapidly growing social network has approximately 500
million users worldwide, 140 million of them in the United
States [6]. Some say it has “democratized” health information
exchanges because is it a highly participatory medium where
patients, physicians, health care organizations, and other
stakeholders can interact on equal footing. Social media,
including Twitter, has been described as one of the main tenets
of what some scientists have called Medicine 2.0, or “next
generation medicine” [7]. Still, despite the increasing interest
and the huge potential for information diffusion and its analysis,
it is not entirely clear who in the medical world is using Twitter,
how much they are using it, and for what purpose [8].

In order to make inferences about group behavior and
predictions about “best practices” for dissemination and
diffusion of information through these networks, it is important
to analyze the networks first. Social network analysis (SNA) is
a well-established technique in sociology that can be adapted
and used to systematically explore virtual communities, such
as those that exist within the world of medicine. Applied graph
theory is an overlapping area focused on using graphs to
represent structures and networks, and theory developed about
graphs to explain applications in a variety of fields, from
computer science, to biology and chemistry, to mathematics
and linguistics, to name a few. SNA and applied graph theory
have been used to analyze structural patterns of social
relationships, to explore influential information brokers, and to
visualize the formal or informal personal networks within and
between organizations.

Online networks have been studied before in relation to their
topological structure, patterns of propagation of information,
homophily (the tendency of individuals to associate and bond
with similar others), and the types of tie formations and decays
[9-11]. These frameworks can be applied to characterize medical
communities. In a recent study, SNA was applied in an
investigation of the network characteristics of the group Health
Care Social Media Canada (HCSMCA), particularly as they
relate to the formation of an online community [12]. Beyond
community formation, an assessment of the network structure
can help characterize the actual and potential flow of information
between different professional physician groups. The
characterization of social activity and information flow is a first
step toward understanding the visibility of each network within
the online medical community and the potential to transmit
health information rapidly and effectively.

Twitter can be thought of as an information sharing network
because of its highly skewed distribution of followers, or
listeners, and its low rate of reciprocated connections (most
information sharers are not followers of their followers) [11].
A number of computer science studies have attempted to
characterize how far and how quickly information flows on
Twitter [11-13]. This general idea is referred to as information
diffusion. It is important to first describe a few models of
information diffusion to better understand information diffusion
in the context of online medical communities.

Connectivity Variation Across Network Models

Overview
There are several network topologies (structures or models of
the network) that highlight common information diffusion
patterns. Figure 1 shows examples of three of these topologies
for small directed networks. In each example, the circles are
referred to as “nodes” and the lines as “edges”.

The number of edges connected to a node is referred to as the
degree of the node. The direction of the edge in each network
indicates the direction of information flow. The difference
between these networks is the degree distribution, ie, the number
of incoming and outgoing edges of each node in the network.
The pattern of these edge connections defines the structure of
the network and dictates how quickly a message travels.

Figure 1. Network configurations - Star, Random, Small World (left to right).

Star Networks
In star networks, the degree distribution of the nodes is heavily
skewed. Every time node 0 sends a message, every node in the
network receives it immediately. However, when node 8 sends
a message, no one ever receives it. This is equivalent to a Twitter

subnetwork where a Twitter account or Twitter user has
followers who do not connect to each other (they do not have
a direct communication channel to each other). When users in
a subnetwork are well connected, we say that they form a
“cohesive community”. The amount of cohesion is defined as
the number of common neighbors a group of individuals have,
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divided by the total number of neighbors. This measure is a
variant of a more traditional local “clustering coefficient”
measure. A clustering coefficient is user specific and measures
the number of triangles a user is involved in. Because
connectivity is limited in a star network (no neighbors have
edges between them), it does not form a cohesive community.
However, for messages sent from the center node, this network
is optimal for basic information dissemination since everyone
receives the message right away and no extra messages are sent.
Messages and ideas sent from the periphery though, do not
spread. At the same time, while star structures within a real
world network are ideal for quick information diffusion from
the center node, they are problematic in terms of network
resilience and community development.

Random Networks
In random networks, the degree of the nodes follows a normal
distribution. It is unusual to see a node that has a very high or
low degree and the dissemination power of each node tends
toward the mean. When node 0 sends a message, it takes three
steps, or three hops, before it reaches everyone in the network.
When node 1 sends a message, it reaches everyone in two hops.
If everyone who receives the message sends it forward, some
nodes will receive the message multiple times. Since extra
messages are being sent, the dissemination is not considered
efficient. In other words, because of the random connectivity
pattern, spreading a message requires more individuals to
participate and is thus not efficient. Further, this network is not
a cohesive community since only a small number of neighbors
are connected to each other. In general, information networks,
social networks, epidemics, and other such networks exhibit
non-random connectivity patterns [14].

Small World Networks
In small world networks, the diameter of the graph (the furthest
distance between any two nodes in the graph) is low and the
amount of cohesion is higher than in a random network. A
network in which the degree of the nodes follows a power law
distribution indicates a small world network. In this network,
a few nodes are very well connected, but most are not. In our
example, if node 0 sends a message, it takes two hops to reach
everyone without extra messages (in a larger example, we would
expect a small number of redundant messages). This network
is more efficient than a random network. Well-connected users
in this network have comparatively high dissemination power
and act as hubs, but messages from the periphery can also be
efficiently disseminated because the diameter of small world
networks is low. This means that even though most nodes are
not neighbors of each other, the number of hops needed to reach
every node is small. Small world networks tend to have pockets
of cohesive communities throughout the network. Another
interesting property of small world networks is that they are
more resilient to removal of random nodes from the network
than are random networks. Because most random nodes will
have a small degree, deleting them will not increase the diameter
or decrease the cohesion/clustering coefficient significantly
[15].

Many networks have been shown to follow small world
properties, including social networks, protein networks, and

voter networks. When celebrities are excluded, the degree
distribution of nodes on Twitter approximates a power law
distribution [14].

Potential Information Dissemination Based on Network
Structure
A network with a power law structure has the theoretical
capacity to spread information, even arising from the periphery,
efficiently to many users. In generated networks of this type, a
message can be disseminated to everyone in the network using
a simple dissemination strategy and a small number of resends
(logarithmic in the network size) [16]. Turning to the specific
dynamics of Twitter in which followers observe messages from
those they follow and then decide whether or not to retweet
them, a common method to capture this behavior is the
independent cascade model [17]. In this model, each person
resends a message with some fixed independent probability,
which captures the likelihood they will find a message
interesting. In this setting, for generated power law graphs
(which have structures similar to Twitter), once these
probabilities pass a certain reasonable threshold, there is a high
probability that a message dissemination will become a
“long-lived” epidemic [18]. Researchers [19] provided a
technique for identifying influential individuals in this model,
ie, users who, due to their position in the network, are likely to
instigate large information cascades. In their simulations on a
real social network topology of a collaboration network among
physics researchers, they showed that if a message was resent
10% of the time, termed a “uniform resend probability” of 10%,
they could identify a message source that would cause a message
to spread to thousands of other users. Kwak et al [13] analyzed
message spread on a 2009 snapshot of Twitter containing 41.7
millions user profiles and 106 million tweets and found that
over 96% of tweets were not retweeted and that the tweets with
the highest dissemination during this period were generally
retweeted by 12% to 30% of the sender’s followers. However,
even with fewer than 1000 followers, if a message began
disseminating quickly, information cascades were much larger
than the size of the original follower’s network. This was the
case even when the number of initial retweeters was small.

To summarize, computer science theory on information
dissemination elicits two things about networks with the
properties observed of the Twitter follower graph: (1) Twitter
resembles a small world graph with a degree distribution that
follows a power law distribution, (2) dissemination to a large
number of nodes in a small amount of time is possible, and (3)
these large scale disseminations can be achieved with simple
resend rules (ie, they do not require sophisticated centralized
planning).

It should be mentioned that there is a natural trade-off between
information dissemination and community cohesion. If there is
high community cohesion, members of the community will
have quick access to information. However, members outside
of the community will not. In contrast, if cohesion is low,
information can disseminate to a broader audience. However,
the actual amount of dissemination in a subnetwork without
active community participants can be low. For information
transmission networks, developing a community with moderate
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cohesion will increase the dissemination of information to a
broader audience.

In this preliminary study, we sought to employ applied graph
theory and a basic SNA framework in order to characterize and
understand information diffusion on social media within a subset
of the medical community by examining the Twitter networks
of a few medical professional societies.

Methods

Overview
Social network analysis and network configuration models were
used to characterize community structure and information
dissemination of four professional physician groups that have
a presence on Twitter. The core groups in this analysis are: the
American Medical Association (AMA), the American Academy
of Family Physicians (AAFP), the American Academy of
Pediatrics (AAP), and the American College of Physicians
(ACP). Explanations of the metrics used in this study are
presented in Table 1.

Table 1. Description of metrics from Twitter.

Description and purpose of metricWhat it measuresMetric

How many people/groups received your message? AND How many people/groups
may resend (retweet) your tweet?

A larger number indicates that a higher probability exists for retweeting the message.
Therefore, the potential for large-scale information flow increases.

Actual information dissem-
ination

Number of followers

How many followers (active listeners) do your followers have?

This number represents the number of Level 2 followers who will see your tweet if
all of your followers retweet it and none of your followers have the same Level 2
followers.

Level 2 information dis-
semination potential

Number of Level 2 followers

How many people can see your message if all of your followers retweet it?

This number represents the followers and the Level 2 followers who see your tweet
if all of your followers retweet the message and none of your followers have the
same Level 2 followers.

Information dissemination
potential

Dissemination network size

Who are the other people or groups on Twitter that you are getting information from?

A larger number indicates more information sources to retweet messages from. These
are active sources because they send you information.

Active sources of informa-
tion

Number of information sharers

How often do you share information with your followers?

A large number indicates that you regularly post tweets/re-tweets for your followers
to view.

Frequency of information
disseminated

Number of tweets

How many people retweeted a particular tweet you sent?

A large number indicates that many people shared your tweet with their followers.

Actual number of informa-
tion disseminators

Number of retweeters

How many people receive the tweet when some of the followers retweet it?Number of Level 2 follow-
ers

Retweeter network size

Network Characterization
The Twitter API (api.twitter.com) was used to characterize the
network: determine the number of followers and the number of
tweets for each of these groups. These data were collected
between July 2012 and September 2012. Accounts that were
disabled, private, or not recognizable by our automated programs
were ignored. This amounted to less than 1% (1257/238,853)
of the accounts we had access to. Similar to other studies in
computer science, the number of followers was used as an
indicator of actual information dissemination, the Level 2
followers as an indicator of the information dissemination
potential, the number a user is following as a way to identify
potential sources of information, and the number of tweets as
an indicator of the frequency of information dissemination for
a particular group or individual.

We approximated community cohesion for this dataset by
measuring the amount of overlap in followers between the

professional groups as a percentage [(A intersect
B)/min(|A|,|B|)*100]. Overlap is necessary to develop a cohesive
community that has common sets of followers and connections
between subsets of the followers. As previously mentioned, too
much overlap may reduce the amount of information that
disseminates outside of the community. We also used
visualization to better understand this overlap.

Information Flow
The actual information flow of the tweets for each of these
groups for a one-month period from August 1, 2012 to
September 1, 2012 was analyzed. Tweets sent by the four
professional physician groups were examined using Topsy, a
Twitter data aggregator [20], to determine how many times each
tweet was retweeted. Topsy is a Twitter partner that has indexed
all public tweets since Twitter was founded in 2006. Of note,
since this data is dynamic, more retweets can occur after the
data has been collected.
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Tweet Propagation Analysis
For each group, tweets sent between July 1, 2012 and September
12, 2012 were identified and assessed, including the number of
retweets and details of their dissemination. This was followed
by the identification of individuals who retweeted the message,
the determination of the number of followers for each retweeter
and the computation of the retweeter network size to measure
actual information flow. Looking at how many times a message
was retweeted, compared to the number of times it could have
been retweeted if all of an organization’s followers retweeted
the message, provides a measurement of how close the actual
tweet dissemination is compared to the theoretical best.

Results

Network Characterization
Table 2 shows the number of followers, the number a user is
following, the number of tweets, and the information
dissemination potential for each professional medical group in
this analysis. These statistics show that all of these professional
groups have thousands of followers and a theoretical information
dissemination potential ranging from 6.9 to 122 million people.
This value is the sum of each professional group’s followers
and Level 2 followers. For example, if all the followers of the
AAFP retweet a message sent by the AAFP, 6,959,092 people
will see the message. Given the large potential for dissemination,
we can view each of these professional groups as information
brokers within the Twittersphere.

The information dissemination potential for the followers of
each group was plotted using a cumulative frequency graph in
Figure 2. Each line represents one organization and shows
cumulatively what percentage of their followers has a given
size follower network. Of note, the graph is a log-scale. For
example, over 25% of AMA followers have fewer than 10

individuals following them. We see that the distribution of
followers for these subnetworks is consistent with a power law
distribution, with approximately half the nodes having fewer
than 100 followers and very few nodes having hundreds of
thousands of followers.

In AAFP and ACP, it emerged that over half of the followers
have a strong listener network (Level 2 follower network) with
at least 100 listeners. The median number of listeners for each
of the followers of AAFP, ACP, and AAP are 120, 165, and 81
respectively. In contrast, the majority of followers of AMA
have smaller (quieter) listener networks, with over 50%
(119,560/213,122) having fewer than 50 listeners. The potential
to disseminate widely exists for each of these organizations
since all of the organizations have a large percentage of listeners
who are themselves information brokers.

A detailed social network visualization of the networks’overlap
is shown in Figure 3. This visualization only shows the three
smaller physicians group networks since the largest one, the
AMA, has approximately ten times the number of followers as
the other three networks combined.

In the networks under study, there is evidence of the beginnings
of a collective community, where large percentages of
individuals (13%-55%) are following more than one of the
professional groups. As the illustration shows, the majority of
followers are specific to one of the groups. The pink nodes are
following all three of the professional groups, while the green,
orange, and purple nodes are following two of the professional
groups. The overall common overlap across all four groups is
only 471 individuals, a very small percentage of the overall
networks for these groups, indicating a limited amount of
community cohesion and cross-fertilization, but still allowing
for efficient channels (fewer redundant messages) for
information dissemination.

Table 2. Dissemination potential and professional group statistics during the study period.

Information dis-
semination poten-
tial

Number of tweetsNumber follow-
ing

Number of fol-
lowers

Professional group

6,959,09227882987546American Academy of Family Practice (AAFP) (@AAFP)

11,228,160297920235955American College Physicians (ACP) (@ACPinternists)

14,496,559118413211,768American Academy of Pediatrics (AAP) (@AmerAcadPed)

122,066,39770655729213,122American Medical Association (AMA) (@AmerMedicalAssn)
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Figure 2. Information dissemination potential for each professional physicians group - American Medical Association (AMA), American Academy
of Family Physicians (AAFP), American Academy of Pediatrics (AAP), and American College of Physicians (ACP).
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Figure 3. Follower network of American Academy of Family Physicians (yellow), American College of Physicians (red), and American Academy of
Pediatrics (blue). Size of group nodes based on number of followers.

Information Flow
When considering information diffusion potential, it is
reasonable to exclude followers who have never tweeted or
retweeted, since it is likely that those individuals will not retweet
a message from one of the professional groups. The more tweets
a group’s followers send, the higher the likelihood for larger
dissemination. Figure 4 shows a continuous histogram of the
volume of tweets of followers for each of our professional
groups. The x-axis shows logarithmically the volume of tweets
sent by followers of each professional group. The y-axis shows
the percentage of followers who have sent that volume of tweets.
For example, the percentage of followers that have not sent any
tweets is 6.92% for AAFP (522/7546), 8.17% (962/11,768) for
AAP, 7.22% (430/5955) for ACP, and 18.43% (39,275/213,122)
for AMA.

If these followers and their Level 2 followers are removed from
the dissemination network, the overall information dissemination
potential decreases by less than 1% for all four professional
groups. This indicates that the followers who do not send any
tweets/retweets have a small number of followers themselves
and are not essential information brokers. When all the followers
who have sent only 10 or fewer tweets are removed, then the
AMA professional group information dissemination potential
is reduced by over 35%. The other professional groups are still
impacted by less than 1%. This is an indication that the AMA
followers’network is not as active as the other three professional
networks. For the other three groups, there is a stronger
correlation between the number of tweets disseminated and the
number of followers.
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Figure 4. Number of tweets/retweets sent by followers of the four professional groups - American Medical Association (AMA), American Academy
of Family Physicians (AAFP), American Academy of Pediatrics (AAP), and American College of Physicians (ACP).

Tweet Propagation Analysis
In addition to the information dissemination potential, the actual
retweet propagation of a sample of tweets was assessed. Figure
5 shows the propagation of actual tweets during the month of
August 2012 (ie, the number of retweets for each message sent
by the different professional medical associations.)

The x-axis represents each tweet where the tweets are sorted
by number of retweets. The y-axis represents the number of
retweets. The AMA posted the largest number of tweets (164),
while the AAP posted the fewest during this time period. Each
organization had a number of tweets that were not retweeted
by anyone. The largest number of retweets for any of these
organizations during this month was 24. Given that each of
these groups has thousands of followers, this level of retweeting
leads to information dissemination that is far below the
information dissemination potential shown in Table 2. While
unlikely, even with a small number of followers retweeting a
message, the diffusion can still be large at the third and fourth
hop. We have not computed the third and fourth hop networks

here, but previous literature supports this pattern of diffusion;
Bakshy et al [21] analyzed a data set from 2009 containing 1.6
million Twitter users in 2009 and identified common
information cascade patterns of their tweets. Many of these
patterns involved transmission with third and fourth hop users.
Therefore, we cannot discount that dissemination occurs beyond
the Level 2 followers.

Finally, the dissemination of a particular tweet was considered:
how does the dissemination of an actual tweet compare to the
theoretic best? Here, we focus on the propagation of the tweet
as opposed to the content of the tweet. Are there any tweets that
are disseminating to a large fraction of this medical community?
Table 3 compares the tweet with the highest retweet
dissemination (actual information dissemination) for tweets
sent between July 1, 2012 and September 12, 2012 to the
dissemination potential for each professional group.

Overall, the number of retweets and the number of individuals
who received the tweet is less than 0.2% of the total population
dissemination potential, with the tweet from the ACP
disseminating the least.
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Table 3. Top tweets for each professional group.

Fraction of information
dissemination potential

Actual information dis-
semination

Number of
retweets

TweetProfessional group

0.00137955810“Ask your Doctor if medical advice from a TV commer-
cial is right for you…”

AAFP

0.0000444897“Interaction between proton-pump inhibitors clopidogrel
clinically unimportant…”

ACP

0.0017625,48225“Tragedy in CO – in the wake of news about another
act of gun violence, how to talk with children and
teens…”

AAP

0.00164200,77845“September is Women in Medicine Month, a time to
celebrate growing number, influence of women physi-
cians

AMA

Figure 5. Number of retweets for messages sent in August 2012. [American Medical Association (AMA), American Academy of Family Physicians
(AAFP), American Academy of Pediatrics (AAP), and American College of Physicians (ACP)].

Discussion

Principal Findings
At the time of our study, the AMA had the largest number of
followers—and thus, information diffusion potential—and was
trailed by the AAP, AAFP, and ACP, respectively. However,
each of the smaller organizations had a strong network of
followers among which were individuals who themselves are
potentially strong information brokers. We also began to see
interconnectedness among these groups as evidenced by a group
of users who follow all three smaller organizations. This
preliminary analysis shows possibly large information diffusion
potential, yet when we analyzed actual tweets sent, the actual
dissemination was well below the calculated potential.

With the growing popularity of social media and Twitter,
medical organizations are urged to engage in social media and
actively share information. Therefore, it is important to
determine what metrics can be used to measure the effectiveness
of this as a medium. This study attempted to describe the
characteristics of four medical networks and analyze their
theoretical information dissemination potential, their actual

information dissemination, their information sharers, and their
propagation and distribution of tweets.

Limitations
This study has several weaknesses. First, we captured our data
at one point in time. As such, it is only a snapshot of the Twitter
networks described. Social media networks tend to be dynamic
with followers added and dropped from moment to moment.
So, in all likelihood, these networks may look different today
than they did during the study period. Additionally, the overall
trend on Twitter is expansion, with increased number of users.
In fact, at the time of manuscript revision submission, each of
the organizations described in this manuscript has shown to
have a much larger following. This also applies to the data
captured for the individual tweets, which may have diffused
beyond the study period. Second, our analysis does not allow
for an investigation of the inter-activity, interactions, and
engagement within the networks. As a result, it is impossible
to draw conclusions about motivation for dissemination or how
content drives diffusion. Third, though the total percentage of
accounts we ignored in our analysis was less than 1%, we could
not determine the percentage of private accounts that we did
not have access to. According to Beevolve [22], in 2012,
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approximately 12% of Twitter users had private or protected
accounts. Finally and most importantly, the dissemination
potential described should be interpreted with caution. The
number of followers may not necessarily mean each follower
is a valid or relevant one, or one that can further propagate the
message. Many followers may be family members, friends,
commercial entities, organizations, or individuals with no
interest in the topic. Further studies will need to look at the
specific nature and identity of the followers. Additionally,
because information is disseminated on Twitter in a continuous
manner, there is no guarantee that all the followers will receive
or will have seen all the messages, as patterns of use vary and
many followers check their accounts in a more sporadic manner,
thus “missing” many tweets in real time (and, as a result, the
opportunity to retweet or act on the message in other ways).

This work is merely the first step toward understanding the
information power and potential of several medical professional
groups on Twitter.

Conclusions
This analysis indicates that these medical groups participate in
subnetworks with small world type tendencies. This structure
allows for large-scale information dissemination; however,
actual dissemination is well below potential for all four
professional groups. This is consistent with many other groups
on Twitter. Large-scale information diffusion in Twitter is driven
by information brokers who have at least a moderate number
of followers, some of whom are active followers. In other words,
it is more valuable to a network to be well connected to a few
influential information brokers than to have a large number of
first degree followers. Although having a large number of
followers is beneficial, small networks can still achieve a high
potential distribution if they have a few information brokers
who themselves are active and well connected. Developing a
community that is active (in terms of retweeting) and engaged
(in terms of content, mutuality, and reciprocity) is important
for strong dissemination. As demonstrated in a previous study
[23], social media engagement is a complex system to describe
and measure. Engagement may be thought of as a continuum
(low-medium-high) and may follow specific patterns and
hierarchical structures. Indeed, one metric of engagement, as
described in Neiger et al, is retweeting. While these professional

groups all have some individuals who retweet heavily, those
individuals were not very engaged during our study period.
Encouraging these information brokers to retweet the shared
content will help increase dissemination. Other ways to increase
dissemination include tweeting more regularly (increasing the
volume of tweets to show active engagement in the Twitter
platform) and retweeting more often. Others will be less
interested in retweeting content if the organizations themselves
do not retweet content. These strategies will help develop a
more cohesive community of shared followers, for
cross-fertilization of information.

The content of the messages is of course of utmost importance.
Even with strong channels for dissemination, tweets must be
timely and engaging in order to provide the hook for followers
to retweet and begin to reach the vast potential audience.

In the past few years, reports have been published about the use
of Twitter for various purposes within the field of medicine: as
a support tool for patients with chronic conditions [24], by
ministries of health for health promotion [25], as an educational
tool during conferences [26], to track public health message
diffusion [27], and as a teaching tool in health profession
education [28-34]. A few researchers are developing metrics
that may enable this medium to assist in measuring journal
article impact [35] and to predict citations of journal articles
[36]. However, as a field of research, Twitter usage—the flow
of information, content analysis, profiles of message generators
and of message recipients, overall effects on public behavior—is
still in its infancy.

This study is one example of the development of theoretical
models of knowledge dissemination that could have practical
implications in how we use this medium to empower patients,
disseminate important public health messages, or promote our
ideas and specialties. As researchers attempt to characterize
best practices in the use of social networks for knowledge
transfer and dissemination, they will need to look at the networks
themselves, conduct content analysis of the messages, and assess
the behavior and actions of the messengers as well as the
recipients. This calls for more multi-disciplinary research,
involving experts in computer science, communications,
linguistics, and cultural studies, to develop and advance this
field of inquiry.
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Abstract

Background: Online social networking use has increased rapidly among African American and Latino men who have sex with
men (MSM), making it important to understand how these technologies can be used to reach, retain, and maintain individuals in
care and promote health wellness. In particular, the Internet is increasingly recognized as a platform for health communication
and education. However, little is known about how primarily Spanish-speaking populations use and engage with each other
through social media platforms.

Objective: We aimed to recruit eligible couples for a study to adapt “Connect ‘n Unite” (an HIV prevention intervention initially
created for black gay couples) for Spanish-speaking Latino gay couples living in New York City.

Methods: In order to successfully design and implement an effective social media recruitment campaign to reach Spanish-speaking
Latino gay couples for our ongoing “Latinos en Pareja” study, our community stakeholders and research team used McGuire’s
communication/persuasion matrix. The matrix guided our research, specifically each marketing “channel”, targeted “message”,
and target population or “receiver”. We developed a social media recruitment protocol and trained our research staff and stakeholders
to conduct social media recruitment.

Results: As a result, in just 1 month, we recruited all of our subjects (N=14 couples, that is, N=28 participants) and reached
more than 35,658 participants through different channels. One of the major successes of our social media recruitment campaign
was to build a strong stakeholder base that became involved early on in all aspects of the research process—from pilot study
writing and development to recruitment and retention. In addition, the variety of “messages” used across different social media
platforms (including Facebook, the “Latinos en Pareja” study website, Craigslist, and various smartphone applications such as
Grindr, SCRUFF, and Jack’d) helped recruit Latino gay couples. We also relied on a wide range of community-based organizations
across New York City to promote the study and build in the social media components.
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Conclusions: Our findings highlight the importance of incorporating communication technologies into the recruitment and
engagement of participants in HIV interventions. Particularly, the success of our social media recruitment strategy with
Spanish-speaking Latino MSM shows that this population is not particularly “hard to reach”, as it is often characterized within
public health literature.

(J Med Internet Res 2014;16(4):e113)   doi:10.2196/jmir.3311

KEYWORDS

social media; online recruitment strategies; Spanish-speaking Latino men who have sex with men (MSM); Latino gay couples;
Latino MSM; HIV prevention

Introduction

In the United States, online social networking features are
widely used, as reflected in the Health Online 2013 survey
conducted by the Pew Research Center’s Internet and American
Life Project. Their report noted, for example, that more than
one-third of US individuals turn to the Internet to learn about
health problems [1]. Moreover, although it is difficult to gather
exact figures, it is estimated that somewhere between 20 million
and 40 million people in the United States visit online dating
websites each month [2]. An online social network is a website
or online application that allows individuals and communities
to connect and communicate by sharing pictures, messages, and
other forms of multimedia communication [3]. However, new
media technologies are constantly emerging along with new
definitions of what constitutes a social network, making it
challenging to maintain a rigid definition capable of
encompassing all of these rapid changes.

The rise of new communication technologies and social media
in recent years has brought both new opportunities and
challenges for public health professionals. Peer-to-peer
exchanges through websites, online communities, and
smartphone applications represent a major shift in the way
people meet potential sexual partners, especially for men who
have sex with men (MSM) [4-7]. Mobile accessibility through
popular applications like Grindr, SCRUFF, Jack’d, and OkCupid
offer new ways for MSM to engage in peer-to-peer exchanges,
whether for gaining support and sharing information with fellow
members of their community or to find sexual and/or romantic
partners. At the same time, there has been a dramatic increase
in the availability of information promoting healthy behaviors
and advertising human immunodeficiency virus (HIV) and
acquired immunodeficiency syndrome (AIDS) resources on the
Internet, although evaluation of such strategies is often lacking
[8-10].

Most of the research on social media has been focused on “risk
behaviors” [4,11-15] and developing new HIV prevention and
health promotion “media interventions” [16-21]. Our research
responds to a key component of the research and program
engagement that includes a discussion of recruitment strategies
and methods for engaging subjects and participants in research
and prevention programs. This particular area of research merits
attention as Institutional Review Boards across the country try
to comply with ethical standards and protection of participants
in both online and offline contexts [22].

In particular, online social networking usage has increased
rapidly among African American and Latino MSM [16,17,23],
making it important to understand how these technologies could
be used to reach, retain, and maintain individuals in research
and medical care [24,25]. While most research on the use of
social media among minorities has focused on African American
and acculturated Latino MSM [26,27], little is known about
those who are less acculturated, monolingual, and/or primarily
Spanish-speaking Latino MSM. Interestingly, this particular
group has been previously labeled as “hard to reach” by scholars
and researchers [28-30]. Thus, in order to better recruit and
engage this community, we assessed and implemented a
recruitment campaign to enroll Latino gay couples in an HIV
intervention adaptation study using both social media platforms
as well as traditional approaches with community-based
organizations. The goal of the study is to adapt “Connect ‘n
Unite” (CNU), a couple-based intervention for stimulant-using
black MSM, to reduce the disproportionate HIV burden borne
by Latino MSM. CNU has been developed, implanted, and
evaluated as a 4-module couple-based HIV preventive
intervention. The focus of our paper will center on the need to
better understand the Latino gay community, its engagement
with social media, and the potential for effective delivery of
wellness promotion interventions and HIV prevention programs
through these media.

Methods

Summary
The Institutional Review Board at the New York State
Psychiatric Institute approved this study. We undertook a mixed
method approach to conduct our research. For the purpose of
this paper, data analysis is restricted to the first month of the
study implementation and recruitment, during which time we
recruited our total sample size (N=14 couples). We relied on
community stakeholders to help guide recruitment of participants
through social media, from the development of materials to the
wording and message of postings. A total of 12 stakeholders
from a wide range of community-based organizations and Latino
gay couples met weekly to develop social media recruitment
materials. The principal investigator (PI) and research assistant
took notes at all of the meetings (Figure 1). Stakeholders were
introduced to methodological approaches in order to guide the
development of social media recruitment materials. We also
used McGuire’s communication/persuasion matrix as a model
for understanding and creating an effective recruitment
campaign [31]. Other scholars have used this model to guide
evaluation of recruitment strategies for HIV prevention and
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wellness programs [32]. The model identifies the variables
relating to effective persuasive communication, including
receiver, channel, message, and source. Each of these elements

is further defined and discussed below in relation to our “Latinos
en Pareja” study.

Figure 1. Collection of photos from a stakeholder meeting.

Receivers
The receiver is the intended recipient of a message. For this
study, the goal was to recruit 14 Spanish-speaking Latino gay
couples to participate in an intervention adaptation workshop,
composed of three sessions. We aimed to adapt CNU, a
couple-based intervention created for stimulant-using black
MSM, to reduce the disproportionate HIV burden borne by
Latino MSM. CNU has been developed, implemented, and
evaluated as a 4-module couple-based HIV preventive
intervention [33,34]. The modules cover several topics including
self-care (eg, information about HIV/AIDS, stimulant use),
communication (eg, use of effective communication styles),
relationship strengthening (eg, identification of unwritten rules
and sexual decision making), and couple problem solving (eg,
identification support mechanism for each partner). Couples

were eligible for the “Latinos en Pareja” study if they met the
following criteria: (1) both partners were 18 years or older, (2)
both partners considered the other male as their “main partner”,
which is operationalized as (a) a male with whom he has had
an ongoing sexual relationship over the prior 3 months, (b) a
male considered a “boyfriend, domestic partner, spouse, ongoing
lover, or regular partner”, and (c) a stated intention to remain
together for at least 12 months, (3) at least one partner
self-identified as Latino or Hispanic (ie, a native or inhabitant
of Latin America; a person of Latin American origin living in
the United States), (4) at least one partner had limited English
proficiency and both partners were proficient in Spanish, (5) at
least one partner reported one or more unprotected acts of anal
intercourse in the past year, within or outside of the relationship,
and (6) at least one partner reported using illicit substances or
other drugs/substances not prescribed by a doctor that change
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mood or thinking in the past 3 months, or drinking more than
4 drinks in a single period or 14 drinks per week in the past 3
months. Couples were excluded if either partner reported the
occurrence of one or more incidents of severe intimate partner
violence within the relationship in the past year. Participants
called our research telephone number to find out whether they
were eligible through the phone screening.

Channels
Most of the participants were recruited using social media. We
diversified our social media channels by reaching a wide range
of social network sites, including Craigslist and Facebook as
well as iPhone and other smartphone applications including
Jack’d, Grindr, Twitter, Instagram, and SCRUFF (Figure 2).
We created study profiles on the popular dating websites
OkCupid and Adam4Adam, but site administrators quickly
deleted the profiles since they promoted research. Therefore,
we decided not to create new profiles on these sites even though
Adam4Adam has been known as a site frequently visited by

gay, bi, MSM, trans, and other sexual minority men of color.
We also developed a website using Wix, a free website builder
tool [35].

Along with recruiting participants through social media
platforms, research staff who were involved in the recruitment
and the adaptation of the study focused on other channels to
distribute recruitment materials including local barbershops
visited by gay Latinos, community-based organizations and
social venues, press releases and public service announcements
published through local media, and the deployment of outreach
recruiters in gay venues (eg, bars, bathhouses, community
events, and local support groups aimed at gay men). We also
shared on our social media sites information about these venues
as well as the services they offered (Figure 3). However,
although we reached more than 50 community-based
organizations in New York City, most of the participants came
from the Hispanic AIDS Forum, Betances Health Center, Latino
Commission on AIDS, and Make the Road New York.

Figure 2. Collection of photos from our online social media sites.
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Figure 3. Some of the community-based venues promoted through our social media sites.

Messages
We used a cell phone and the research center’s computer to
deliver recruitment and promotional messages for the study.
The message refers to the information intended to reach
recipients. Stakeholder meetings, which included representatives
from community-based organizations, assured the research staff
that the message was culturally relevant and directed at
Spanish-speaking Latino gay couples. The stakeholders
discussed and offered advice on the study name and logo (Figure
4), wording of the publicity messages, visual layout of the palm
cards, study’s website, and advertisements. The stakeholders,
along with the research staff, suggested a very specific name,
“Latinos en Pareja”, that would attract our specific target

population. Furthermore, all the materials and postings with the
name of the study featured a photograph of a same-sex Latino
couple. A group of Latino gay couples associated with the study
consented to share their pictures for advertising and promotional
purposes related to the study.

Developing the study’s recruitment message for social media
channels such as Facebook and the study website also included
describing the program as “Promoviendo relaciones saludables
entre hombres Latinos y sus parejas del mismo sexo [Promoting
strong healthy relationships between Latino men and their
same-sex partners]”. Stakeholders also recommended including
language that would conjure up images of building something
for the good of the collective, “Los participantes completarán
tres sesiones con otras parejas para crear programas innovadores
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de prevención del VIH en nuestra comunidad [Participants will
complete three sessions with other couples to help build stronger
HIV prevention programs in our community]”. Additionally,
stakeholders recommended that we include postings related to
social causes such as same-sex marriage and job and volunteer
opportunities (Figure 5). Stakeholders also stressed the
importance of including photographs showing the diversity of
the Latino gay community, in terms of age, country of origin,
race, socioeconomic status, gender, body type, and sexual
preferences. Potential participants who had expressed interest
in the study and “friended” our pages had the opportunity to
respond to these postings and share their couples stories,
anecdotes, and photos on our sites.

We used a more simplistic approach in publicizing our message
through the smartphone applications such as Grindr, SCRUFF,

and Jack’d. Our profile heading included the words “En pareja
[In a relationship?]?” and a picture of a couple holding each
other. The couple was part of our stakeholder team who
consented in writing to use of the picture. Once potential
participants clicked on the profile, they were directed to the
following heading, “Proyecto sobre Latinos en Pareja [Latino
gay couples study]”, and a brief description that included the
following message, “Proyecto sobre latinos en pareja.
Promoviendo relaciones saludables. Cada participante puede
recibir hasta $120. Nos puede llamar ahora para determinar si
es elegible [Latino gay couples study. Promoting healthy
relationships. Each participant can receive up to $120. Call us
to determine if you are eligible]”, plus a phone number and
email address. Participants also had the option to access our
Latinos en Pareja Facebook page, using the social network link
built into the apps.

Figure 4. Latinos en Pareja logo.
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Figure 5. Collection of photos with job opportunities and information on social issues.

Source
Our research study was run from two prominent research centers
at Columbia University: the HIV Center for Clinical and
Behavioral Studies and the Social Intervention Group (SIG). In
particular, we received recruitment support, guidance, and
training by the HIV Center Media Core through various
opportunities, including Cross-Core Meetings, which are built
to provide guidance for new studies at the HIV Center. In
addition, the study received the support from research staff at
the Wake Forest University School of Medicine, North Carolina,
and the Department of Social Work at the University of Texas
at El Paso.

Results

Ethical Considerations in Conducting Social Media
Recruitment
The use of social media for recruitment of participants involves
a number of new ethical considerations that must be integrated
into the training of stakeholders and research staff and into study
protocols to ensure proper protection of potential participants.
Prior to recruitment of participants, stakeholders and research
staff met to outline strategies to protect potential participants’
confidentiality and to discuss proper ways to approach potential
participants. Stakeholders recommended the development of a
protocol, which was later developed by a collaborative team of
stakeholders and research staff (Multimedia Appendix 1). In
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addition, research staff and stakeholders received training on
how to recruit and engage participants through social media for
the purposes of cultivating interest in the study.

Regarding Facebook recruitment, we agreed that the Facebook
group and study page should have the same name as the study,
“Latinos en Pareja”, and must be open to the public so it could
be found by open searches and members could invite others to
join. Importantly, all group members could post public
messages, notes and pictures, and engage in private messages
and chats. Facebook users were made aware that their postings,
including photos, may be used for the purposes of the study via
a disclaimer on our Facebook page. In addition, all of the photos
published in this manuscript were shared directly with the
research team by Facebook users to use for study-related
deliverables. The PI monitored the Facebook group and page
and responded to private messages and inquiries about the study
with the approved New York State Psychiatric Institute
Institutional Review Board (NYSPI IRB) language. Research
staff had weekly discussions with stakeholders to ensure privacy
was upheld in all of our social media channels. We did not
collect identifying data for any of the potential participants who
contacted us for information about the study. However, as
approved by the NYPSI IRB, those who screened eligible were
given the option to provide their personal information in order
to be contacted for the study. All identifying data for the study
comply with the Health Insurance Portability and Accountability
Act (HIPAA) regulations, and storage of data is encrypted,
firewalled, and password-protected. Although more ethical
issues will emerge as online engagement continues, we have
sought to address major ethical concerns both in the training
and study methods.

Social Media
We relied on a wide range of social media and community-based
venues for recruitment (Table 1). Potential participants were
instructed to call our direct research line to be screened to
determine their eligibility. Facebook proved to be the most
successful tool to recruit participants into the study. By the end
of January 2014, a month after the study was initiated, and after
having successfully recruited all the eligible couples, we had
1872 members associated with the Facebook individual profile
and 1370 members in the Facebook group. We reached
approximately 6612 weekly through the Facebook interactive
page with a total of 589 friends. Additionally, statistical
analytical tools built into the Facebook group page enabled us
to keep track of the “likes” and the number of individuals
“reached” on a weekly basis. A total of 44 participants were
screened through Facebook, and 5 of the 14 eligible couples
were recruited using this site. “Liking” other causes or groups
enabled “Latinos en Pareja” to share targeted recruitment
materials on the pages of other groups and causes. For instance,
the Hispanic AIDS Awareness Program, a nationally
well-known advocacy organization, shared several of our
postings to help promote the Latino gay couples study. In return,
we also shared and endorsed their site on our page. Our
Facebook group particularly targeted other groups catering to
Latinos on topics such as Latino parties in the Jackson Heights
neighborhood of Queens, New York, wellness promotion events,
and social venues for Latino gay men. By the end of the first
month of the study, we had hundreds of members associated
with our Facebook page. Some of these partner groups on
Facebook include “Gay men interracial lovers”, “Gay Latinos
in NYC and Friends”, “New York Latinos Underground”, “Gay
Latinos Worldwide”, and “Core-Group Latinos D”.
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Table 1. Summary of recruitment reach through social media channels and community-based venues.

Eligible couples (N=14)Number of potential participants reached or total number of messages
(N=35,658)

Social media sites (Jan. 1-31, 2014)

5Facebook

44Screeners

1000Messages

1872Individual profiles

1370Groups

589Pages

120Total number of posts

6612Weekly page reach

0Grindr

21Screeners

300Messages

0SCRUFF

1Screeners

200Messages

0Jack’d

5Screeners

250Messages

0Craigslist

4Screeners

10Postings

50Messages

Twitter

00Screeners

2003Following on Twitter

315Followers

36Tweets

150Messages

0Instagram

0Screeners

667Following on Instagram

167Followers

5Posts

5Community-based organizations

4Hispanic AIDS forum Screeners

3Betances

2Latino Commission on AIDS Screeners

2BOOM! Health Screeners

2Make the Road New York Screeners

4Others

18Screeners through couples or friends’
referral
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Many potential participants saw our Facebook profile as a
reflection of the value of collectivism in Latino communities
as well as a networking tool enabling them to share their
personal stories about being a Latino gay couple. Interestingly,
many potential participants also visited the profile as single
Latino gay men hoping to find other partners. In addition,
members shared events and parties taking place in the
community. In particular, members found merit in our strategy
to post jobs and volunteer opportunities in the New York City
area on the group page. Stakeholders used the group page to
refer jobs to member, and we also used Indeed, the popular job
search engine, to advertise job and volunteer opportunities to
group members. Many couples also shared their picture, stories,
anecdotes, and provided advice and suggestions on how to
maintain healthy relationships (Figure 6).

Our Instagram application enabled us to share pictures related
to couples and HIV prevention and to send messages that Latino
gay couples would identify with using the popular social media
tool of hashtags, which allows social media users to create
trends, share threads of information, and reach a wider general
audience. Some of our hashtag messages included
#latinosenpareja, #PrevencióndelVIH, #amordeparejas,
#amorenpareja, #justicia, #acción, among many others. The
Instagram application was shared and connected with our
Facebook page, helping us streamline and integrate all of our
communications and messages. Twitter was also used to shared
news and important events affecting the Latino MSM
community. The same strategies were used on Twitter by joining
relevant profiles sharing similar interests and causes and
targeting the same group of Latino MSM.

Our website featured recruitment information about the study,
pictures of couples, positive messages including our objective
in “promoviendo relaciones saludables [promoting healthy
relationships]” and “crear programas innovadores de prevención
del VIH en nuestra comunidad [creating innovative HIV
prevention programs in our community]”, as well as information
about stakeholders, volunteers, and the research team. In
addition, through the website, we constructed a “Contact Us”
inbox where potential participants could email us with their
inquiries about the study as well as other related questions [35].

These built-in tools in our channels, including Internet pages
and smartphone applications, enabled us to increase our
engagement through social media. In total, we received 3670
messages from social media sites, screened 75 potential
participants of the total 106 screened, and recruited 7 eligible
couples through social media. Most of our screeners on
smartphone applications were from Grindr, with a total of 21
potential participants screened.

Engaging with various social media platforms led to an
interactive dialogue between potential participants, community
stakeholders, and the research team. In particular, our social
media presence and messages received a great deal of positive
feedback. Individuals engaged with our online social media
tools shared their thoughts, pictures, and opinions on the study
through a public forum that connected them to a community of
like-minded individuals. For example, one individual stated on
our Facebook wall:

Estoy promoviendo este espectacular proyecto de
investigación que la Universidad de Columbia y un
grupo de amigos están desarrollando en la ciudad
de Nueva York. Si te consideras un hombre
comprometido con tu pareja y responsable con tu
entorno, no deberías quedar ajeno a esta iniciativa
que pretende cambiar el modo en que enfrentamos
el mundo. Además, si somos amigos es porque te
considero alguien valioso y quiero lo mejor para ti.
Por eso te invito a que junto a quien amas vivan esta
experiencia. [I’m promoting this wonderful research
study developed by Columbia University and a group
of my friends in New York City. If you are a man in
a committed relationship with your partner and
responsible in your community, you should not miss
out on this new initiative that is trying to change the
way we deal with the problems we face in our world.
Furthermore, if we are friends, it is because I consider
you as someone who is valuable and I want the best
for you. For this reason I’m inviting you and your
loved one to join us in this experience.] [Facebook
user]

Another Facebook user shared “Gracias por su presencia. Existe
falta de difusión de forma que la ayuda llegue más
proporcionalmente. Ustedes son un buen ejemplo de ayuda en
información que se necesita casi urgente. Saludos [Thank you
for your presence. There is a real need to reach out and spread
the word more efficiently. You are a good example of a source
of useful information that is urgently needed]”

Furthermore, social media proved to be an effective tool for
sharing HIV information and knowledge, testing resources, and
agency referrals. Potential participants discussed and responded
to our information with thoughtful insights about factors leading
to HIV and barriers to medical care. One Facebook user
explained:

Cabe destacar que el incremento del HIV tiene mucho
que ver con tres factores muy importantes: 1)
economía 2) educación y 3) ambiente. Aunque todos
estamos expuestos a una variedad de enfermedades
de transmisión sexual, pobre y ricos, las personas de
bajos recursos económicos son más propensas al
contagio. También existen factores como la
promiscuidad y comportamiento relacionado al
consumo de alcohol y drogas ilícitas. Por otra parte,
la educación sexual escolar es mínima o no existe en
los planteles escolares públicos, lo que contribuye a
la intimidad sexual sin conocer los riesgos que
implica falta de higiene y protección con
anti-conceptivos u otros métodos conocidos como
condón o abstinencia. Y por último, personas que
viven en áreas pobres o de bajos recursos
económicos, zonas urbanas o suburbios, tienden a
vivir sin el cuidado de personas adultas. Por otro
lado, vivir en confinamiento, apartamentos u hogares
de menor espacio en relación a la cantidad de
personas residiendo bajo un mismo techo, también
se puede considerar como un grave problema que
aumenta la posibilidad de adquirir tanto HIV como
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otras enfermedades relacionadas al contacto sexual.
[It is worth mentioning that the rise in HIV has to do
with three important factors: (1) the economy, (2)
education, and (3) the environment. Although all of
us are exposed to a variety of sexually transmitted
diseases, both rich and poor, people with fewer
economic resources are more prone to infection.
There are also other factors to consider such as
promiscuity and behaviors related to the consumption
of alochol and illegal drugs. On the other hand,
sexual education in schools is very minimal or does
not exist in public schools, a fact that contributes to
sexual intimacy without knowing the risks that implies
a lack of hygiene or protection using contraceptives
or other known methods like condoms and abstinence.

And finally, people who live in poor areas or those
with fewer economic resources, in urban or suburban
zones, tend to live without the supervision of adults.
On the other hand, living in confined spaces, in
cramped apartments or homes with many people
under the same roof, also could be considered a
serious problem that increases the possibility of
acquiring HIV and sexually transmitted infections.]

Our focused and targeted message about the study and the
participants’ positive perception of our study enabled us to
increase recruitment and engage others through all of the social
media venues we used. In addition, through the sharing of sexual
health information, we enabled users to engage in thoughtful
discussions about HIV, sexually transmitted infections (STIs),
and sexual health promotion.

Figure 6. Collection of photos shared directly with the research team by Facebook users with their consent to use for study-related deliverables.
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Community-Based Organizations and Other
Recruitment Venues
We reached more than 50 community-based organizations in
the five boroughs of New York City (Bronx, Brooklyn,
Manhattan, Queens, and Staten Island). However, a large
majority of the potential participants screened through
community-based organizations came to us from Hispanic AIDS
Forum (n=4), Betances Health Center (n=3), Latino Commission
on AIDS (n=2), BOOM! Health Center (n=2), and Make the
Road New York (n=2) (Table 1). In total, we recruited 5 eligible
couples for the study through community-based organizations.
In addition, 4 eligible couples were enrolled through referrals
from other couples or friends. We also recruited in barbershops
where most of the clientele were Latino and lesbian, gay,
bisexual, and transgender (LGBT) individuals, including Pride
Cuts in Manhattan.

Discussion

Principal Findings
Our findings show that monolingual Spanish-speaking Latino
MSM who are less acculturated create strong and diverse
networks through social media. This engagement goes beyond
“joining a group” and expands into online social ties that in turn
translate into social integration, informational support,
communication, and engagement. This could be explained by
the idea that Latino immigrants, vis-à-vis their US-born
counterparts, form strong social ties and social support groups
[36-38]. Our initial findings on participants’ engagement with
social media platforms associated with the study suggest that
the value of collectivism that is part of Latino communities
carries over into online communities targeting Latinos as well.
In addition, our findings underscore the importance of social
media ties and interactions in the development of programs and
interventions to improve health outcomes. Individuals were
comfortable discussing topics related to couples, including
sexual health, non-monogamous relationships, disclosure of
HIV status, and communication skills, among others. Individuals
also shared their thoughts and the need to build couple-based
programs and counseling services.

We also encourage and suggest that social media networking
sites fully endorse and support research institutions in their
endeavors to address complex health challenges affecting
vulnerable populations. In particular, social media should help
promote low-budget studies that are not able to spend on major
advertisement campaigns through their sites. We do understand
that this commitment comes with mutual respect and
agreements. Social media sites and mobile applications,
including Grindr, SCRUFF, and others, might benefit from the
established networks as a result of the program or intervention.
For instance, social media partners could engage those
established networks by the research team through other
channels including community-based organizations and
Facebook. As the influence of social media expands, social
media sites owe and share in the social responsibility to promote
community health, and thus they should actively engage with
researchers, social activists, and community stakeholders.

Another important topic to consider is the sustainability of the
study sites and built networks. The PI will maintain the website
as a resource channel for Latino gay couples well after the
completion of the research funding cycle. This site could serve
as potential space to house future recruitment initiatives for
other studies targeting Latino gay couples. In case funding
alternatives do not work for couple-based studies, the PI will
train community stakeholders to manage the site and will
encourage monthly meetings to engage in discussion and
continue supporting those involved in the site. Other social
media channels, such as Grindr, SCRUFF, and Jack’d, will be
deactivated at the conclusion of the recruitment phase of the
study.

Limitations
Given the limited resources available to evaluate the success of
our social media recruitment tools to deliver information, a
detailed qualitative and quantitative content analysis of the
social medial channels was not feasible. In order to maintain
high ethical standards using new social medial tools, we
refrained from disclosing personal messages sent by participants
that could have provided further insights in regards to the
enhancement of participant engagement and recruitment. In
addition, we could not access the impact of delivered
information and shared knowledge on participants, including
the effect of the shared HIV and STI information, as well as
referral references and how these might have impacted
participants’ behaviors. Future studies should further analyze
how Spanish-speaking Latino MSM might benefit from a
built-in online HIV prevention intervention using existing
channels such as Facebook, Grindr, and SCRUFF, to mention
a few.

Strengths
Our success relied on the ongoing support from our stakeholders
and community partners who were involved throughout the
recruitment stage by providing critical feedback, refining
messages and contents, and guiding the process of recruitment.
As other studies have shown, the involvement of stakeholders
in the research process is key to the success of programs,
interventions, and research [39-42]. Our research staff benefited
from this type of partnership and collaboration, and it will
hopefully extend into the implementation of the HIV prevention
intervention for Latino gay couples at the community level at
a later stage of the process. Stakeholders also benefited from
this collaboration. During the meetings, the research staff
provided access to and discussed up-to-date research on the use
of social media and technology to disseminate health
information and promote wellness. In addition, three community
stakeholders were introduced, connected, and enrolled in free
English summer courses with the English as a Second Language
(Community Impact Program) Program at Columbia University.
Community involvement extends to all aspects of our adaptation
research process and will continue expanding by building trust
and exchanging information, sustaining relationships and
commitments, and sustaining and maintaining knowledge,
capacity, and values generated from the partnership.
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Conclusions
Our findings provide initial support for the feasibility of
recruiting a diverse group of monolingual Spanish-speaking
Latino gay couples and notes the strategies, including targeted
messaging, needed to recruit this population—a population that
we have found to not be so “hard to reach” after all if social
media platforms and community outreach efforts are combined
in a strategic and culturally appropriate way. The study’s social
media presence reached a substantial number of fans and
continued to engage community members and serve as a

platform for interacting and sharing information for Latino
MSM. Our interactive approach to developing recruitment
materials, implementing recruitment strategies, and filtering
content feedback with community stakeholders allowed ongoing
improvements to the recruitment materials. In the end, this
interactive approach expanded our reach within communities
of gay and other Latino MSM using these important social media
network spaces. The use of multiple social media proved highly
effective to provide a window into a population that is often
characterized as “hard to reach”.
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Abstract

Background: Although population studies have greatly improved our understanding of migraine, they have relied on retrospective
self-reports that are subject to memory error and experimenter-induced bias. Furthermore, these studies also lack specifics from
the actual time that attacks were occurring, and how patients express and share their ongoing suffering.

Objective: As technology and language constantly evolve, so does the way we share our suffering. We sought to evaluate the
infodemiology of self-reported migraine headache suffering on Twitter.

Methods: Trained observers in an academic setting categorized the meaning of every single “migraine” tweet posted during
seven consecutive days. The main outcome measures were prevalence, life-style impact, linguistic, and timeline of actual
self-reported migraine headache suffering on Twitter.

Results: From a total of 21,741 migraine tweets collected, only 64.52% (14,028/21,741 collected tweets) were from users
reporting their migraine headache attacks in real-time. The remainder of the posts were commercial, re-tweets, general discussion
or third person’s migraine, and metaphor. The gender distribution available for the actual migraine posts was 73.47% female
(10,306/14,028), 17.40% males (2441/14,028), and 0.01% transgendered (2/14,028). The personal impact of migraine headache
was immediate on mood (43.91%, 6159/14,028), productivity at work (3.46%, 486/14,028), social life (3.45%, 484/14,028), and
school (2.78%, 390/14,028). The most common migraine descriptor was “Worst” (14.59%, 201/1378) and profanity, the “F-word”
(5.3%, 73/1378). The majority of postings occurred in the United States (58.28%, 3413/5856), peaking on weekdays at 10:00h
and then gradually again at 22:00h; the weekend had a later morning peak.

Conclusions: Twitter proved to be a powerful source of knowledge for migraine research. The data in this study overlap
large-scale epidemiological studies, avoiding memory bias and experimenter-induced error. Furthermore, linguistics of ongoing
migraine reports on social media proved to be highly heterogeneous and colloquial in our study, suggesting that current pain
questionnaires should undergo constant reformulations to keep up with modernization in the expression of pain suffering in our
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society. In summary, this study reveals the modern characteristics and broad impact of migraine headache suffering on patients’
lives as it is spontaneously shared via social media.

(J Med Internet Res 2014;16(4):e96)   doi:10.2196/jmir.3265

KEYWORDS

migraine; headache; epidemiology; social media; Twitter

Introduction

Migraine affects approximately 12% of adults in the Western
world [1]. In the United States, the prevalence of migraine is
approximately 18% in women and 6% in men [2-4]. About 90%
of migraineurs have moderate to severe pain during the attacks,
75% have reduced ability to function, and 30% require bed rest
[4-6]. Although population studies have greatly improved our
understanding of migraine, they have relied on retrospective
self-reports that are subject to memory error and
experimenter-induced bias. Furthermore, these studies also lack
specifics from the actual time that attacks were occurring, and
how patients express and share their ongoing suffering.
Investigators have alluded to these limitations [7-11]; up until
now, there have been no practical means to evaluate these
observations in a geographically diverse population.

Infodemiology is a branch of science that deals with the
occurrence, distribution, and analysis of electronic information
that is used to inform the public of disease patterns and
discourse, and of their relationship to the health status of a
population. A key feature of infodemiology is the potential to
collect and analyze data in near real time [12]. In this study, we
explored the use of social media to evaluate migraine experience
using Twitter, an online micro-blogging system. Twitter [13]
allows registered users to post short text-based announcements
known as “tweets”, consisting of a maximum of 140 characters,
to an online public and accessible database. Tweets are instant,
time-stamped, and self-reported communication from hundreds
of millions of people worldwide. Tweets are usually built based
on spontaneous reports with a natural self-expression, which
makes social media a unique and innovative way to understand
how communication and sharing of pain distress evolves. Twitter
has been used as a key resource for public health surveillance,
such as monitoring prescription drug abuse [14], smoking [15],
and dietary behavior [16]. In addition, recent studies demonstrate
that data retrieved from Twitter may be used to track dental
pain [17], migraine [18], and to assess individual mood changes
[19] and happiness [20], suggesting that this tool has the
potential for describing universal human behaviors and patterns
including emotional, social, and others [20,21]. The linguistics
of suffering, as a broad context, is constantly modulated by
factors such as social, cultural, and advances in technology.
Additionally, the use of instant data avoids bias associated with
retrospective reports, increasing accuracy and sensitivity of pain
impact [11]. Nevertheless, analyses based on instant searching
tools available through the Internet for social media may
frequently lead to deceptive measurements due to the diversity
of postings that are not all directly related to patient’s suffering
as a result of migraine; for example, some tweets are associated
with drug advertisement, the metaphoric use of the word

“migraine”, and so forth [18]. To avoid these confounding
factors and to estimate the instant impact of actual self-reported
migraine headache suffering on the World Wide Web using
Twitter, we analyzed the meaning and pattern of every single
tweet message with the word “migraine” posted during an entire
seven-day period.

Major aims of this study included using social media to assess
migraine headache impact in real time to avoid memory bias,
and to identify a set of current suffering descriptors that were
not prompted by an experimenter. We report that Twitter, used
as an instrument for infodemiology [12], is a rich source of
information for migraine research with significant overlap of
data from previously published large-scale epidemiological
studies and has the potential to generate contemporary and
clinically relevant results.

Methods

Study Design
A continuous cross-sectional sample of 21,741 tweets was
collected between Saturday, April 30 (12:00:00 am) and Friday,
May 6, 2011 (11:59:59 pm). According to the official Twitter
website, a relative number of 1 billion tweets were posted
weekly during that season, with an average of 200 million tweets
per day from a total of 100 million active users [22,23]. In 2013,
there were 200 million active users, tweeting an average of 400
million tweets per day [24]. The timeframe studied was
randomly selected and it included seven consecutive days of
uninterrupted posted messages (from Saturday to the following
Friday). Hence, assumptions can only be drawn for this
particular population that use this tool in social media. The data
collected included only free, public Twitter user specific account
information, which did not require any log-in data to be
obtained.

Ethics Statement
This study was certified as exempt from human subjects review
by the University of Michigan Committee on Human Research
(reference No. HUM00054476).

Data Collection and Analysis
During the specified seven consecutive days, two investigators
alternated in eight-hour shifts compiling all messages posted
with the word “migraine” in the Twitter public search engine
[25]. All the obtained results were then saved onto a main
database. Then, in a systematic manner, three pain specialists
oriented and supervised 54 undergraduates, four graduate dental
students, and six research assistants on the reading,
interpretation, and classification of the tweets into nine
categories described below. Calibration lectures and sessions
were performed with real-time samples from the Twitter
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webpage. Furthermore, students were divided into groups under
the supervision of elected laboratory members, who answered
individual questions during personal meetings and via email in
case of uncertainty in the classification of a particular tweet.
Participation in this project was only offered following formal
lectures on primary headaches, especially migraine, and their
classification guidelines based on the International Headache
Society [26].

Subsequently, a coding system was used for in-depth
interpretation and categorization of each tweet. The categories
were: “migraine headache” (a user self-reporting having an
actual migraine headache attack), “commercial” (advertising
treatments or drugs), “metaphor” (the term migraine was used
metaphorically), “not related” (the term migraine does not
describe an actual physical experience of headache), “re-tweet”
(a re-post of a previous tweet), “third person’s” migraine
headache (information is related to another person’s migraine
headache attack), general “discussion” (general discussion on
migraine), “blanks” (missing data), and “inconclusive” (when
not possible to identify the meaning of the word migraine in
the tweet). In addition, when available, information about the
self-reported migraine headache impact on the users’ sleep,
work, social, school, mood, or debilitation was compiled using
the same methods described earlier in the text. The following
free and public information was also extracted: profile name,
gender, and geographic location. All the acquired tweets were
automatically translated to English by the Twitter website via
Google Translate; however, only tweets originally written in
English were used for linguistic analysis to avoid any translation
bias.

We analyzed the time/date of occurrence of all the global
self-reported migraine headache messages posted on Twitter
using Greenwich Mean Time (GMT) for representation of the
user time zone, ranging from 0h to 23h. However, the actual
geographic location is discretionary information for the user
and not always provided. Hence, to achieve a more
comprehensive understanding of such temporal behavior, we
isolated and then reported times in the United States (the largest
representative group) by converting the geographic location
time to the appropriate standard time, when available. For
instance, an eight o’clock posting from a user on the East Coast
in the United States was computed together with a similar
posting from another user at local eight o’clock on the West
Coast. To make sure every US tweet was corrected to the

standard time zone, the US Census Bureau database [27] was
used for each self-reported location, based on state and/or
counties. For the states that have dual time zones, the same
census database was used to estimate which time zone is more
prevalent in the state, and that was used as the standard time
zone. In addition, since the data was collected during a season
when the majority of the United States observes Daylight
Savings Time (DST), the US tweets were re-corrected for the
local time when applicable. Therefore, we were able to precisely
evaluate the temporal pattern of the self-reported migraine
headache attacks posted on social media. The temporal pattern
was based on a 24-hour time and days of the week.

All the data was compiled in Microsoft Excel, which was used
to calculate basic descriptive statistics. Frequencies were
reported for each category that was collected.

Results

Classification of Tweets in Categories
In a systematic manner, three pain specialists oriented and
supervised 54 undergraduate students, four graduate students,
and six research assistants on the reading, interpretation, and
classification of tweets into the criteria described in the Methods
section. For each posting, the following was taken into
consideration: semantics, users’ demographics, impact of the
attacks, geographic location, and time pattern.

Among the non-physical pain categories, advertising treatments
or drugs (commercial) were the most prevalent, with 8.99%
(1955 out of the 21,741 total tweets collected) prevalence.
Re-tweets had a similar prevalence (8.85%, 1923/21,741 tweets),
followed by general discussion (6.72%, 1462/21,741 tweets)
or third person’s migraine (2.05%, 445/21,741 tweets), and
metaphor (1.20%, 261/21,741 tweets). A total of 5.23% of the
tweets were inconclusive (1137/21,741 tweets), 1.99% not at
all related (434/21,741 tweets), and 0.44% were blanks
(96/21,741 tweets). Only 64.52% of all the collected tweets
(14,028/21,741) posted using the word “migraine” were an
actual self-report of physical pain suffering and other
migraine-related symptoms (Figure 1). Therefore, we used the
14,028 tweets (re-tweets and repeated tweets from the same
account were not used) for our descriptive statistical analyses
below that actually represent self-reported ongoing migraine
headache (64.52% of a total of 21,741 tweets).
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Figure 1. Classification of Tweets in Categories. Only 65% (14,028) of the 21,741 tweets were classified as self-reported migraine headache attacks.

Gender
Based on the self-reported gender, it was found that 73.47% of
the 14,028 migraine headache tweets were from females (10,306
tweets), 17.40% were from males (2441 tweets), 0.01% from

transgender (2 tweets), and 9.12% was not provided (1279
tweets). The presence of transgendered in the assessment reflects
a new trend in research studies, where the possibility of free
self-expression leads to a more accurate gender representation
of our modern society and cohort (Figure 2).

Figure 2. Gender distribution disclosed by users who reported their migraine headache attacks (n=14,028). 73.47% female (10,306 subjects), 17.40%
male (2441 subjects), 0.01% (2 subjects) self-reported as transgender, and 9.12% was not provided (1279 subjects).
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Migraine Impact
When possible, each interpretation of the tweets was also
classified based on their migraine impact. The majority of the
actual self-reported migraine headache posts generated an impact
on patients’ internal status: personal impact, mostly “mood”
with 43.91% (defined as any changes in the natural and
emotional state of mind of the individual) (6159 tweets out of
the 14,028 migraine tweets), followed by an impact on “sleep”
with 5.61% (meaning difficulties falling and staying sleep) (787
tweets). Another percentage related to personal impact included

“debilitating” with 3.61% (defined as a physically incapacitating
migraine headache) (507 tweets). The external ongoing impact
of the self-reported migraine attacks (productivity impact)
similarly and instantly affected “work” productivity with 3.46%
(impact on work productivity and/or absenteeism) (486 tweets),
“social” life with 3.45% (denoting influence and/or absenteeism
in current social activities) (484 tweets), and finally “school”
with 2.78% (impact on school productivity and/or absenteeism)
(390 tweets). Missing data in this category was 37.18% (5215
tweets) (Figure 3).

Figure 3. Impact and expression of migraine headache suffering (n=14,028). Personal impact (Internal) was predominantly on mood (43.91%, 6159
tweets). External impact was on productivity and absenteeism at work (3.46%, 486 tweets), social events (3.45%, 484 tweets), and school (2.78%, 390
tweets).

Pain Descriptors
Based on the physical tweets originally posted in English, we
compared the adjectives used to describe a real ongoing migraine
attack with the McGill Pain Questionnaire (MPQ) [28], one of
the most widely used pain descriptor and rating questionnaires
in research. In total, there were 242 descriptors used; however,
there were only 45 English descriptors used a total of 1378
times. A prevalence of the word “horrible” was evident with
6.97% (used in 96 of the 1378 tweets with descriptors), followed
by: “killing” (3.85%, used 53 times), “throbbing” (1.45%, 20
uses), “pounding” (1.16%, 16 uses), and “splitting” (0.65%, 9

uses). Conversely, subjects also expressed their migraine using
words not included in MPQ. For classification purposes, we
called these words “Not McGill”. The most frequently expressed
words in this category included: “worst” (14.59%; 201/1378
uses), “bad” (8.27%, 114 uses), “massive” (7.98%, 110 uses),
“major” (7.55%, 104 uses), and “killer” (6.46%, 89 uses).
Interestingly, profanity was also highly used to describe the
ongoing migraine attack suffering, with the “F-word” being the
most frequent in that category (5.30%, 73 uses). Furthermore,
“stupid” (4.06%, 56 uses), “…ass” (3.19%, 44 uses), “damn”
(2.03%, 28 uses), and “sucks” (1.02%, 14 uses) were also used
(Figure 4).
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Figure 4. Most common pain descriptors used (n=1378). The most frequently used word from the McGill Pain Questionnaire (MPQ) was "horrible"
(6.97%, 96 uses). Additional migraine headache adjectives (“Not McGill” words) included "worst" (14.59%, 201 uses) and profanity, the "F-word"
(5.30%, 73 uses) being most frequently used.

Geographic Distribution
The collected database is geographically diverse, since it was
composed of real-time tweets from all around the world. To
better visualize and understand the origin of the messages, we
divided the posts based on self-reported geographic location.
When in doubt about the precise location, Google Maps [29]
was used to help precisely locate the region using the Global
Positioning System (GPS), if the user made the geographical

coordinates publicly available. The vast majority of the tweets
came from North America (65.57%, 3840 out of the 5856
Twitter users who reported their location), followed by Europe
(19.89%, 1165 tweets), Asia (9.80%, 574 tweets), Oceania
(2.92%, 171 tweets), Africa (1.33%, 78 tweets), South America
(0.48%, 28 tweets), and last, Antarctica with no tweets reported.
The United States alone represented 58.28% of the data
(3413/5856 tweets) (Figure 5).

Figure 5. Percentage of migraine headache tweets by continent (n=5865). Most represented was North America with 65.57% (3840); United States
alone represented 58.28% of overall data (3413 tweets).

Temporal Pattern by Hour and Day of the Week
To have a better understanding of the online temporal behavior
of sharing and expression of actual ongoing migraine headache
suffering on the database, we organized each tweet based on
the time and day when it was posted. As an initial step, we
divided each global tweet by the day of the week it was posted.
Our analysis demonstrated a higher global prevalence of

self-reported migraine attack tweets on Tuesday (2559 of the
14,028 tweets) and Thursday (2155). It was followed by
Wednesday (2074), Saturday (1933), Monday (1909), and
Sunday (1752). A lower global prevalence of self-reported
migraine headache tweets was observed on Friday (1646).

In an effort to improve our temporal data interpretation, the
posts were divided according to the reported GMT, since it is
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the traditional method used by the Twitter website. By plotting
the information on a timeline graphic, it was possible to observe
a peak of the global migraine headache-related tweets at 14:00
GMT on Monday. This valuable information could easily lead
to misleading interpretations if not adjusted for the original
standard time of each specific geographic region where the
tweets were generated. Consequently, we selected the United
States (since it had the majority of tweets) and converted each
single tweet to their particular local time. The United States
observes DST during the spring season in several regions, which
could also lead to erroneous interpretation if not corrected for
this particular time when appropriate, during this period of the

year. Ultimately, 9:00h and 20:00h on Monday across the United
States were the actual peaks of prevalence when most Americans
were sharing on social media the occurrence of their migraine
headache attacks (Figure 6). When all weekday tweets, from
Monday to Friday, were averaged based on the timeline, this
first morning peak of migraine headache attack postings shifted
rightward to 10:00h, and then from midday, it gradually and
steadily peaked again at 22:00h. The weekend days, Saturday
and Sunday, had a similar two-peak pattern of postings, though
with a later morning peak at 11:00h, and an earlier and higher
night peak of tweets at 18:00h (Figure 6).

Figure 6. Temporal patterns of migraine headache tweets in the United States. Tweets were converted to local times and corrected for daylight savings
time. The averaged flow of migraine tweets accumulated at 10h, persisted and gradually peaked later at night (22h). During Saturday and Sunday (dashed
line in the top-left graph), the highest peak occurred at 18h.

Discussion

Principal Findings
An unbiased evaluation of spontaneous sharing and expression
of an ongoing migraine headache suffering is crucial for
clinicians and researchers to understand the pattern of the
disorder, and most importantly, the population under study.
Here, we report the use of Twitter as a research tool to assess
epidemiology and linguistics of migraine suffering in real-time
in our modern society. Our results showed not only a significant
overlap with other traditional epidemiologic studies, but also
generated unique information about who, what, how, where,
and when ongoing migraine headache suffering is shared on
social media.

The methodology used here provided an effective, but laborious
and time-consuming approach, to analyze reports of real-time
migraine headache attacks on social media. This step was
extremely important to avoid any sort of erroneous interpretation
in our study. The use of current generalized algorithm search
tools available on the Internet to effortlessly analyze altogether
a sample of migraine tweets could inevitably lead to misleading
conclusions, since they currently struggle to precisely exclude
tweets that contain the word “migraine” used for commercial
advertisement, general discussion, re-tweets, and metaphors
[18]. In our database, only 64.52% of the migraine tweets
(14,028) were an actual self-report of an ongoing migraine
headache suffering. Therefore, all the analysis generated from

this data was exclusively made using a sample of tweets from
subjects reporting the occurrence of their own migraine attacks.
Although we could not verify the accuracy of their diagnosis,
in large computer-assisted telephone interview studies in the
United States and abroad, individuals who call their headaches
a migraine are about three times more likely to have a true
migraine, based on the International Headache Society criteria
[26], than those who are unaware of the type of the headaches
they are suffering [30,31].

In this study, 73.47% of those who self-reported migraine
headache were females (10,306 subjects of the 14,028 users
who self-reported migraine) and 17.40% were males (2441
subjects). These results demonstrate and reinforce a higher
prevalence of migraine headaches among females, which is
consistent with population-based studies performed around the
world [4,31]. Similar results have also been demonstrated in a
recent study investigating the relative number of migraine
searches and self-reports on Google and Twitter [18],
respectively. Nonetheless, an in-depth evaluation of individual
tweets was not provided in that particular study. The observed
higher prevalence of migraine headaches in females could
possibly be augmented by gender differences in expressing
suffering or simply predilection of female users on social media.
Nevertheless, real-time epidemiological studies that elaborate
on point prevalence of pain/migraine and gender are lacking.
Intriguingly, our study also shows that migraine headache
suffering was prevalent in 0.01% (2 subjects) of Twitter users
that freely self-described themselves as transgendered. Although
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minor in prevalence, the information for this gender group is
not usually collected and investigated by current epidemiological
studies, which highlights the importance of the inclusion of
such gender identities in future research for better representation
of migraine populations that fall outside the conventional
female/male classification.

Migraine is a disabling form of primary headache [5], and the
reports from patients on social media reflect what it impacts in
life and society. Traditional (non-social media) epidemiological
studies have emphasized the significant migraine-related
impairment on productivity of routine and leisure activities
[6,32]. However, the instant personal impact of migraine
headache attacks freely reported in the tweets was predominantly
on mood status (43.91%, 6159 of the 14,028 migraine headache
tweets), which confirms the strong role of social media in
affective expression [19] even when related to health issues.
Second to mood status, the instant impact of migraine headache
attacks was on sleep quality (dysfunctions to fall or stay asleep)
on a minor level. This finding is consistent with previous studies
that show a decrease in sleep quality of migraineurs [33,34].
Last, the external impact of the migraine headache attacks was
immediate, as reported by migraine sufferers via tweets, and
comparable on productivity and absenteeism at work, social
events, and school (Figure 3). Since impact can be considered
a qualitative variable, and possibly the most challenging
category in this data analysis, all the students involved in this
project received specific training and orientation. This was
accomplished by calibration lectures based on real-time search
and classification of tweets with the word migraine. All lectures
in which this calibration was made were based on the
classification guidelines of the International Headache Society
[26]. In addition, each student was assigned a laboratory mentor
in case of questions. All the training was performed prior to
starting the classification, in order to ensure consistent
categorization of the migraine impact.

What inevitably differentiates human from animal pain research
is our ability to articulate the suffering experience and how we
communicate it constantly evolves. In the case of migraine, the
pulsating nature of the attacks has commonly been described
in scientific literature as “throbbing”, and is even included in
the International Headache Society criteria for migraine
diagnosis [26]. Nonetheless, migraineurs freely defined their
migraine headache attacks in multiple ways on Twitter. When
restricted to the MPQ [28], a predetermined list of words and
ratings widely used in medical contexts for measurement and
assessment of pain, the most frequently used MPQ word in their
tweets was “horrible”. It should be noted that “horrible” is used
in the questionnaire to designate the pain intensity level and not
pain quality. “Throbbing” was only the third MPQ word used,
which was preceded by “killing”, an affective descriptive word.
Additional migraine headache attack adjectives, categorized as
“Not McGill” words in this study, were twice as prevalent as

the MPQ words. “Worst” and “bad” were the leading migraine
descriptors in this group, indicating mostly the severity
differentiation by subjects of their ongoing attacks from the
common ones. In addition, as the formality of doctor-patient
communication is non-existent in Twitter, patients also felt
understandably entitled to use profanity during actual suffering,
with the “F-word” being the most frequently uttered to describe
their migraine headache attacks. In summary, linguistics of
ongoing migraine reports on social media proved to be highly
heterogeneous and colloquial in our study, suggesting that
current pain questionnaires should undergo constant
reformulations to keep up with modernization in the expression
of pain suffering in our society.

Real-time expression of migraine suffering occurs daily at the
global level via social media. It is worth highlighting that it was
at 14:00 GMT on the Monday that our planet had the highest
flow of migraine headache attack postings on Twitter. The
majority of those postings originated from North America,
where the United States represented more than half of the total
global stream. When each single tweet across the United States
was converted to its particular local time, and corrected for DST
during spring season when necessary, the largest point
prevalence of migraine headache suffering was clustered on
Monday with one peak in the morning at 9:00h and another one
at 20:00h (Figure 6). As the 9:00h peak of tweets possibly
reflected the onset of communication of migraine headache
attacks in the early mornings [35], the second and gradual peak
at night indicated that the duration of the migraine headache
suffering, and its expression through social media, persisted
and accumulated throughout the day. Curiously, general negative
affect communications on social media also tend to rise
throughout the day to a similar nighttime peak [19], and the
emotional impact of migraine may potentiate the end of the
working-day blues and vice-versa. In fact, when averaged with
the other weekdays (Monday to Friday), the flow of migraine
headache attack postings persisted and peaked even later at
night. This changed during Saturday and Sunday, when people
usually decompress from work-related stress and awaken later.
Consequently, the initial morning peak of migraine headache
attack postings during the weekend was further delayed;
however, there was an earlier and high rise of ongoing migraine
headache suffering postings at night, especially on Saturday.
However, it is worth mentioning that the relatively short sample
time may not provide the most accurate representation regarding
the flow of migraine headache postings on social media.

Conclusion
This study showed that the spontaneous flow of communication
on Twitter reflects multiple patterns of human interaction for
sharing the ongoing suffering experience, and proved to be a
rich and instant resource of knowledge regarding the actual
impact of migraine attacks in our modern society.
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Abstract

Background: There is abundant global interest in using syndromic data from population-wide health information
systems—referred to as eHealth resources—to improve infectious disease surveillance. Recently, the necessity for these systems
to achieve two potentially conflicting requirements has been emphasized. First, they must be evidence-based; second, they must
be adjusted for the diversity of populations, lifestyles, and environments.

Objective: The primary objective was to examine correlations between data from Google Flu Trends (GFT), computer-supported
telenursing centers, health service websites, and influenza case rates during seasonal and pandemic influenza outbreaks. The
secondary objective was to investigate associations between eHealth data, media coverage, and the interaction between circulating
influenza strain(s) and the age-related population immunity.

Methods: An open cohort design was used for a five-year study in a Swedish county (population 427,000). Syndromic eHealth
data were collected from GFT, telenursing call centers, and local health service website visits at page level. Data on mass media
coverage of influenza was collected from the major regional newspaper. The performance of eHealth data in surveillance was
measured by correlation effect size and time lag to clinically diagnosed influenza cases.

Results: Local media coverage data and influenza case rates showed correlations with large effect sizes only for the influenza
A (A) pH1N1 outbreak in 2009 (r=.74, 95% CI .42-.90; P<.001) and the severe seasonal A H3N2 outbreak in 2011-2012 (r=.79,
95% CI .42-.93; P=.001), with media coverage preceding case rates with one week. Correlations between GFT and influenza
case data showed large effect sizes for all outbreaks, the largest being the seasonal A H3N2 outbreak in 2008-2009 (r=.96, 95%
CI .88-.99; P<.001). The preceding time lag decreased from two weeks during the first outbreaks to one week from the 2009 A
pH1N1 pandemic. Telenursing data and influenza case data showed correlations with large effect sizes for all outbreaks after the
seasonal B and A H1 outbreak in 2007-2008, with a time lag decreasing from two weeks for the seasonal A H3N2 outbreak in
2008-2009 (r=.95, 95% CI .82-.98; P<.001) to none for the A p H1N1 outbreak in 2009 (r=.84, 95% CI .62-.94; P<.001). Large
effect sizes were also observed between website visits and influenza case data.

Conclusions: Correlations between the eHealth data and influenza case rates in a Swedish county showed large effect sizes
throughout a five-year period, while the time lag between signals in eHealth data and influenza rates changed. Further research
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is needed on analytic methods for adjusting eHealth surveillance systems to shifts in media coverage and to variations in age-group
related immunity between virus strains. The results can be used to inform the development of alert-generating eHealth surveillance
systems that can be subject for prospective evaluations in routine public health practice.

(J Med Internet Res 2014;16(4):e116)   doi:10.2196/jmir.3099

KEYWORDS

influenza; infectious disease surveillance; Internet; eHealth; Google Flu Trends; telenursing call centers; website usage; open
cohort design; public health

Introduction

There has been abundant global interest in the use of interactive
health information technology—referred to as eHealth
systems—to improve the effectiveness of infectious disease
surveillance [1]. However, similar to other eHealth applications,
surveillance systems based on eHealth data must live up to two
potentially conflicting requirements: they must be both
evidence-based and adapted to how people live within their
specific environments [2]. In other words, eHealth systems’
development, specification, and evaluation in any setting are
dependent on the infrastructure, habits, and culture in that setting
and at that point in time. This fact must be taken in regard when
transferring an eHealth system for use at other locations and
periods of time. An example of eHealth technology employed
in infectious disease surveillance is Google Flu Trends (GFT),
an Internet-based software system that uses aggregated data
from the Google search engine to estimate influenza activity
[3]. Early studies comparing GFT data to census region
influenza-like illness (ILI) data in the United States [4] and
prospectively collected sentinel data from two systems in
Australia demonstrated strong correlations [5]. However, similar
evaluations performed during the influenza A (A) pH1N1
circulation in 2009 in New Zealand [6], Singapore [7], and the
United States [8] reported inconsistencies between the GFT and
ILI data. One hypothetical reason for such inconsistencies is
that mass media coverage of an influenza outbreak can influence

behavior by motivating the layperson to seek additional
information [9]. Another possible reason may be that because
the proportion of adolescents and young adult cases varies
between influenza seasons [10], age-related information
technology and Internet use consequently impacts eHealth
surveillance performance [11].

The purpose of this study is to support evidence-based strategies
for eHealth system development in infectious disease control.
The primary study objective is to examine correlations between
GFT data, telenursing call data, health service webpage usage
data, and influenza case rates during seasonal and pandemic
influenza outbreaks. The secondary objectives are to investigate
associations between eHealth data, the media coverage of
influenza outbreaks, and the interaction between the circulating
influenza strain(s) and age-related variations in population
immunity. To avoid climate and sociogeographic factors
affecting the analyses [12,13], all data were collected from one
Swedish county (Östergötland, population 427,000) located in
South-East Sweden. The entire county population is covered
by an electronic health data repository maintained by the county
council to systematically and continuously insure the quality
of service [14]. The repository collects data from all health care
encounters provided in the county at primary and secondary
levels, as well as eHealth data from calls made by the county
residents to the nation-wide telenursing service, GFT outputs
relevant for the county, and data from visits at the county council
website (Table 1).

Table 1. eHealth systems in Östergötland county, Sweden, investigated in the study.

DescriptioneHealth systems

The GFT service was launched by the Web search engine provider Google in
2008 to track changes in the volume of online search queries related to influenza
or its symptoms [3]. For Sweden, the GFT data on Web queries are derived at
country and regional levels from a pool of search terms that relate to symptoms,
remedies, and complications of influenza and generate a trend that closely corre-
lates data on ILI.

Google Flu Trends (GFT)

Telenursing is defined as computer-supported call centers staffed by registered
nurses who perform counselling and patient triage as a means of augmenting self-
care support and regulating patient access to medical services [15]. The Swedish
national telenursing system “Healthcare Direct” is a 24/7, nurse-led, telephone
advice service with one country-wide phone number (1177). Specially-trained
nurses use a computerized decision-aid program and an Electronic Health Record
(EHR) system for every call. After each call, a chief complaint from a fixed-field
terminology register is recorded in the EHR.

Swedish “Healthcare Direct/1177” telenursing service

“Healthcare Direct/1177” also maintains a national Internet-based health informa-
tion service, with a specific website for each participating county council. This
service consists of general information pages, arranged according to topics such
as symptom evaluation guidelines and disease facts and self-management infor-
mation. Each website is also connected to a Web traffic analysis facility, which
at the time of the study was Google Analytics (GA).

Swedish “Healthcare Direct/1177” Internet health information
service
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Methods

Study Design
The study used an “open cohort” design based on the total
population of Östergötland county. Open cohort denotes that
new cohort members were included by birth or moving into the
county and other members were excluded when passing away
or moving out from the county as the cohort follow-up
progressed. To update the open study cohort, annual aggregated
data on the sex, age, and residence of the county population
were collected each year from Statistics Sweden. In accordance
with Swedish legislation (SFS 2008:355), personal identifiers
were removed from the records. The start and end time of an
influenza outbreak was defined as 8 incident ILI cases diagnosed
in the county during a floating seven-day period. The study
design was approved by the Regional Research Ethics Board
in Linköping (dnr. 2012/104-31).

Data Collection
Data on clinical influenza cases and eHealth data were collected
between November 2007 and April 2012 using the electronic
health data repository maintained by the county council. Data
from the clinical laboratories were, for this study, collected
during the period 2009-01-01 to 2010-09-15. Influenza cases
were identified by the ICD-10 codes for influenza (J10.0, J10.1,
J10.8, J11.0, J11.1, J11.8). Influenza-related telenursing calls
were identified by the chief complaint codes associated with
influenza symptoms: dyspnea, fever (child, adult), cough (child,
adult), sore throat, lethargy, syncope, dizziness, and headache
(child, adult), from the fixed-field terminology register. GFT
data for the study period were collected using a Google account
to download data on Google searches from Östergötland county
on seasonal and pandemic (for the 2009-2010 outbreak)
influenza to a database. The downloaded dataset did not consist
of absolute search rate data, but consisted of influenza Web
search data normalized with regard to total Web search volumes
by the GFT software. Usage data from the county council
webpages were collected beginning in May 2009. For technical
reasons associated with a change of software providers, data
could not be retrieved for the 2010-2011 influenza season. Usage
data from January 2012 for the Web-based information service,
measured by the numbers of visits of a certain type of page,
were collected by directly accessing the Google Analytics (GA)
Web traffic analysis instances and by retrieving data through
its application programing interface. The Web traffic data
contain information about the location of the Web user based
on the IP address of the user’s computer (at the granularity of
counties). Filters can also be applied based on keywords in page
titles or page addresses (URLs) or by pre-selecting certain
URLs. Page type refers to the kind of content the page contains,
such as factual information about influenza, self-care
information, frequently asked questions and answers, or news
pages, respectively. Data on media coverage of influenza
outbreaks were collected from the online database of the largest
newspaper in the county (Östgöta Correspondenten). The
database was searched for articles with the term “influenza”
(influensa) for the period between November 2007 and April
2012.

Data Analysis
The influenza case data defined by clinical diagnoses were
validated against case data from the microbiological laboratories
for the period 2009-01-01 to 2010-09-15. In these analyses,
both datasets were separately adjusted for week-day effects on
care resource utilization. The correlations between the number
of cases reported each day from the clinical and laboratory data
were analyzed with a 0–6 day lag. Thereafter, to analyze the
relative distribution of influenza cases between age groups, the
Relative Illness Ratio (RIR), which is the ratio of the percentage
of individuals with an influenza diagnosis in a given age group
to the percentage of the general population belonging to the
same age group, was computed for each age group and outbreak
(circulating virus type) using the formula:

RIRi=(Ci / C) / (Ni / N)

where Ciis the number of influenza cases in age group i, C is
the number of influenza cases in total, Niis the population in
age group i, and N is the total population in Östergötland county.
Further, 95% confidence intervals were calculated for each RIR,
using a method based on normal approximation of the Poisson
distribution.

In the main analyses of associations between eHealth and
influenza case data, Pearson’s correlation coefficients (r) were
examined to compare influenza case rates with the eHealth data
sources (ie, GFT data and all possible combinations of
telenursing chief complaints and website page visits with a
2-week time lag to influenza case rates). The three groupings
of chief complaints and combinations of website page types,
respectively, with the strongest correlation to the influenza case
rate for each time lag were listed. The chief complaint grouping
and website page combination with the largest correlation effect
size were chosen to be used in the final analyses. Separate
analyses were performed of correlations between media reports
(weekly rate of articles in the regional newspaper mentioning
influenza), influenza case rates, and the eHealth data sources
(GFT data and all possible combinations of telenursing chief
complaints and website page visits with a 2-week time lag to
media reports) respectively. The level of statistical significance
was set to P<.05. To denote the strength of correlations, limit
values were applied as suggested by the Cohen Scale [16]. This
scale defines small, medium, and large effect sizes as .10, .30,
and .50 respectively. The analyses were performed using SPSS
version 19, R Statistical Software version 2.15.2, and Minitab
Statistical Software version 16.1.1.

Results

Overview
The results from the validation analyses showed correlations
with large effect sizes between the number of clinically
diagnosed influenza cases per day and the corresponding number
of cases verified daily by microbiological analyses during the
validation period. The correlation with largest effect size (r=.63,
P<.001) was observed between the clinically and the
microbiologically verified cases with a two-day lag.
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The five-year study period covered four winter influenza seasons
and one pandemic outbreak; winter influenza seasons occurred
between 2008-01-21 to 2008-04-30 (B and A H1) and
2008-12-24 to 2009-03-30 (A H3N2), the pandemic outbreak
lasted from 2009-08-21 to 2009-12-22 (A pH1N1), and the two
winter influenza seasons occurring after the pandemic lasted
from 2010-12-21 to 2011-04-21 (B and A pH1N1) and
2012-01-09 to 2012-04-14 (A H3N2).

The relative infection ratios for the different age groups and
outbreaks are displayed in Figure 1. Higher-than-expected
proportions of cases were distributed in the middle-aged groups
(30-39 and 40-49 years) during all outbreaks, while
lower-than-expected proportions of cases among adolescents
and young adults (10-19 and 20-29 years) were recorded for
those winter influenza seasons when the pandemic A pH1N1
virus was not circulating.

Figure 1. Relative infection ratios (RIRs) with 95% confidence intervals for influenza outbreaks between 2007 and 2012 in Östergötland county
displayed by decennial age groups. ¤ Too few observations to allow statistical analysis.
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Correlations Between Local Media Coverage, Influenza
Rates, and eHealth Data
The correlations between local media coverage data and
influenza case rates showed large effect sizes only for the A
pH1N1 outbreak in 2009 (r=.74, 95% CI .42-.90; P<.001), and
the severe seasonal A H3N2 outbreak in 2011-2012 (r=.79, 95%
CI .42-.93; P=.001). For both outbreaks, media coverage
preceded case rates by one week. In addition, media reports
about influenza showed a peak for weeks 18-22 of 2009 that
coincided with a sharp increase in GFT activity, but these peaks

had no correspondence with influenza rates or telenursing data
(Figure 2). Correlations between media coverage and GFT
showed large effect sizes for the seasonal outbreak in 2008-2009
(r=.62, 95% CI .15-.86; P=.014), the A pH1N1 outbreak in 2009
(r=.69, 95% CI .35-.87; P=.001), and the seasonal A H3N2
outbreak in 2011-2012 (r=.77, 95% CI .39-.93; P=.002). The
strongest correlations were found for no time lag except for the
seasonal outbreak in 2012, when GFT activity preceded media
coverage by one week. Neither telenursing data nor the data
from health service provider webpages showed statistically
significant correlations with the local media coverage data.

Figure 2. Display of (a) daily rates of influenza cases, (b) daily rates of telenursing calls for indicator chief complaints (fever and syncope), (c) Google
Flu Trends output, (d) Influenza-specific website usage at local health service provider, and (e) articles mentioning influenza in major regional newspaper.
All data were collected from Östergötland County, Sweden, from November 2007 to April 2012.

Correlations Between GFT and Influenza Case Data
The correlations between GFT and influenza case data showed
large effect sizes for all outbreaks, varying between r=.69 (95%

CI .22-.90), P=.010, for the B and A H1 outbreak in 2007-2008
to r=.96 (95% CI .88-.99), P<.001, for the seasonal A H3N2
outbreak in 2008-2009 (Table 2). The time lag between GFT
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and influenza case data decreased from two weeks during the
first outbreaks to one week from the 2009 A pH1N1 pandemic,

with GFT data preceding influenza case data.

Table 2. Associations on a weekly basis between GFT data and influenza case data displayed by the correlation coefficient r (95% CI), for the five
influenza outbreaks observed in Östergötland county, Sweden, during the study period 2007-2012.

2011-20122010-201120092008-20092007-2008Outbreak time lag

A H3N2B and A pH1N1A pH1N1A H3N2B and A H1

(14 weeks)(18 weeks)(19 weeks)(15 weeks)(15 weeks)(weeks)

r (95% CI)r (95% CI)r (95% CI)r (95% CI)r (95% CI)

.83 (.54-.95)

P<.001

.57 (.14-.82)

P=.013

.79 (.53-.92)

P<.001

.66 (.23-.88)

P=.007
nsc0

.95 (.83-.98)

P<.001

.75 (.42-.90)

P=.001

.92 (.79-.97)

P<.001

.86 (.61-.96)

P<.001

ns1a

.83 (.50-.95)

P=.001

.81 (.53-.93)

P<.001

.69 (.31-.88)

P=.002

.96 (.88-.99)

P<.001

.69 (.22-.90)

P=.010
2b

aTime lag 1 week=Influenza diagnoses 1-week time shift, ie, people first Google the terms “influenza” or “swine flu” and 1 week later visit the health
services.
bTime lag 2 weeks=Influenza diagnoses 2-week time shift, ie, people first Google the terms “influenza” or “swine flu” and 2 weeks later visit the health
services.
cns=not statistically significant

Correlations Between Telenursing Call Data and
Influenza Case Data
The correlations between telenursing data and influenza case
data showed large effect sizes for all outbreaks except for the
seasonal B and A H1 outbreak in 2007-2008. The preceding
time lag for the optimal correlation changed from two weeks

for the seasonal A H3N2 outbreak in 2008-2009 to none for the
A p H1N1 outbreak in 2009 and one week for the most recent
two seasonal outbreaks (Table 3). The telenursing chief
complaints included in combinations showing the correlations
with largest effect size to influenza case data during most
seasons were fever (child, adult) and syncope.

Table 3. Associations on a weekly basis between telenursing call data and influenza case data displayed by the correlation coefficient r (95% CI), for
the five influenza outbreaks observed in Östergötland county, Sweden, during the study period 2007-2012.

2011-20122010-201120092008-20092007-2008Outbreak time lag

A H3N2B and A pH1N1A pH1N1A H3N2B and A H1

(14 weeks)(18 weeks)(19 weeks)(15 weeks)(15 weeks)(weeks)

r (95% CI)r (95% CI)r (95% CI)r (95% CI)r (95% CI)

.90 (.70-.97)

P=.008

.91 (.77-.97)

P=.001

.84 (.62-.94)

P<.001

nsnsc0

.97 (.91-.99)

P<.001

.95 (.86-.98)

P<.001

.80 (.52-.92)

P<.001

.81 (.48-.94)

P=.001

ns1a

.93 (.77-.98)

P=.002

.88 (.69-.96)

P=.001

ns.95 (.82-.98)

P<.001

ns2b

aTime lag 1 week=Influenza diagnoses 1-week time shift, ie, people first call Healthcare Direct/1177 and 1 week later visit the health services.
bTime lag 2 weeks=Influenza diagnoses 2-week time shift, ie, people first call Healthcare Direct/1177 and 2 weeks later visit the health services.
cns=not statistically significant

Correlations Between Log Data From County Council
Website and Influenza Case Data
During the 2009 A pH1N1 pandemic, the correlation with the
largest effect size between log data from the county council
website and influenza case data (r=.75, 95% CI .45-.90; P=.004)
was noted for the website section “Influenza self-care and
treatment” with no time lag, while the correlation with one week
preceding lag (website visit followed by health care visit) for

data from the section “Influenza facts” was only slightly smaller
(r=.74, 95% CI .42-.90; P=.006). For the seasonal A H3N2
outbreak in 2012, the correlation with the largest effect sizes
were noted for log data from the website section “Influenza
self-care and treatment” with no time lag to influenza cases
(r=.94, 95% CI .84-.98; P<.001) and “Influenza facts” with one
week preceding lag (r=.94, 95% CI .84-.98; P<.001).
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Correlations Between GFT Data, Telenursing Data,
and Log Data From County Council Website
The correlations between GFT data and telenursing data showed
large effect sizes for all outbreaks (Table 4). During the seasonal
outbreaks in 2007-2008 and 2008-2009, the telenursing data
preceded the GFT data by one week, while during the A pH1N1
in 2009 and the following seasonal outbreaks the GFT data
either preceded the telenursing data by one week or
corresponded in time. The correlations between GFT data and
log data from the county council website showed large effect
sizes for the two outbreaks for which data were available. For
both the A pH1N1 outbreak in 2009 (r=.87, 95% CI .69-.95;

P<.001) and the seasonal A H3N2 outbreak in 2011-2012 (r=.96,
95% CI .90-.99; P<.001), the data sources showed optimal
correlation when no time lag was introduced. Also, the
correlations between telenursing data and log data from county
council website showed large effect sizes for the outbreaks for
which data were available. For the 2009 A pH1N1 outbreak,
the data sources showed optimal correlation (r=.88, 95% CI
.71-.95; P<.001) when no time lag was introduced, while for
the seasonal A H3N2 outbreak in 2011-2012 the optimal
correlation (r=.95, 95% CI .84-.99; P<.001) was observed when
telenursing data was relocated to precede the log data from
county council website with one week lag.

Table 4. Associations on a weekly basis between GFT data and telenursing call data displayed by the correlation coefficient r (95% CI), for the five
influenza outbreaks observed in Östergötland county, Sweden, during the study period 2007-2012.

2011-20122010-201120092008-20092007-2008Outbreak time lag

A H3N2B and A pH1N1A pH1N1A H3N2B and A H1

(14 weeks)(18 weeks)(19 weeks)(15 weeks)(15 weeks)(weeks)

r (95% CI)r (95% CI)r (95% CI)r (95% CI)r (95% CI)

.90 (0.69-0.97)

P=.011

nsns.92 (0.77-0.98)

P=.001

.88 (0.65-0.96)

P=.012
−1a

.94 (0.83-0.98)

P=.001

.85 (0.63-0.94)

P=.005

.77 (0.49-0.91)

P=.034

.88 (0.68-0.96)

P=.008
nsd0

.87 (0.60-0.96)

P=.032

.94 (0.83-0.98)

P<.001

.87 (0.68-0.95)

P=.001

nsns1b

.86 (0.56-0.96)

P=.040

.81 (0.53-0.93)

P=.016

nsnsns2c

aTime −1 week=Healthcare Direct/1177 1-week time shift, ie, people first call Healthcare Direct/1177 and then use GFT one week later.
bTime lag 1 week=telenursing data 1-week time shift, ie, people first use GFT and then call Healthcare Direct/1177 one week later.
cTime lag 2 weeks=telenursing data 2-week time shift, ie, people first use GFT and then call Healthcare Direct/1177 two weeks later.
dns=not statistically significant

Discussion

Principal Findings
The primary objective of this study was to examine the
performance of data from GFT, telenursing call centers, and
health service provider websites in influenza surveillance, while
a secondary objective was to investigate associations between
eHealth data, media coverage, and the interaction between
circulating influenza strain(s) and age-related population
immunity. We found correlations with large effect sizes between
data from these eHealth sources and influenza case rates for
both seasonal and pandemic outbreaks, with the exception of
telenursing data during the seasonal B and A H1 outbreak in
2007-2008. A utilization study of the Swedish telenursing
service reported that young adults living independently
constituted a large group of callers [17]. A contributing
explanation for the inferior performance of the telenursing data
in 2007-2008 can therefore be that this winter influenza season
comprised only a small proportion of young adults (Figure 1),
which may have led to comparatively fewer individuals with
influenza symptoms contacting the telenursing service.
Regarding GFT, the findings are consistent with previous studies
conducted at the national and state levels that have reported

correlations with large effect sizes between GFT and ILI case
data [18-20] and a recent study that reported large effect size
correlations with ILI case rates at the local level [21]. Similar
to the telenursing data, GFT showed in this study lower
correlations with influenza case rates for the 2007-2008 and
2008-2009 winter seasons when comparatively fewer young
adults were diagnosed with influenza. Interestingly, we also
found that website usage data specified at page level (as
compared to search query data) from the local health service
provider showed a performance similar to GFT for the two
influenza seasons for which these data were collected.
Importantly, the webpages showing the best performance
contained information about self-care and influenza facts, rather
than general outbreak updates or materials concerning
vaccination.

Although the correlations between the eHealth data and
influenza case rates showed large effect sizes throughout the
study period, the time lag between signals in eHealth data and
increases in case rates changed. Our results thereby indicate
important distinctions in the performance of eHealth systems
for influenza surveillance. While the eHealth data tended to
precede influenza rates by two weeks during the first two
seasonal outbreaks, the time lag was reduced to one week or
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none from the pandemic outbreak in 2009 onwards. These
findings correspond with previous studies [6,7], which
concluded that eHealth data associated with infections emerge
not only from personal need, but also from an associated general
interest. In other words, a layperson’s interest in influenza
epidemiology may be triggered by media publicity. Such
differentiation is not only relevant for pandemic outbreaks. We
found in this study that the local media coverage data preceded
influenza case data by one week during the pandemic outbreak
in 2009 and the severe winter influenza season in 2011-2012.
One interpretation of these observations is that the media
coverage reflected a speculative “early warning” viewpoint on
the outbreak rather than reports of case rates. Nonetheless, when
an early warning is ambiguous or poorly validated, the public
may form misperceptions of risks that, consequently, misdirect
their behavior [22]. Among the studied eHealth systems, bias
from media coverage seemed to influence GFT in particular, as
this was the only source that showed large effect size
correlations with media coverage data. This interpretation is
further supported by the fact that the local media coverage data
and the GFT data displayed peaks without corresponding
increases in influenza case rates in April-May 2009, a period
when the “swine flu” outbreak was highlighted in international
media. Additionally, during the seasonal outbreaks in 2007-2008
and 2008-2009, the telenursing data preceded the GFT data by
one week, while during the A pH1N1 outbreak in 2009 and the
following winter influenza seasons the GFT data either preceded
the telenursing data by one week or corresponded in time.
Deviances in GFT activity during seasonal outbreaks associated
with shifts in media coverage have also been reported from the
United States in 2012-2013 influenza season [23], when the
GFT estimate for the national peak was almost double that of
the CDC. This deviance was attributed to widespread media
coverage. Evidently, eHealth data originating from self-care or
family care needs have the highest validity when used in
infectious disease surveillance. According to agenda-setting
theory, mass media have an important influence on what issues
the public consider to be important [24]. If a differentiation
cannot be made between eHealth data driven by a widespread
“lay” epidemiological interest and personal need or care of
related individuals, the corresponding data sources risk losing
their value in supplementing traditional infectious disease
surveillance. Thus, ensuring that Internet data reflect true
influenza incidence requires cross-validation with
infection-specific data. One strategy is to use telenursing data
for real-time validation of Internet data sources, since data on
complaints such as fever and cough from telenursing services
are less likely to be affected by media publicity than data
reflecting Internet activity. However, telenursing data may still
not be sufficient for cross-validation if the circulating virus
strains mainly affect the older age groups, since the telenursing
service utilization in these groups is lower. An alternative is to
use data on over-the-counter (OTC) drug sales [25], but the
availability of these data in real time may be limited in many
countries. Additionally, eHealth data sources can be analyzed
in novel ways, such as using multivariate time series methods
[26], to obtain improved situational awareness and predictive
performance. Nonetheless, these observations suggest that
regular validation of the syndromic data sources against clinical

and laboratory data is necessary when using eHealth data in
influenza surveillance.

Strengths and Limitations
The strength of this study is that it compares three eHealth data
streams over a five-year period, including both winter influenza
seasons and a pandemic influenza outbreak, and identifies
cross-correlations and time lags for the different outbreaks. The
Östergötland population is fairly representative for Sweden as
a whole, making it possible, although with care, to generalize
the results to communities in settings with similar
North-European population and geographical characteristics.
Although 15% of the Swedish population is foreign-born, the
immigrants have arrived mainly from European countries and
are well integrated in the Swedish community. There are no
reasons to assume that these immigrants’ utilization of health
care or eHealth resources differ from the remaining population
to an extent that would affect the use of eHealth data for
influenza surveillance. Moreover, there are small differences
in health care utilization between urban and rural areas in
Sweden [10] and the eHealth resources evaluated in this study
are evenly accessible in all Swedish counties. However, the
study also has important limitations that should be considered
when interpreting the results. First, influenza cases were defined
by clinical diagnosis, and microbiological validation was
restricted to a limited period of the study. However, the effect
size of the correlation between the microbiological and clinical
diagnosis rates observed in this study was large during the
validation period, and similar findings have also been reported
from other settings [18]. Second, the telenursing data were based
on chief complaint codes defined for Sweden. Some complaints,
such as fever and cough, were coded as age-specific syndromes,
while other complaints had an age-neutral coding.
Internationally standardized telenursing complaint codes would
facilitate valid and reliable recording and comparisons between
telenursing systems. Third, while data from telenursing centers
and website usage data from health service providers were
prospectively collected, the GFT data were downloaded in 2012.
It is not known if the GFT data for 2007-2011 had been
retrospectively adjusted to better correlate to recorded ILI rates.
Although it has been reported that GFT algorithms are
recalibrated every year [6,23], it is not evident whether or not
these recalibrations influence the transformed Web query data
available for download. Fourth, this study analyzed the
correlations between trends in a set of eHealth data sources and
influenza case data. For use in surveillance practice, algorithms
need to be developed to translate the time series data into
actionable alerts [27]. Finally, it should not be forgotten that
different strains of the influenza virus affect different age groups
and that eHealth surveillance may be less reliable during winter
influenza seasons when the circulating influenza strains mainly
affects the elderly in the population.

Conclusions
We found correlations with large effect sizes between eHealth
data and influenza case rates in a representative Swedish county
over a five-year period including both winter influenza seasons
and a pandemic influenza outbreak. Both telenursing center and
page-specific website usage data performed at the level of GFT.
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Although the study design does not allow us to draw conclusions
about causal associations with media coverage, we observed
that a two-week time lag between eHealth data sources and
influenza rates was reduced to one week or none from the 2009
pandemic outbreak when there was parallel intense media
coverage. Similarly, we found a tendency for eHealth
surveillance to perform worse during winter influenza seasons
when the influenza activity involved adolescents and young

adults to a lesser degree. The main theoretical implications of
the study are that analytic methods need to be developed that
adjust eHealth surveillance system to shifts in media coverage
and variations in age-group related immunity to specific virus
strains. The practical inference is that further longitudinal
research incorporating prospective evaluations of actionable
alerts [28] is required before eHealth surveillance systems can
be used in routine public health practice.
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Abstract

Background: eHealth potentially enhances quality of care and may reduce health care costs. However, a review of systematic
reviews published in 2010 concluded that high-quality evidence on the benefits of eHealth interventions was still lacking.

Objective: We conducted a systematic review of systematic reviews and meta-analyses on the effectiveness/cost-effectiveness
of eHealth interventions in patients with somatic diseases to analyze whether, and to what possible extent, the outcome of recent
research supports or differs from previous conclusions.

Methods: Literature searches were performed in PubMed, EMBASE, The Cochrane Library, and Scopus for systematic reviews
and meta-analyses on eHealth interventions published between August 2009 and December 2012. Articles were screened for
relevance based on preset inclusion and exclusion criteria. Citations of residual articles were screened for additional literature.
Included papers were critically appraised using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement before data were extracted. Based on conclusions drawn by the authors of the included articles, reviews
and meta-analyses were divided into 1 of 3 groups: suitable, promising, or limited evidence on effectiveness/cost-effectiveness.
Cases of uncertainty were resolved by consensus discussion. Effect sizes were extracted from papers that included a meta-analysis.
To compare our results with previous findings, a trend analysis was performed.

Results: Our literature searches yielded 31 eligible reviews, of which 20 (65%) reported on costs. Seven papers (23%) concluded
that eHealth is effective/cost-effective, 13 (42%) underlined that evidence is promising, and others found limited or inconsistent
proof. Methodological quality of the included reviews and meta-analyses was generally considered high. Trend analysis showed
a considerable accumulation of literature on eHealth. However, a similar percentage of papers concluded that eHealth is
effective/cost-effective or evidence is at least promising (65% vs 62%). Reviews focusing primarily on children or family caregivers
still remained scarce. Although a pooled (subgroup) analysis of aggregate data from randomized studies was performed in a
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higher percentage of more recently published reviews (45% vs 27%), data on economic outcome measures were less frequently
reported (65% vs 85%).

Conclusions: The number of reviews and meta-analyses on eHealth interventions in patients with somatic diseases has increased
considerably in recent years. Most articles show eHealth is effective/cost-effective or at least suggest evidence is promising,
which is consistent with previous findings. Although many researchers advocate larger, well-designed, controlled studies, we
believe attention should be given to the development and evaluation of strategies to implement effective/cost-effective eHealth
initiatives in daily practice, rather than to further strengthen current evidence.

(J Med Internet Res 2014;16(4):e110)   doi:10.2196/jmir.2790
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eHealth; telehealth; telemedicine; review; program effectiveness; cost effectiveness

Introduction

Willem Einthoven started experiments in 1906 with remote
consultations via the telephone network and this is when eHealth
is likely to have seen first light [1]. It was not until the 1990s
when the number of publications in this field of medicine
increased dramatically [2]. This was because of the many studies
that were carried out involving remote consultations through
video-teleconferencing and digital images to give specialists
comparable visual inspection of patients as referring doctors
[3].

In modern medical practice, eHealth interventions are
increasingly present. With nomenclature evolving rapidly, a
significant overlap between terms such as eHealth, telemedicine,
and telehealth has occurred. The American Telemedicine
Association defines telemedicine as “the use of medical
information exchanged from one site to another through
electronic communications with the purpose of improving the
health status of patients,” and considers eHealth and telehealth
as interchangeable nouns. Both words encompass a broader
definition of remote health care and also comprise related
services, including nonclinical programs such as education,
administration, and research [4]. However, telemedicine is a
term that is generally reserved for clinical patient care
applications [5].

McLean et al [6] conceptualized the definition of eHealth in a
Cochrane review on telehealthcare for asthmatic patients as “the
provision of personalized health care at a distance.” eHealth
contains the following 3 key elements: (1) data obtained from
the patient; (2) electronic transfer of data over a distance; and
(3) patient-tailored feedback from a health care professional
[5,6]. Therefore, communication in eHealth interventions is
personalized and interactive in contrast to patient information
websites on health and disease.

eHealth potentially enhances the quality of care and reduces
health care costs. It may do so by providing patient education
and counseling for primary prevention and early detection of
disease, replacing face-to-face visits with health care

professionals, collecting patient data on medical parameters
remotely, among several other mechanisms [6,7]. Because
eHealth interventions are considered complex interventions by
the Medical Research Council, difficulty may arise in the
assessment of the many interacting components of the
intervention [8].

In 2010, Ekeland et al [9] published a systematic review of
systematic reviews to evaluate the impact of eHealth
interventions on health and health care costs. The authors
concluded that high-quality evidence on health and economic
benefits was still lacking despite the large number of
publications. The primary objective of our review is to analyze
whether, and to what possible extent, the outcome of recent
research supports or differs from these previous conclusions on
the effectiveness/cost-effectiveness of eHealth interventions in
patients with somatic diseases.

Methods

Overview
Literature searches for systematic reviews and meta-analyses
on the effectiveness/cost-effectiveness of eHealth interventions
were performed in the following online databases: PubMed,
EMBASE, The Cochrane Library, and Scopus. Two of the
authors (NE, HO) independently screened all papers’ titles and
abstracts for relevance. Citations were screened through Web
of Science for additional literature.

Search Queries
Similar to Ekeland et al [9], we used the following (simplified)
search query to retrieve systematic reviews and meta-analyses
on the effectiveness of eHealth interventions: “[eHealth] AND
[effectiveness] AND [systematic review OR meta-analysis].”
To search for papers on cost-effectiveness, “AND [costs]” was
added to the aforementioned syntax. Because Ekeland et al [9]
took into consideration published works from 2005 to July 2009,
we limited our search results to articles published between
August 2009 and December 2012. Extensive search queries are
presented in Tables 1 and 2.
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Table 1. PubMed, EMBASE, The Cochrane Library, and Scopus search queries for systematic reviews and meta-analyses on the effectiveness of
eHealth interventions (search conducted on September 12, 2013).

HitsSyntaxDatabase

PubMed

48,993e health[Title/Abstract] OR ehealth[Title/Abstract] OR e consultation[Title/Abstract] OR econsulta-
tion[Title/Abstract] OR e therapy[Title/Abstract] OR e commerce[Title/Abstract] OR ecommerce[Ti-
tle/Abstract] OR email consultation[Title/Abstract] OR email consultations[Title/Abstract] OR e mail
consultation[Title/Abstract] OR e mail consultations[Title/Abstract] OR telemedicine[Title/Abstract]
OR telecare[Title/Abstract] OR teleconsultation[Title/Abstract] OR teleconsultations[Title/Abstract]
OR telehealth[Title/Abstract] OR telehomecare[Title/Abstract] OR telehealthcare[Title/Abstract] OR
telemonitoring[Title/Abstract] OR telemanagement[Title/Abstract] OR internet[Title/Abstract] OR remote
communication[Title/Abstract] OR remote communications[Title/Abstract] OR ict[Title/Abstract] OR
web based[Title/Abstract] OR web guided[Title/Abstract]

Variable 1

4,317,041effect[Title/Abstract] OR effects[Title/Abstract] OR effectiveness[Title/Abstract] OR efficiency[Title/Ab-
stract] OR efficacy[Title/Abstract]

Variable 2

76,640systematic review[Title/Abstract] OR systematic overview[Title/Abstract] OR meta-analysis[Title/Ab-
stract]

Variable 3

271#1 AND #2 AND #3 AND 2009/01/01[PDat] : 2012/12/31[PDat]Total

EMBASE

62,242(“e health” OR ehealth OR “e consultation” OR econsultation OR “e therapy” OR “e commerce” OR
ecommerce OR “email consultation” OR “email consultations” OR “e mail consultation” OR “e mail
consultations” OR telemedicine OR telecare OR teleconsultation OR teleconsultations OR telehealth
OR telehomecare OR telehealthcare OR telemonitoring OR telemanagement OR internet OR “remote
communication” OR “remote communications” OR ict OR “web based” OR “web guided”):ab,ti

Variable 1

5,216,580(effect OR effects OR effectiveness OR efficiency OR efficacy):ab,tiVariable 2

94,419(“systematic review” OR “systematic overview” OR “meta-analysis”):ab,tiVariable 3

406#1 AND #2 AND #3 AND (2008-2012)/pyTotal

Cochrane Library

15,181(e health OR ehealth OR e consultation OR econsultation OR e therapy OR e commerce OR ecommerce
OR email consultation OR email consultations OR e mail consultation OR e mail consultations OR
telemedicine OR telecare OR teleconsultation OR teleconsultations OR telehealth OR telehomecare OR
telehealthcare OR telemonitoring OR telemanagement OR internet OR remote communication OR remote
communications OR ict OR web based OR web guided):ti,ab,kw

Variable 1

389,345(effect OR effects OR effectiveness OR efficiency OR efficacy):ti,ab,kwVariable 2

29,734(systematic review OR systematic overview OR meta-analysis):ti,ab,kwVariable 3

385(#1 AND #2 AND #3):ti,ab,kw, from 2009 to 2012Total

Scopus

365,427TITLE-ABS-KEY(“e health” OR ehealth OR “e consultation” OR econsultation OR “e therapy” OR “e
commerce” OR ecommerce OR “email consultation” OR “email consultations” OR “e mail consultation”
OR “e mail consultations” OR telemedicine OR telecare OR teleconsultation OR teleconsultations OR
telehealth OR telehomecare OR telehealthcare OR telemonitoring OR telemanagement OR internet OR
“remote communication” OR “remote communications” OR ict OR “web based” OR “web guided”)

Variable 1

11,090,998TITLE-ABS-KEY(effect OR effects OR effectiveness OR efficiency OR efficacy)Variable 2

158,694TITLE-ABS-KEY(“systematic review” OR “systematic overview” OR “meta-analysis”)Variable 3

595TITLE-ABS-KEY( #1 AND #2 AND #3) AND (LIMIT-TO(PUBYEAR,2012) OR LIMIT-TO(PUB-
YEAR,2011) OR LIMIT-TO(PUBYEAR,2010) OR LIMIT-TO(PUBYEAR,2009))

Total

J Med Internet Res 2014 | vol. 16 | iss. 4 | e110 | p.192http://www.jmir.org/2014/4/e110/
(page number not for citation purposes)

Elbert et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. PubMed, EMBASE, The Cochrane Library, and Scopus search queries for systematic reviews and meta-analyses on the cost-effectiveness of
eHealth interventions (search conducted on September 12, 2013).

HitsSyntaxDatabase

PubMed

48,993e health[Title/Abstract] OR ehealth[Title/Abstract] OR e consultation[Title/Abstract])OR econsultation[Ti-
tle/Abstract] OR e therapy[Title/Abstract] OR e commerce[Title/Abstract] OR ecommerce[Title/Abstract]
OR email consultation[Title/Abstract] OR email consultations[Title/Abstract] OR e mail consultation[Ti-
tle/Abstract] OR e mail consultations[Title/Abstract] OR telemedicine[Title/Abstract] OR telecare[Ti-
tle/Abstract] OR teleconsultation[Title/Abstract] OR teleconsultations[Title/Abstract] OR telehealth[Ti-
tle/Abstract] OR telehomecare[Title/Abstract] OR telehealthcare[Title/Abstract] OR telemonitoring[Ti-
tle/Abstract] OR telemanagement[Title/Abstract] OR internet[Title/Abstract] OR remote communica-
tion[Title/Abstract] OR remote communications[Title/Abstract] OR ict[Title/Abstract] OR web
based[Title/Abstract] OR web guided[Title/Abstract]

Variable 1

4,317,041effect[Title/Abstract] OR effects[Title/Abstract] OR effectiveness[Title/Abstract] OR efficiency[Title/Ab-
stract] OR efficacy[Title/Abstract]

Variable 2

396,949cost[Title/Abstract] OR costs[Title/Abstract] OR economic[Title/Abstract] OR economically[Title/Abstract]Variable 3

76,640systematic review[Title/Abstract] OR systematic overview[Title/Abstract] OR meta-analysis[Title/Abstract]Variable 4

76#1 AND #2 AND #3 AND #4 AND 2009/01/01[PDat] : 2012/12/31[PDat]Total

EMBASE

62,242(“e health” OR ehealth OR “e consultation” OR econsultation OR “e therapy” OR “e commerce” OR
ecommerce OR “email consultation” OR “email consultations” OR “e mail consultation” OR “e mail
consultations” OR telemedicine OR telecare OR teleconsultation OR teleconsultations OR telehealth OR
telehomecare OR telehealthcare OR telemonitoring OR telemanagement OR internet OR “remote commu-
nication” OR “remote communications” OR ict OR “web based” OR “web guided”):ab,ti

Variable 1

5,216,580(effect OR effects OR effectiveness OR efficiency OR efficacy):ab,tiVariable 2

502,150(cost OR costs OR economic OR economically):ab,tiVariable 3

94,419(“systematic review” OR “systematic overview” OR “meta-analysis”):ab,tiVariable 4

113#1 AND #2 AND #3 AND #4 AND (2008-2012)/pyTotal

Cochrane Library

15,181(e health OR ehealth OR e consultation OR econsultation OR e therapy OR e commerce OR ecommerce
OR email consultation OR email consultations OR e mail consultation OR e mail consultations OR
telemedicine OR telecare OR teleconsultation OR teleconsultations OR telehealth OR telehomecare OR
telehealthcare OR telemonitoring OR telemanagement OR internet OR remote communication OR remote
communications OR ict OR web based OR web guided):ti,ab,kw

Variable 1

389,345(effect OR effects OR effectiveness OR efficiency OR efficacy):ti,ab,kwVariable 2

50,911(cost OR costs OR economic OR economically):ti,ab,kwVariable 3

29,734(systematic review OR systematic overview OR meta-analysis):ti,ab,kwVariable 4

248(#1 AND #2 AND #3 AND #4):ti,ab,kw, from 2009 to 2012Total

Scopus

365,427TITLE-ABS-KEY(“e health” OR ehealth OR “e consultation” OR econsultation OR “e therapy” OR “e
commerce” OR ecommerce OR “email consultation” OR “email consultations” OR “e mail consultation”
OR “e mail consultations” OR telemedicine OR telecare OR teleconsultation OR teleconsultations OR
telehealth OR telehomecare OR telehealthcare OR telemonitoring OR telemanagement OR internet OR
“remote communication” OR “remote communications” OR ict OR “web based” OR “web guided”)

Variable 1

11,090,998TITLE-ABS-KEY(effect OR effects OR effectiveness OR efficiency OR efficacy)Variable 2

2,205,295TITLE-ABS-KEY(cost OR costs OR economic OR economically)Variable 3

158,694TITLE-ABS-KEY(“systematic review” OR “systematic overview” OR “meta-analysis”)Variable 4

182TITLE-ABS-KEY( #1 AND #2 AND #3 AND #4) AND (LIMIT-TO(PUBYEAR,2012) OR LIMIT-
TO(PUBYEAR,2011) OR LIMIT-TO(PUBYEAR,2010) OR LIMIT-TO(PUBYEAR,2009))

Total

Inclusion Criteria
Systematic reviews and meta-analyses on eHealth interventions
in adults and/or children with somatic diseases (ie, illnesses

with a physical cause, not mental), and those focusing on family
caregivers were included. Interventions had to meet the
following 3 criteria: (1) data were obtained from the patient or
family caregiver, (2) data were electronically transferred over
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a distance, and (3) personalized feedback was given from a
health care professional. Reviews and meta-analyses of
individual studies comparing eHealth interventions to usual or
no care, and those comparing different eHealth initiatives were
assessed. We only accounted for papers reporting health-related
outcomes, costs, patient satisfaction, and/or self-management.

Exclusion Criteria
Those eHealth interventions that were not home-based (eg,
tele-ICU) or not patient or family caregiver–oriented (eg,
education of medical or nursing students and health care
professionals) were excluded. We excluded meta-analyses that
included nonrandomized studies (eg, cohort studies) unless a
subgroup analysis of randomized studies (eg, randomized
controlled trials, randomized crossover trials) was performed.
In addition, we did not assess papers written in languages other
than English or Dutch, and those for which the full-text was not
available online.

In contrast to Ekeland et al [9], we narrowed the focus of our
work by excluding reviews and meta-analyses on nonsomatic
disorders (eg, mental disorders such as anxiety, depression,
schizophrenia, and posttraumatic stress disorder) and lifestyle
changes (eg, smoking cessation and drug intervention programs)
to increase the comparability of the included papers and to limit
the search results.

Outcome Measures
Health-related effects (eg, morbidity, mortality, quality of life,
hospitalization) and health care costs (eg, health care utilization)
were defined as primary outcome measures. We considered
patient satisfaction and self-management as secondary outcome
measures.

Critical Appraisal
Before data were extracted, the included papers were critically
appraised using the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA, formerly QUOROM)
Statement [10]. The PRISMA Statement provides an
evidence-based 27-item checklist (eg, on objectives,
methodology, and limitations) for reporting in systematic
reviews and meta-analyses.

Data Extraction
Based on conclusions drawn by the authors of the included
papers, all reviews and meta-analyses were divided into 1 of 3
groups: (1) suitable, (2) promising, or (3) limited evidence that
eHealth is effective/cost-effective. Cases of uncertainty were
resolved by consensus discussion between 2 authors of the
current review (NE, HO). Effect sizes, such as standardized or
weighted mean differences, relative risks, odds ratios, and z
scores, were extracted from papers that included a pooled
(subgroup) analysis of aggregate data from randomized studies.
No attempt was made to contact authors for missing data. To
analyze whether the results of the included papers supported or
differed from previous findings by Ekeland et al [9], we
performed a trend analysis using basic statistics.

Results

Search Results
The initial search yielded a total of 1657 articles, including 619
articles that reported on cost-related outcome measures (Figures
1 and 2). Following removal of duplicates and screening of the
residual papers on preset inclusion and exclusion criteria, 30
eligible reviews remained [6,11-39], of which 19 reported on
costs [6,13,14,16,18,19,21-24,26,28,29,31,33,34,37-39].
Subsequent citation screening through Web of Science resulted
in 1 additional paper [40]. Thus, a total of 31 reviews were
retrieved (Figure 1), of which 20 (65%) reported on costs (Figure
2). Three of 31 reviews (10%) reported primarily on children
[28,37,38], and 1 of 31 (3%) focused on the effects of eHealth
interventions on family caregivers [26].

Figure 1. Flow diagram of the literature search on the effectiveness of eHealth interventions.
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Figure 2. Flow diagram of the literature search on the cost-effectiveness of eHealth interventions.

Effects of eHealth Interventions
Results per article are summarized in 3 separate tables, 1 for
systematic reviews and meta-analyses reporting eHealth
interventions are effective/cost-effective (Table 3), a second
table for papers showing evidence is promising (Table 4), and
a third table with papers underlining evidence is lacking, limited,
or inconsistent (Table 5). Table 6 demonstrates the effect
sizes-among other characteristics-reported in 14 reviews in
which a pooled (subgroup) analysis of aggregate data from
randomized studies was performed. All tables are presented
subsequently.

Effectiveness/Cost-Effectiveness of eHealth
Interventions
A total of 7 reviews (23%) showed eHealth interventions are
effective on either health or cost-related outcome measures
(Table 3) [11-17]. Study populations consisted of patients with
congestive heart failure (CHF) [13-15,17], diabetes mellitus
[12,16], and hypertension [11]. Types of interventions that were
effective/cost-effective comprised home telemonitoring
[11,13-17], Web or mobile phone-based education [12,16],
structured telephone support [14-16], and mobile phone-assisted

self-management programs [16]. Patient acceptance and
satisfaction were generally considered high.

Pooled analyses were performed in each of the 7 reviews and
demonstrated significant reduction of all-cause mortality,
all-cause hospitalization, and CHF-related hospital admissions
through home telemonitoring and structured telephone support
in patients with CHF [13-15,17]. Home telemonitoring also
resulted in significant improvement of systolic blood pressure
and nonsignificant reduction of diastolic blood pressure,
antihypertensive drug use, and therapeutic inertia (ie, unchanged
medication despite elevated blood pressure) in hypertensive
patients [11]. Web-based education and various mobile phone
interventions led to significant improvement of laboratory
parameters, such as glycosylated hemoglobin (HbA1c) and
low-density lipoprotein (LDL) cholesterol, in diabetic patients
[12,16].

Qualitative analysis of individual studies revealed several other
positive effects of eHealth interventions, including economic
benefits [14,16], reduction of the number of visits to outpatient
clinics [12], increase of disease-related knowledge and
self-management [12,14,16], and improvement of quality of
life [13,14,17].
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Table 3. Systematic reviews and meta-analyses in which eHealth interventions were shown to be effective/cost-effective.

ResultaStudy characteristic

Agarwal et al [11]

HypertensionConditions included

Europe, North AmericaGeographic area

Home telemonitoringService/intervention

HealthOutcome measures

27 RCTs included comparing home- to office-based blood pressure monitoring. Home TM was used in
7 studies and significantly improved SBP. Meta-analysis also showed reduction of DBP, higher blood

Authors’ summary of results

pressure response rates, and lower antihypertensive drug use; however, these results were not statistically
significant.

Home blood pressure monitoring significantly improved SBP compared to office-based measurements.
Reductions were even greater when TM was used.

Authors’ conclusions

Angeles et al [12]

Type 1 and 2 diabetes mellitusConditions included

Europe, North America, AsiaGeographic area

Web-based educationService/intervention

Health, patient satisfaction, self-managementOutcome measures

9 RCTs included comparing Web-based education to usual care. Meta-analysis showed a significant mean
difference in HbA1c after 3, 6, and 12 months and in LDL-cholesterol favoring Web-based education.

Authors’ summary of results

No significant difference was found for HDL-cholesterol, total cholesterol, and FPG. Other benefits in-
cluded better patient satisfaction, self-efficacy, and self-management, and reduced clinic visits. However,
1 study demonstrated no differences in health care visits or hospital patient days.

Web-based education is superior to usual care in improving HbA1c and LDL-cholesterolAuthors’ conclusions

Clarke et al [13]

Congestive heart failureConditions included

Not statedGeographic area

Home telemonitoringService/intervention

Health, costs, patient satisfaction, self-managementOutcome measures

13 RCTs included comparing home TM to usual care. Meta-analysis showed significant reduction of all-
cause mortality and CHF-related hospital admissions, favoring home TM. No significant difference was

Authors’ summary of results

found for all-cause hospital and emergency admissions. Qualitative analysis demonstrated no significant
difference in hospital length, medication adherence, and costs. 6 studies showed high patient acceptance
and satisfaction; 6 different studies reported a trend toward greater improvement of the quality of life.
Providing knowledge to the patients allows them to take greater responsibility for their own management
and increases patient empowerment.

Patients with CHF receiving home TM lived longer without increasing their use of health care facilities.
These favorable outcomes support the wider use of home TM.

Authors’ conclusions

Inglis et al [14]

Congestive heart failureConditions included

Europe, North America, Asia, Oceania, Latin AmericaGeographic area

Home telemonitoring, structured telephone supportService/intervention

Health, costs, patient satisfaction, self-managementOutcome measures

25 RCTs included, 11 and 16 of which compared home TM and STS, respectively, to usual care. Meta-
analysis showed significant reduction of all-cause mortality, favoring home TM. STS showed a similar,

Authors’ summary of results

but nonsignificant trend. Both interventions significantly reduced all-cause and CHF-related hospitalization.
Qualitative analysis demonstrated reduced costs, high patient satisfaction, and improved quality of life,
patient knowledge, and functional class.

Home TM and STS appear effective interventions in patients with CHFAuthors’ conclusions

Klersy et al [15]

Congestive heart failureConditions included
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ResultaStudy characteristic

Not statedGeographic area

Home telemonitoring, structured telephone supportService/intervention

HealthOutcome measures

32 studies (20 RCTs, 12 cohort studies) were included, comparing home TM and STS to usual care. All-
cause mortality and hospital admissions were assessed separately for RCTs and cohort studies; CHF-re-
lated hospital admissions could only be assessed for RCTs. Meta-analysis showed significant reduction
of all-cause mortality, and all-cause and CHF-related hospitalization, favoring home TM and STS.

Authors’ summary of results

Home TM and STS confer a significant protective clinical effect, compared to usual care. Mid- and long-
term cost-effectiveness of these interventions remains to be evaluated.

Authors’ conclusions

Liang et al [16]

Type 1 and 2 diabetes mellitusConditions included

Not statedGeographic area

Mobile phone interventions, including home telemonitoring, structured telephone support, education and
self-management programs

Service/intervention

Health, costs, patient satisfaction, self-managementOutcome measures

22 controlled studies (11 RCTs, 2 QRCTs, 2 COTs, 7 NCBAs) were included, assessing the effect of
various mobile phone interventions on glycemic control. Meta-analysis showed significant reduction of
HbA1c and improvement of self-management, favoring the intervention in both type 1 and 2 diabetic pa-
tients. The cost/benefit ratio of the intervention was calculated in only 5 of 22 studies; all 5 reported that
the intervention was cost-effective. Most studies reported that the patients were satisfied with the interven-
tion.

Authors’ summary of results

Mobile phone interventions effectively improve glycemic control and self-management in diabetic patients,
especially in patients with type 2 diabetes mellitus

Authors’ conclusions

Polisena et al [17]

Congestive heart failureConditions included

Europe, North America, AsiaGeographic area

Home telemonitoringService/intervention

Health, patient satisfactionOutcome measures

21 studies (11 RCTs, 6 cohort studies, 4 NUBAs) included comparing home TM to usual care. Meta-
analysis of the included RCTs showed significant reduction of all-cause mortality, favoring home TM.
Qualitative analysis suggests home TM may lower hospitalization rates and the use of other health care
services. Quality of life and patient satisfaction with home TM were similar or better than with usual care.

Authors’ summary of results

Home TM is clinically effective, but the effect on health care utilization is more limitedAuthors’ conclusions

aCHF: congestive heart failure; COT: randomized crossover trial; DBP: diastolic blood pressure; FPG: fasting plasma glucose; HbA1c: glycosylated
hemoglobin; HDL: high-density lipoprotein; LDL: low-density lipoprotein; NCBA: nonrandomized controlled before-after study; NUBA: nonrandomized
uncontrolled before-after study; QRCT: quasi-randomized controlled trial; RCT: randomized controlled trial; SBP: systolic blood pressure; STS:
structured telephone support; TM: telemonitoring.

Evidence on eHealth Interventions is Promising
Thirteen reviews (42%) were less confident about the
effectiveness/cost-effectiveness of eHealth interventions
[18-29,40], but suggested that these initiatives are promising
or bear potential (Table 4). Many of the authors claim additional
research is needed to clarify efficacy and cost-related issues.

Pooled analyses were performed in 4 reviews and presented
subsequently [22-24,27]. One review on chronic obstructive
pulmonary disease (COPD) demonstrated the capacity of
eHealth interventions to significantly reduce the number of
patients with 1 or more emergency department visits or hospital

admissions-due to exacerbation of pulmonary symptoms-over
a 12-month period [23]. eHealth interventions did not
significantly improve quality of life and all-cause mortality.
Because the interventions were often part of complex
interventions, the authors concluded that further investigation
is required to determine the precise role of eHealth. Promising
effects were also identified for Internet-based peer and clinical
visit support programs—among several other eHealth
interventions—in acute and chronic pain management [18,22].
Although the Internet was supportive in the treatment of pain,
it remained unclear what benefits could be gained and which
patients would profit most.
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Table 4. Systematic reviews and meta-analyses in which promising evidence on the effectiveness/cost-effectiveness of eHealth interventions was
reported.

ResultaStudy characteristic

Bender et al [18]

Acute and chronic painConditions included

North AmericaGeographic area

Internet-based peer and clinical visit support programs, including education and self-management programsService/intervention

Health, costs, patient satisfaction, self-managementOutcome measures

17 RCTs were included, of which 6 compared Internet-based peer and clinical visit support programs to
usual care or an existing nursing website; the other 11 articles described cognitive and behavioral inter-

Authors’ summary of results

ventions. Meta-analysis was considered inappropriate due to substantial heterogeneity among studies.
Qualitative analysis showed limited but promising evidence that Internet-based peer support programs
can lead to improvements of pain intensity, activity limitations, health distress and self-management, and
can reduce pain in children and adolescents. Insufficient evidence was found on the effects of Internet-
based clinical support interventions. Two studies found no significant difference in health care utilization;
another study showed significant difference in knowledge and patient satisfaction.

Internet-based interventions seem promising for people in pain, but it remains unclear which patients
benefit most

Authors’ conclusions

Eland-de Kok et al [19]

Chronic diseasesConditions included

Not statedGeographic area

Interactive websites with store-and-forward services, including home telemonitoring, video-teleconferenc-
ing, education, self-management programs and cardiac rehabilitation

Service/intervention

Health, costs, patient satisfactionOutcome measures

12 RCTs included assessing interactive websites with store-and-forward services as an addition to or instead
of usual face-to-face care. Meta-analysis was considered inappropriate due to substantial heterogeneity

Authors’ summary of results

among studies. Qualitative analysis showed significant improvement of physical health outcomes with
small to moderate effect sizes. Not all outcomes improved, and some measures showed comparable effect
sizes. Costs, quality of life, and patient satisfaction were rarely assessed and showed various results.

eHealth is a promising tool for treatment and self-management training of chronically ill patientsAuthors’ conclusions

Hailey et al [20]

AnyConditions included

Not statedGeographic area

In-home telerehabilitationService/intervention

Health, self-managementOutcome measures

61 studies with various types of study designs (not further specified) were included. For a variety of
populations and types of outcome, 71% of the interventions were successful, 18% were unsuccessful, and

Authors’ summary of results

for 11% the status was unclear. The reported outcomes for 51% of the interventions appeared to be clini-
cally significant. Success was not demonstrated in cardiac studies on improvements in self-efficacy and
physical activity.

In-home telerehabilitation shows promise in many fields, but compelling evidence of benefit is still limitedAuthors’ conclusions

Johansson et al [21]

StrokeConditions included

Europe, North America, AsiaGeographic area

In-home telerehabilitation, including telephone and videophone consultingService/ intervention

Health, costs, patient satisfactionOutcome measures

9 studies (4 RCTs, 4 case series, 1 qualitative analysis) were included. Qualitative analysis showed better
SF-36 scores in stroke patients who underwent in-home telerehabilitation, but this difference was not

Authors’ summary of results

significant. No significant differences were found in various secondary outcome measures such as the
Hospital Anxiety and Depression Scale, Barthel Index, modified Ranking Scale, and the use of secondary
prevention drugs since discharge. Participants reported high level of satisfaction and acceptance of the
intervention. No study reported on cost-effectiveness or resource utilization.
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ResultaStudy characteristic

In-home telerehabilitation showed promising results in poststroke care, but the quality of evidence was
low

Authors’ conclusions

McGeary et al [22]

Chronic painConditions included

Not statedGeographic area

Technology-based interventions, including structured telephone support, video-teleconferencing, self-
management programs, and outpatient telerehabilitation

Service/intervention

Health, costs, patient satisfaction, self-managementOutcome measures

10 studies (9 RCTs, 1 COT) were included, comparing a range of technologies to usual care or waiting-
list control conditions. Meta-analysis showed a significant overall benefit of eHealth interventions over
control conditions and equivalence with in-person interventions.

Authors’ summary of results

eHealth interventions can result in successful pain management, but qualitative trials are lacking. Therefore,
it is unclear exactly what benefits can be obtained.

Authors’ conclusions

McLean et al [23]

COPDConditions included

Europe, North America, AsiaGeographic area

Telehealthcare interventions, including home telemonitoring, structured telephone support, video-telecon-
ferencing and self-management programs

Service/intervention

Health, costs, patient satisfaction, self-managementOutcome measures

10 RCTs were included, comparing a range of telehealthcare interventions to usual care or face-to-face
home visits. Meta-analysis showed significant reduction of all-cause emergency department visits and
hospital admissions, favoring eHealth. Quality of life and all-cause mortality did not significantly improve.
Three studies reported on patient satisfaction using different invalidated scales.

Authors’ summary of results

Telehealthcare interventions appear to have a possible effect on quality of life and all-cause emergency
department visits and hospital admissions. Further research is needed to clarify precisely its role, since
interventions were assessed as part of a complex intervention.

Authors’ conclusions

Omboni et al [24]

HypertensionConditions included

Not statedGeographic area

Home telemonitoring, educationService/intervention

Health, costsOutcome measures

12 RCTs were included, comparing home blood pressure TM to usual care. 6 interventions incorporated
an educational component. Meta-analysis showed significant improvement of blood pressure control and
reduction of both SBP and DBP, favoring home TM. Home TM was associated with a modest, but signif-
icantly increased use of antihypertensive medications. Information on costs was available from merely a
few studies. In 1 study, quality of life tended to be higher and costs lower in the intervention group tele-
transmitting blood pressure data. Another study observed lower medication and consultation costs in the
intervention group, which were however offset by the cost of the telemonitoring equipment.

Authors’ summary of results

Home TM may represent a useful tool to improve blood pressure control and reduce adverse cardiovascular
events. Well-designed, large-scale RCTs are still needed to demonstrate its superiority and clinical useful-
ness.

Authors’ conclusions

Paré et al [25]

Chronic diseasesConditions included

Europe, North America, AsiaGeographic area

Home telemonitoring, educationService/intervention

HealthOutcome measures

J Med Internet Res 2014 | vol. 16 | iss. 4 | e110 | p.199http://www.jmir.org/2014/4/e110/
(page number not for citation purposes)

Elbert et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


ResultaStudy characteristic

62 studies (45 RCTs, 17 nonrandomized studies that were not further specified) were included to assess
the clinical effects of home TM. Meta-analysis was considered inappropriate due to substantial heterogeneity
among studies. Qualitative analysis of studies on diabetes mellitus indicated a trend toward better glycemic
control with home TM. In most trials on asthma, significant improvement of peak expiratory flows and
quality of life, and reduction of asthma-related symptoms were found. Studies on hypertension generally
demonstrated reduction of SBP and/or DBP.

Authors’ summary of results

Home TM appears to be promising in patient management, but designers of future studies should consider
ways to make this technology more effective as well as controlling possible mediating variables

Authors’ conclusions

Pron et al [40]

Cardiac arrhythmia, heart failureConditions included

Europe, North AmericaGeographic area

Internet-based device-assisted remote monitoring systems for therapeutic cardiovascular implantable
electronic devices

Service/intervention

Health, costs, patient satisfactionOutcome measures

23 studies (7 RCTs, 16 cohort studies) were included, comparing Internet-based device-assisted RMSs
to usual care. Qualitative analysis of multiple cohort studies and 2 RCTs demonstrated feasibility and
significant reduction of in-office clinic follow-ups with RMSs in the first year post implantation. Detection
rates of clinically significant events were higher and the time to a clinical decision for these events was
significantly shorter. Earlier detection was not associated with lower morbidity or mortality rates. Patient
acceptance and satisfaction were reported to be high. The incremental cost of providing RMSs was ap-
proximately Can –$409K per year (cost savings); corresponding incremental cost per patient was Can
–$98 per year.

Authors’ summary of results

RMSs have the potential to improve current surveillance systems, but there is insufficient information to
evaluate the overall impact to the health care system

Authors’ conclusions

Rietdijk et al [26]

Traumatic brain injuryConditions included

Not statedGeographic area

Technology-assisted training and support programs, including video-teleconferencing, education and self-
management interventions

Service/intervention

Health, costs, patient satisfactionOutcome measures

16 studies (7 RCTs, 4 CCTs, 5 case series) were included, qualitatively describing the effectiveness of
technology-assisted training and support programs to family caregivers of patients with traumatic brain
injury. Meta-analysis was considered inappropriate due to substantial heterogeneity among studies. All
but 1 study reported some degree of positive results on feasibility, user satisfaction, and preliminary ex-
plorations of effectiveness. No studies reported any formal cost analysis, although 1 study that provided
cost estimates noted the intervention was much less expensive than the intensive inpatient comparison
condition which had similar outcomes.

Authors’ summary of results

Technology-assisted programs seem a promising approach in the training and support of family members
of patients with traumatic brain injury

Authors’ conclusions

Samoocha et al [27]

AnyConditions included

Not statedGeographic area

Web-based interventions, including education and self-management programsService/intervention

Self-managementOutcome measures

14 RCTs included comparing Web-based education to usual care, waiting-list control conditions, or no
care in various somatic conditions. Meta-analysis showed a significant positive effect on patient empow-
erment measured with the Diabetes Empowerment Scale and on self-efficacy measured with disease-
specific scales, both favoring Web-based tools. No effects were found for self-efficacy measured with
general scales.

Authors’ summary of results

Web-based education showed positive, but generally small effects. Direct and indirect impacts of these
effects remain unknown

Authors’ conclusions

Stinson et al [28]

Chronic diseasesConditions included
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ResultaStudy characteristic

Europe, North America, AsiaGeographic area

Internet-based self-management programsService/intervention

Health, costs, self-managementOutcome measures

9 studies (7 RCTs, 1 pilot RCT, 1 quasi-experimental study) with Internet-based self-management programs
were included. Due to the limited data reported in the studies only a qualitative analysis was provided.
Seven studies demonstrated significant improvement of health-related outcome measures, compared to
the control group. There was conflicting evidence regarding the effect of Internet-based self-management
programs on disease-specific knowledge and quality of life, whereas evidence on health care utilization
was limited.

Authors’ summary of results

The Internet shows great promise as a mode of delivering self-management programs for youth with health
conditions

Authors’ conclusions

Van den Berg et al [29]

Elderly people with chronic diseasesConditions included

Europe, North America, Asia, Oceania, Latin AmericaGeographic area

Telemedicine interventions, including home telemonitoring, structured telephone support, video-telecon-
ferencing, education, self-care training and telerehabilitation

Service/intervention

Health, costs, patient satisfaction, self-managementOutcome measures

68 studies (56 RCTs, 12 CCTs) were included, a range of technologies to one another or to usual care in
elderly people with chronic diseases. Literature shows predominantly positive results with a clear trend
toward better results for telemedicine interventions, independent of the diagnosis group. 36 studies com-
prised an economic endpoint, of which 15 showed positive and 2 mixed results. None of the studies reported
a significantly better outcome for the control group.

Authors’ summary of results

The many positive examples provided in the literature indicate the considerable potential of eHealthAuthors’ conclusions

aCCT: nonrandomized controlled clinical trial; COPD: chronic obstructive pulmonary disease; COT: randomized crossover trial; DBP: diastolic blood
pressure; RCT: randomized controlled trial; RMS: remote monitoring systems; SBP: systolic blood pressure; SF: short form; TM: telemonitoring.

Qualitative analysis of individual studies revealed many other
promising effects of eHealth interventions, for example,
Internet-based device-assisted remote monitoring systems in
patients with cardiovascular implantable electronic devices [40],
in-home telerehabilitation in routine care of patients with stroke
and other somatic diseases [20,21], technology-assisted training
and support programs for family members of patients with
traumatic brain injury [26], and Web-based education to increase
patient empowerment [27]. Paré et al [25] assessed the clinical
effects of home telemonitoring in patients with a variety of
chronic diseases. The authors highlight the fact that home
telemonitoring allows for closer follow-up of individual patients’
conditions and for early detection of warning signs in case of
health deterioration. However, they claim larger trials are needed
to confirm the clinical effects of home telemonitoring.

Evidence on eHealth Interventions Is Lacking, Limited
or Inconsistent
Eleven reviews (35%) underlined that evidence on the
effectiveness/cost-effectiveness of eHealth interventions is still
lacking, limited, or inconsistent (Table 5) [6,30-39]. In many
articles, the poor methodological quality of individual studies

is criticized, and ambiguous or conflicting findings are
emphasized.

McLean et al [6] conducted a Cochrane review of 21 RCTs on
a range of eHealth interventions in patients with asthma.
Meta-analysis did not show a clinically important improvement
of disease-specific quality of life, and no significant reduction
of all-cause emergency department visits over a 12-month period
was found (Table 6). The authors concluded that eHealth is
unlikely to result in clinically relevant improvements of
health-related outcome measures in patients with relatively mild
disease, but does appear to have the potential to reduce all-cause
hospital admissions in those with more severe disease.

Shulman et al [37] studied the impact of eHealth interventions
involving transmission of blood glucose data in youth with type
1 diabetes mellitus. Pooled analyses showed no apparent effect
of the interventions on HbA1c or acute complications, such as
severe hypoglycemia and diabetic ketoacidosis (Table 6). The
limited data available on patient satisfaction and costs also
suggested no differences between the intervention and the
comparison group.
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Table 5. Systematic reviews and meta-analyses in which no, limited, or inconsistent evidence on the effectiveness/cost-effectiveness of eHealth
interventions was reported.

ResultaStudy characteristic

Baron et al [30]

Type 1 and 2 diabetes mellitusConditions included

Europe, North America, AsiaGeographic area

Mobile phone telemonitoringService/ intervention

HealthOutcome measures

20 studies (12 RCTs, 4 NUBAs, 2 pilot COTs, 1 NCBA, 1 pilot NUBA) were included. Of the 15 controlled
studies, 9 compared mobile phone telemonitoring to standard care and 6 to a different (eHealth) intervention.

Authors’ summary of results

Qualitative analysis demonstrated mixed results of diet-focused interventions. Evidence on the effect of
nondietary interventions in patients with type 1 diabetes mellitus was inconclusive. Of the 13 studies re-
porting on patients with type 2 diabetes mellitus, 7 found structured mobile phone support to be more ef-
fective than other eHealth interventions and standard care in reducing HbA1c.

Evidence on the effectiveness of mobile phone telemonitoring was inconsistent and remains weakAuthors’ conclusions

Bolton et al [31]

COPDConditions included

Not statedGeographic area

Home telemonitoring, educationService/ intervention

Health, costsOutcome measures

6 studies (2 RCTs, 2 NCBAs, 2 NUBAs) on home TM were included, of which some had an educational
element. Meta-analysis was considered inappropriate, because individual studies were underpowered, had

Authors’ summary of results

heterogeneous patient populations and had a lack of detailed intervention description. Qualitative analysis
showed positive results on health and costs.

The benefit of home TM in patients with COPD is not yet proven and further research is required before
large-scale implementation

Authors’ conclusions

Ciere et al [32]

Congestive heart failureConditions included

Europe, North AmericaGeographic area

Telehealthcare interventions, including home telemonitoring and educationService/ intervention

Self-managementOutcome measures

12 studies (9 RCTs, 1 pilot RCT, 1 CCT, 1 NUBA) were included, comparing various telehealthcare in-
terventions to usual care or to home nurse visits. Meta-analysis was considered inappropriate due to sub-

Authors’ summary of results

stantial heterogeneity among studies. Qualitative analysis showed inconclusive evidence that telehealthcare
interventions improve patient knowledge, self-care, or self-efficacy.

Literature provides insufficient evidence to robustly support or disprove beneficial effects of telehealthcare
interventions in patients with CHF

Authors’ conclusions

Franek [33]

COPDConditions included

Not statedGeographic area

Home telemonitoring, structured telephone supportService/ intervention

Health, costs, patient satisfaction, self-managementOutcome measures

5 studies (3 RCTs, 2 CCTs) were included, comparing home TM to usual care in patients with moderate
to severe COPD; another RCT compared STS to usual care. Meta-analysis was considered inappropriate

Authors’ summary of results

due to substantial heterogeneity among studies. Qualitative analysis showed nonsignificant or conflicting
effects of home TM for all outcome measures, including health care utilization, mortality, quality of life,
number of exacerbations, patient satisfaction, and safety. Low quality evidence showed significant benefit
in favor of STS for self-efficacy and emergency department visits, but nonsignificant results for hospital-
ization and hospital length of stay. The economic impact of both interventions was uncertain.

Low to very low quality evidence found nonsignificant or conflicting effects of home TM for all outcome
measures. Low quality evidence showed significant benefit of STS for self-efficacy and emergency de-
partment visits, but nonsignificant results for hospitalization and hospital length of stay.

Authors’ conclusions
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ResultaStudy characteristic

McLean et al [6]

AsthmaConditions included

Europe, North America, Asia, Oceania, Latin AmericaGeographic area

Telehealthcare interventions, including home telemonitoring, structured telephone support, video-telecon-
ferencing, education and self-management programs

Service/ intervention

Health, costs, patient satisfactionOutcome measures

21 RCTs were included, comparing a range of technologies to (enhanced) face-to-face usual care. Meta-
analysis showed no clinically important improvement of disease-specific quality of life, and no significant
reduction of all-cause emergency department visits over 12 months was found. However, all-cause hospital
admissions over 12 months were significantly reduced, particularly in patients with severe asthma. Costs
were favorable to continuing the intervention where hospitalization was prevented, but this was not true
for all studies.

Authors’ summary of results

Telehealthcare interventions are unlikely to result in clinically relevant improvements in patients with
relatively mild asthma, but do appear to have the potential to reduce all-cause hospital admissions in those
with more severe disease

Authors’ conclusions

Mistry [34]

AnyConditions included

Predominantly Europe and North AmericaGeographic area

Telemedicine and telecare interventions not otherwise specifiedService/ intervention

CostsOutcome measures

80 studies (38 CCAs, 18 CMAs, 15 CEAs, 7 CUAs, 2 CBAs) were included. Economic tools are increas-
ingly being used to evaluate telemedicine and telecare interventions, but transparency in the reporting of
methodologies and results is required. Literature showed no general agreement whether eHealth interven-
tions were cost-effective, compared to conventional means.

Authors’ summary of results

Literature provides no conclusive evidence on the cost-effectiveness of telemedicine and telecare interven-
tions

Authors’ conclusions

Ryhänen et al [35]

Breast cancerConditions included

North AmericaGeographic area

Internet or interactive computer-based educationService/ intervention

Health, patient satisfaction, self-managementOutcome measures

14 studies (9 RCTs, 2 CCTs, 3 quasi-experimental studies) were included, comparing Internet or interactive
computer-based education to various control conditions, such as usual or no care, waiting-list control
conditions, and discussion with counselors or physicists. Meta-analysis was considered inappropriate due
to substantial heterogeneity among studies. Literature suggests that Internet or interactive computer-based
education increase patients’ knowledge and health information competence, and positively affect patient
satisfaction.

Authors’ summary of results

No clear effect on patient outcome measures could be identified, because effects differed across studiesAuthors’ conclusions

Saksena [36]

HypertensionConditions included

Europe, North America, AsiaGeographic area

Computer-based educationService/ intervention

Health, self-managementOutcome measures

5 studies (4 RCTs, 1 CCT) were included, assessing the effects of computer-based education on knowledge,
self-management, and blood pressure control. Different control conditions were used, including usual
care, pamphlet and website registration, and searching Yahoo. Meta-analysis was considered inappropriate
due to substantial heterogeneity among studies. Quantitative analysis showed significant improvement of
knowledge in 3 studies; self-management improved significantly in another study. Only 1 study demon-
strated a significant increase of patients with controlled blood pressure before and after the intervention.

Authors’ summary of results

Computer-based education is insufficient to replace provider-based educationAuthors’ conclusions

Shulman et al [37]
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ResultaStudy characteristic

Type 1 diabetes mellitusConditions included

Not statedGeographic area

Home telemonitoring, educationService/ intervention

Health, costs, patient satisfactionOutcome measures

10 RCTs were included, comparing a range of technologies involving transmission of blood glucose data
followed by unsolicited scheduled clinician feedback to usual care in youth with type 1 diabetes mellitus.
Some studies incorporated an educational co-intervention. Meta-analysis showed no significant effect of
the interventions on HbA1c, severe hypoglycemia or diabetic ketoacidosis. Limited data on patient satis-
faction, quality of life, and costs also suggest no group differences.

Authors’ summary of results

It is unlikely that eHealth interventions have a substantial effect on glycemic control or acute complicationsAuthors’ conclusions

Welsh et al [38]

AsthmaConditions included

North America, OceaniaGeographic area

Home-based educationService/ intervention

Health, costsOutcome measures

12 RCTs were included, comparing home-based education to usual care in children with asthma. Meta-
analysis showed no significant difference in the mean number of exacerbations requiring emergency de-
partment visits. Narrative analysis demonstrated improvement of quality of life in both groups over time.
None of the studies analyzed cost-effectiveness.

Authors’ summary of results

Inconsistent evidence was found for home-based education compared to usual careAuthors’ conclusions

Wootton [39]

Chronic diseasesConditions included

Not statedGeographic area

Telemedicine interventions, including home telemonitoring, structured telephone phone support, video-
teleconferencing, education and self-management programs

Service/intervention

Health, costs, self-managementOutcome measures

In total, 141 RCTs were included. Meta-analysis was considered inappropriate due to substantial hetero-
geneity among studies. Most studies reported positive or weakly positive effects, and almost none reported
negative effects. There was no significant difference in effect between diagnosis groups. There have been
very few studies on cost-effectiveness.

Authors’ summary of results

The evidence base for the value of eHealth is generally weak and contradictoryAuthors’ conclusions

aCBA: cost-benefit analysis.; CCA: cost-consequences analysis; CCT: nonrandomized controlled clinical trial; CEA: cost-effective analysis; CHF:
congestive heart failure; CMA: cost-minimization analysis; COPD: chronic obstructive pulmonary disease; COT: randomized crossover trial; CUA:
cost-utility analysis; HbA1c: glycosylated hemoglobin; NCBA: nonrandomized controlled before-after study; NUBA: nonrandomized uncontrolled
before-after study; RCT: randomized controlled trial; STS: structured telephone support; TM: telemonitoring.
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Table 6. Characteristics of 14 systematic reviews in which a meta-analysis was performed.

HeterogeneityfEffect size (95% CI)eOutcomedControlcInterventioncConditionbDesign (n)aStudy

Meta-analyses reporting eHealth interventions are effective/cost-effective

NRSMD=–3.20 (–4.66, –1.73)SBPOffice-based
monitoring

Home TMHTRCT (5)Agarw-
al et al
[11]

NRSMD=–1.63 (–2.47, –0.79)DBP

NRRR=1.17 (1.02, 1.34)Blood pressure

response

NRRR=2.18 (0.20, 23.68)Antihypertensive
drug use

0/0/783 m: WMD=–0.71 (–1.00,
–0.43)/6 m: WMD=–0.52 (–0.75,

HbA1cUsual careWeb-based
education

Type 1 and
2 DM

RCT (9)Angeles
et al
[12] –0.29)/12 m: WMD=–0.55

(–0.70, –0.39)

0/853 m: WMD=–0.47 (–1.30,
0.35)/12 m: WMD=–0.80 (–2.81,
1.20)

FPG

11WMD=–0.23 (–0.28, –0.19)LDL-cholesterol

83WMD=–0.00 (–0.15, 0.15)HDL-cholesterol

70WMD=–0.14 (–0.53, 0.25)Total cholesterol

51RR=0.77 (0.61, 0.97)All-cause mortalityUsual careHome TMCHFRCT (13)Clarke
et al
[13]

59RR=0.99 (0.88, 1.11)All-cause hospital
admissions

0RR=0.73 (0.62, 0.87)CHF-related hospital
admissions

82RR=1.04 (0.86, 1.26)All-cause ED visits

0RR=0.66 (0.54, 0.81)All-cause mortalityUsual careHome TMCHFRCT (11)Inglis et
al [14]

78RR=0.91 (0.84, 0.99)All-cause hospital
admissions

39RR=0.79 (0.67, 0.94)CHF-related hospital
admissions

0RR=0.88 (0.76, 1.01)All-cause mortalityUsual careSTSCHFRCT (16)

24RR=0.92 (0.85, 0.99)All-cause hospital
admissions

7RR=0.77 (0.68, 0.87)CHF-related hospital
admissions

0RR=0.83 (0.73, 0.95)All-cause mortalityUsual careHome TM,
STS

CHFRCT (20)Klersy
et al
[15]

18RR=0.93 (0.87, 0.99)All-cause hospital
admissions

2RR=0.71 (0.64, 0.80)CHF-related hospital
admissions

NRSMD=0.5 (0.2, 0.8)HbA1cNRMobile phone
interventions

Type 1 and
2 DM

RCT (11)Liang et
al [16]

0RR=0.60 (0.45, 0.81)All-cause mortalityUsual careHome TMCHFRCT (11)Polisena
et al
[17]

Meta-analyses reporting promising evidence on effectiveness/cost-effectiveness of eHealth interventions
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HeterogeneityfEffect size (95% CI)eOutcomedControlcInterventioncConditionbDesign (n)aStudy

Q=15.73
(P=.07)

z=–4.74 (–0.9, –0.4)Pain intensity ratingsUsual care
or waiting
list

STS, VTC,
self-manage-
ment pro-
grams and out-
patient telere-
habilitation

Chronic
pain

RCT (9),
COT (1)

McGeary
et al
[22]

0OR=1.05 (0.63, 1.75)All-cause mortalityUsual care
or face-to-
face home
visits

Home TM,
STS, VTC and
self-manage-
ment pro-
grams

COPDRCT (10)McLean
et al
[23]

0OR=0.46 (0.33, 0.65)All-cause hospital
admissions

77OR=0.27 (0.11, 0.66)All-cause ED visits

51SMD=–6.57 (–13.62, 0.48)Quality of lifeg

66WMD=5.64 (7.92, 3.36)SBPUsual careHome TM, ed-
ucation

HTRCT (12)Omboni
et al
[24]

57WMD=2.78 (3.93, 1.62)DBP

78RR=1.31 (1.06, 1.62)Blood pressure

control

79WMD=0.22 (0.02, 0.43)Antihypertensive
drug use

0SMD=0.61 (0.29, 0.94)EmpowermenthUsual care,
waiting list,
or no care

Web-based
education and
self-manage-
ment pro-
grams

AnyRCT (14)Samoocha
et al
[27]

27SMD=0.23 (0.12, 0.33)Self-efficacy

(disease-specific)

27SMD=0.05 (–0.25, 0.35)Self-efficacy

(general)

Meta-analyses reporting lacking, limited or inconsistent evidence on the effectiveness/cost-effectiveness of eHealth interventions

84/03 m: OR=0.47 (0.01, 36.46)/12
m: OR=0.21 (0.07, 0.61)

All-cause hospital
admissions

(Enhanced)
face-to-face
usual care

Home TM,
STS, VTC, ed-
ucation and
self-manage-
ment pro-
grams

AsthmaRCT (21)McLean
et al [6]

29OR=1.16 (0.52, 2.58)All-cause ED visits

24WMD=0.08 (0.01, 0.16)Quality of lifei

0WMD=–0.12 (–0.35, 0.11)HbA1cNRHome TM, ed-
ucation

Type 1 DMRCT (10)Shul-
man et
al [37]

0OR=1.42 (0.22, 9.32)Severe hypo-
glycemia

0OR=1.02 (0.24, 4.23)Diabetic

ketoacidosis
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HeterogeneityfEffect size (95% CI)eOutcomedControlcInterventioncConditionbDesign (n)aStudy

NR/NR6 m: WMD=0.04 (–0.20,
0.27)/12-18 m: WMD=–0.32
(–0.74, 0.10)

Asthma-related ED
visits

Usual careHome-based
education

AsthmaRCT (12)Welsh
et al
[38]

aRCT: randomized controlled trial; COT: randomized crossover trial.
bHT: hypertension; CHF: congestive heart failure; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease.
cTM: telemonitoring; STS: structured telephone support; VTC: video-teleconferencing; NR: not reported.
dSBP: systolic blood pressure; DBP: diastolic blood pressure; HbA1c: glycosylated hemoglobin; FPG: fasting plasma glucose; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; ED: emergency department.
eSMD: standardized mean difference also known as Cohen’s d; a conventional rule is to consider a Cohen’s d of 0.2 as small, 0.5 as medium, and 0.8
as large [41]; RR: relative risk; WMD: weighted mean difference.
fUnless otherwise indicated, data are presented as a percentage of variation across studies that is due to heterogeneity (ie, I2 statistic). An I2 value greater
than 50 is considered as substantial heterogeneity and may indicate that quantitative analysis is inappropriate [17,42].
gUsing the St. George’s Respiratory Questionnaire.
hUsing the Diabetes Empowerment Scale.
iUsing the Juniper Asthma Quality of Life Questionnaire.

Methodological Quality of Reviews and Meta-Analyses
Among the systematic reviews and meta-analyses described in
the current review are 4 high-quality Cochrane reviews
[6,14,23,38]. Following the PRISMA Statement [10], the
methodological quality of the other included papers was
generally considered high. Nearly all authors provided search
queries and selection criteria, described the process of data
extraction, presented the results and limitations of individual
studies, and demonstrated the implications of their outcome for
daily practice and future research. If the authors received
external funding, this was reported.

Some discrepancy between reviews was observed in terms of
defining eHealth. For example, McLean et al [6] excluded
Web-based tools and interventions for self-management in their
Cochrane review on asthma patients because health care
professionals were not actively involved with the ongoing
delivery of the intervention. McGeary et al [22] chose a broader
definition in their work on telehealth trials in pain management,
including all studies that assessed a technology-based
intervention extending care beyond the health care professional’s
office.

Many authors did not conduct a meta-analysis because of
important differences perceived in study populations,

interventions and outcome measures [18,19,25,26,31-33,
35,36,39]. Instead, they performed a qualitative analysis of their
findings. Several papers presented the results of a pooled

analysis or subanalysis, despite substantial heterogeneity (ie, I2

value >50) [6,12-14,23,24]. Three studies did not report
heterogeneity [11,16,38].

Trend Analysis
Since the publication by Ekeland et al in 2010 [9], the number
of systematic reviews and meta-analyses on eHealth
interventions in patients with somatic diseases has grown
considerably (Table 7). In addition, 4 Cochrane reviews have
recently been published [6,14,23,38]. However, a similar
percentage of papers concluded that eHealth is
effective/cost-effective or evidence is at least promising (65%
vs 62%). Reviews focusing primarily on children or family
caregivers still remain scarce. Between 2009 and 2012, home
telemonitoring and video-teleconferencing were less frequently
subject to a systematic review and/or meta-analysis on eHealth
interventions, whereas educational tools and self-management
programs were encountered more often. Data on economic
outcome measures were less frequently reported in recent papers.
Other study characteristics (eg, geographic area) barely differed
between our review and the review by Ekeland et al [9].
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Table 7. Trend analysis of differences in study characteristics of the current review compared with the review by Ekeland et al [9] published in 2010.

Ekeland et alCurrent reviewStudy characteristic

2005-20092009-2012Inclusion period, years

2631Systematic reviews, n

7 (27)14 (45)Meta-analyses, n (%)

0 (0)4 (13)Cochrane reviews, n (%)

Study population, n (%)

0 (0)3 (10)Children/adolescents only

1 (3.8)1 (3.2)Family caregivers only

Geographic area, n (%)

17 (65)15 (48)Europe

18 (69)18 (58)North America

8 (31)11 (35)Asia

5 (19)4 (13)Oceania

4 (15)3 (10)Latin America

0 (0)0 (0)Africa

8 (31)13 (42)Not explicitly stated

Authors’ conclusions, n (%)

8 (31)7 (23)Effective/cost-effective

8 (31)13 (42)Promising

10 (38)11 (35)Limited/inconsistent

Outcome measure, n (%)

24 (92)28 (90)Health

22 (85)20 (65)Costs

16 (62)17 (55)Patient satisfaction

14 (54)16 (52)Self-management

Intervention components, n (%)

21 (81)19 (61)Home telemonitoring

12 (46)10 (32)Structured telephone support

11 (42)8 (26)Video-teleconferencing

12 (46)17 (55)Education

7 (27)11 (35)Self-management programs

4 (15)5 (16)Telerehabilitation

0 (0)1 (3.2)Telemedicine (not otherwise specified)

Discussion

The term eHealth can be defined briefly as the delivery of
personalized health care at a distance through the use of
technology. It is hypothesized that this field of medicine
potentially enhances the quality of health care, with
simultaneous reduction of health care costs. To support this
hypothesis, we undertook a systematic review of systematic
reviews and meta-analyses on the effectiveness/
cost-effectiveness of eHealth interventions in patients with
somatic diseases. In addition, we performed a trend analysis to

compare current findings with results from a systematic review
by Ekeland et al published in 2010 [9].

In recent years, literature on eHealth has accumulated
considerably. We found a total of 31 reviews, of which 20 (65%)
concluded that eHealth interventions are effective/cost-effective
or evidence is at least promising. Only 11 reviews (35%) showed
no, limited, or inconsistent proof. These findings are consistent
with the results from the review by Ekeland et al [9] (Table 7).
Furthermore, trend analysis shows reviews focusing primarily
on children or family caregivers still remain scarce. Although
a pooled (subgroup) analysis of aggregate data from randomized
studies was performed in a higher percentage of more recently
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published reviews (45% vs 27%), data on economic outcome
measures were less frequently reported (65% vs 85%).

Because our review is a systematic review of systematic reviews
and meta-analyses, it holds 2 important limitations. Firstly, we
relied on the adequate inclusion and critical appraisal of
individual studies, as well as on a correct interpretation of study
results by the authors of the reviews and meta-analyses included
in the current review. We did not investigate whether reviews
on similar topics comprised identical studies; neither did we
examine possible discrepancies in the analyses of these
individual studies when included in more than one review or
meta-analysis. Noteworthy, systematic reviews of systematic
reviews have been conducted before in other fields of medicine,
including reconstructive surgery and neuroradiology [43,44].

Secondly, reviews differed substantially in terms of study
populations, intervention components, comparison groups, and
outcome measures, for example. Therefore, it is difficult to
identify which patients are likely to benefit from which specific
intervention. Home telemonitoring and structured telephone
support seemed to be effective/cost-effective in patients with
CHF (Table 3), whereas evidence on both interventions seemed
limited or inconsistent in patients with chronic pulmonary
diseases (Table 5). Meta-analysis was often impeded because
of heterogeneity among individual studies. This may have
demanded careful conclusions from the authors of that particular
review. In several reviews, a pooled (subgroup) analyses was
presented despite substantial heterogeneity among individual

studies (ie, I2 value >50) [17,42]. Publication bias may have
been the result of the exclusion of small individual studies with
negative results, which could have ultimately lead to
overestimation of benefits [45,46]. Noteworthy, Ciere et al [32]
proposed methodological weaknesses may be partially because
of artifacts of poor reporting, rather than being a reflection of
poor study design or implementation.

Regarding the aforementioned methodological shortcomings,
Ekeland et al [47] performed a systematic review in which they
summarize methodologies used in research on eHealth
interventions, discuss knowledge gaps, and postulate
recommendations for methodological approaches for future
research. Furthermore, we agree with recommendations made
in previous reports to overcome the problem of between-study
differences: researchers should adhere to and make transparent
use of reporting guidelines appropriate for specific study
designs. These guidelines may include Consolidated Standards
of Reporting Trials (CONSORT)-EHEALTH for RCTs on
eHealth interventions, Transparent Reporting of Evaluations
with Nonrandomized Designs (TREND) and Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)
for observational studies in general, and Workgroup for
Intervention Development and Evaluation Research (WIDER)
recommendations for the reporting of behavioral interventions
[32,48-51].

Because pilot schemes are often limited to fewer than 100
patients, many researchers in the past decade have advocated
larger RCTs with standardized study designs to provide definite
proof on the effectiveness/cost-effectiveness of eHealth
interventions. Results of the recent Whole System Demonstrator
trial—involving 3230 patients with diabetes mellitus, COPD,
and CHF—showed that eHealth interventions are associated
with lower mortality and emergency admission rates [52]. In
our opinion, these results should provide an important stimulus
to invest in the incorporation of eHealth in daily practice.
However, implementation difficulties, such as resistant or
refractory behaviors of health care professionals, are an
international phenomenon [53]. The Normalization Process
Theory (NPT), a sociological theory that provides a framework
for understanding the relationship between technology and the
social environment, has been used to develop implementation
tools such as the eHealth Implementation Toolkit (E-HIT)
[54,55].

Although large, well-designed RCTs are likely to further support
the evidence on the effectiveness/cost-effectiveness of eHealth
initiatives, we believe it is more desirable to focus on
overcoming the problematic gap between pilot schemes and
daily practice. As proposed in both reviews by Ekeland et al
[9,47], formative process assessments and complexity studies
can be further explored to achieve this goal.

In conclusion, the number of reviews and meta-analyses on the
effectiveness/cost-effectiveness of eHealth interventions in
somatic diseases has increased considerably in recent years.
The majority of these papers show eHealth is
effective/cost-effective, or at least suggests evidence is
promising, which is consistent with previous findings. Data on
economic outcome measures were less frequently reported in
articles that were published more recently. This is an interesting
finding, given the importance of formal cost analyses when
considering implementation of eHealth interventions in daily
practice. Although many researchers advocate larger,
well-designed, controlled studies, we believe attention should
be given to the development and evaluation of strategies to
implement effective/cost-effective eHealth initiatives, rather
than to further strengthen the evidence that has already been
made available.
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Abstract

Background: Electronic patient-reported outcomes (PRO) provide quick and usually reliable assessments of patients’health-related
quality of life (HRQL).

Objective: An electronic version of the Patient-Reported Outcomes Quality of Life-human immunodeficiency virus
(PROQOL-HIV) questionnaire was developed, and its face validity and reliability were assessed using standard psychometric
methods.

Methods: A sample of 80 French outpatients (66% male, 52/79; mean age 46.7 years, SD 10.9) were recruited. Paper-based
and electronic questionnaires were completed in a randomized crossover design (2-7 day interval). Biomedical data were collected.
Questionnaire version and order effects were tested on full-scale scores in a 2-way ANOVA with patients as random effects.
Test-retest reliability was evaluated using Pearson and intraclass correlation coefficients (ICC, with 95% confidence interval) for
each dimension. Usability testing was carried out from patients’ survey reports, specifically, general satisfaction, ease of completion,
quality and clarity of user interface, and motivation to participate in follow-up PROQOL-HIV electronic assessments.

Results: Questionnaire version and administration order effects (N=59 complete cases) were not significant at the 5% level,
and no interaction was found between these 2 factors (P=.94). Reliability indexes were acceptable, with Pearson correlations
greater than .7 and ICCs ranging from .708 to .939; scores were not statistically different between the two versions. A total of 63
(79%) complete patients’ survey reports were available, and 55% of patients (30/55) reported being satisfied and interested in
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electronic assessment of their HRQL in clinical follow-up. Individual ratings of PROQOL-HIV user interface (85%-100% of
positive responses) confirmed user interface clarity and usability.

Conclusions: The electronic PROQOL-HIV introduces minor modifications to the original paper-based version, following
International Society for Pharmacoeconomics and Outcomes Research (ISPOR) ePRO Task Force guidelines, and shows good
reliability and face validity. Patients can complete the computerized PROQOL-HIV questionnaire and the scores from the paper
or electronic versions share comparable accuracy and interpretation.

(J Med Internet Res 2014;16(4):e115)   doi:10.2196/jmir.3330

KEYWORDS

HIV; quality of life; patient-reported outcomes; electronic records; reliability

Introduction

Patient reports are useful to “recall observations, to inform
others, to instruct students, to gain knowledge, to monitor
performance, and to justify interventions” [1] and form part of
clinical decision-making. With the advent of modern
technologies, electronic health records (eg, biological measures,
treatments, imaging results) are used increasingly, especially
in managing chronic disease [2]. Information such as pain,
fatigue, depression, and health-related quality of life (HRQL)
are also gathered through self-reported measures, and are known
as patient-reported outcomes (PRO) [3]. Gathering this
information electronically is becoming increasingly common
because electronic assessment provides users with direct
feedback including secure storage in databases supporting access
controls and role-based permissions, lower administrative costs,
and easier follow-up of patients’ records over time. Moreover,
electronic diaries or electronic PRO (ePRO) measurement
provide quick, convenient, and reliable assessment of patients’
HRQL, and improve compliance with self-assessed HRQL [4]
or at least help to understand reasons for noncompliance [5].
Because responses can be enforced (eg, patients are not able to
submit a Web form or possibly skip to the next questionnaire
if some of the questions were not answered), ePROs help to
reduce the problem of missing data [6].

There is compelling evidence that electronic and
paper-and-pencil PROs deliver equivalent measures [7], and
sometimes electronic ones are more reliable [8,9], although
some discrepancies between paper and electronic versions of
the same questionnaire have been reported [10]. However, the
Internet is used increasingly to seek information related to
symptoms, HRQL, drug adverse events, or simply share
self-experience with chronic disease. Human immunodeficiency
virus (HIV) disease is now considered a chronic disease with
costly treatment, and researchers are currently seeking solutions
to optimize HRQL assessments not only in clinical trials, but
also in clinical routine care. For example, intervention studies
have demonstrated that adherence could be improved when
monitored via mobile phones [11,12], suggesting that electronic
health records and care management systems are promising
approaches to improving HIV care.

Demonstrating equivalence between electronic and paper
versions of PRO measurement is an essential step when a
validated paper instrument is migrated to an electronic format,
especially when both versions are to be used interchangeably.
According to recent International Society for

Pharmacoeconomics and Outcomes Research (ISPOR)
guidelines [13], an ePRO questionnaire should deliver
comparable or better data compared to a paper-and-pencil
questionnaire, and the measurement of difference between the
2 data gathering methods is an essential feature of validation.

An electronic version of the Patient-Reported Outcomes Quality
of Life-HIV (PROQOL-HIV) questionnaire [14,15] was
developed to meet the challenges of the electronic health
measures era. The aim of this study was to study the
psychometric properties, especially face validity and reliability,
of the electronic version of the PROQOL-HIV questionnaire
and to suggest further refinements to the Web interface based
on participant input and the technical issues encountered during
the validation study. This study provides details about the
participants, study setup, and principal results for HRQL data
as well as users’ feedback.

Methods

Recruitment
The study was conducted in 2 centers in France: the Kremlin
Bicêtre hospital (Assistance Publique-Hôpitaux de Paris) and
the institutional apartments for people living with HIV, Service
ACT du Val de Marne, Fondation Maison des champs.

Informed consent was obtained from all participants. The study
was approved by a local ethics committee. Storage of individual
patient data on a dedicated server was also approved by an
independent French administrative authority in charge of
personal data registration and protection (CNIL record
#1566050). Inclusion criteria were French-speaking,
HIV-seropositive outpatients receiving routine HIV clinical
care, aged 18 years or older. People were excluded from the
study if they attended the hospital for urgent care or were
hospitalized with HIV-related illness.

Measurement Instrument
The PROQOL-HIV questionnaire [14,15] is composed of 43
Likert-type items (5-point scale ranging from 0=never to
4=always), including 39 items targeting 8 domains of HRQL
and general health: physical health and symptoms (9 items),
treatment impact (10 items), emotional distress (4 items), health
concerns (4 items), body change (4 items), intimate relationships
(3 items), social relationships (2 items), and stigma (2 items).
Four extra items dealing with religious beliefs, finance, having
children, and satisfaction with care are not part of the scoring
scheme, but are used to gather additional information from the
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respondent. This questionnaire has been shown to exhibit good
reliability with Cronbach alpha ranging from .772 to .885 and
intraclass correlations greater than .7 for all dimensions with
more than 2 items. Responses to items were totaled for each
dimension and standardized on a scale from 0 to 100 points, in
which higher values indicate a better health state.

The psychometric validation of the PROQOL-HIV questionnaire
[15] included 123 French participants. In this sample, the
estimated standard deviation for the physical health and
symptoms scale was 20.1 points, with a Cronbach alpha of .885,
suggesting that the standard error of measurement approached
6.8 points. This shows individual scores with a half-width
confidence interval (or margin of error) of 13 points.

Web Interface
The Web interface was developed using the Python
programming language and data were stored in a PostgreSQL
database. The system makes use of dynamic Hypertext Markup
Language (HTML; JQuery) to save answers instantly or
highlight missing responses when validating entries. The Web

version of the PROQOL-HIV questionnaire was developed to
replicate the paper-based questionnaire as closely as possible.
Compared with the original paper-based version, only minor
modifications were made: the entire questionnaire was presented
on a single HTML page (rather than 2 separate sheets of paper),
and response options were presented as radio buttons on a
horizontal grid (instead of checkboxes) with headings aligned
on top of each section of the questionnaire. A sample screenshot
of the Web questionnaire is provided (Figure 1). Before
completing the Web form, users registered with a personal
username and password on a log-in page. If no activity was
detected after 5 minutes, the session was timed out to ensure
data was protected. The uncompleted questionnaires were saved,
but were not used in the analysis. Responses, timestamp, and
username were saved in a secure database. Individual
timestamps were kept for each selected response options, not
simply for the questionnaire as a whole. Scale scores were
computed directly on the server and were visually presented to
the user at the end of the session through bar charts and a
numerical table. For the purpose of this validation study,
anonymized individual data were extracted from the database.

Figure 1. Screenshot of the Web interface for the English version of the PROQOL-HIV questionnaire.

Administration
Each patient received an information sheet describing the aim
of the study, detailed instructions on how to connect to the
website with a secure password, and a brief questionnaire to fill
in about basic demographic and clinical information. Biological
variables, such as viral load or lymphocyte CD4 count, were
retrieved from patients’ files. The paper and electronic HRQL
questionnaires were completed in a randomized crossover
design, with a 2- to 7-day interval. At the first meeting, patients

completed the clinical and demographic questionnaire with the
help of the nursing staff if needed. They were then asked to
complete either the PROQOL-HIV paper version or the
electronic version on a dedicated computer at the hospital,
depending on the sequence to which they were randomized. A
randomization list was established using a computer program
(shuffled balanced binomial draws, as in 2-arm treatment
allocation) before the beginning of the study. Each new patient
was allocated to the next sequence in the randomization list.
Patients unable to complete the electronic questionnaire at home
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(eg, lack of Internet access) were switched from the electronic
to the paper group. All patients were then recalled to complete
the second questionnaire at home from the next day up to 1
week later. Satisfaction with the electronic questionnaire and
general impressions regarding the user interface were assessed
directly after completing the Web version of the PROQOL-HIV
questionnaire. Each patient also provided their general
impression and preference through a separate survey on a paper
sheet at the end of the study period, and was asked to report any
clinical events in the intervening period. This was returned by
the prepaid envelope. They were also asked to rate the clarity
of presentation, readability of questions and response options,
and ease of use of the website. Participants randomized to the
paper-based HRQL assessment in the second round mailed their
completed questionnaires to the researcher. Cognitive debriefing
was carried out on 10 patients who were administered the
electronic version at the hospital.

Statistical Analysis

Statistical Tests
Biomedical and demographic data were summarized using
classical descriptive statistical indicators of central location and
dispersion. Group comparisons were performed using
Wilcoxon-Mann-Whitney and Pearson chi-square tests for
numerical and categorical variables, respectively, to assess
heterogeneity between centers. Comparisons of scale scores for
the paper and electronic versions were performed using
nonparametric Wilcoxon test for paired samples. The effects of
form (electronic vs paper) and order of presentation or sequence
(electronic first or paper first) were tested on physical health
and symptoms scores (9 items with total score expressed on a
scale of 0-100 points) in a 2-way ANOVA with patients as
random effects. The physical health and symptoms dimension
was chosen because it has a high number of items and was
shown to explain more of the total variance in factor analysis
when validating this questionnaire [15]. However, similar
analyses were also carried out on full-scale scores (39 items,
0-100 points). Alternate form and test-retest reliability were
evaluated using Pearson and intraclass correlations for each
dimension. A bootstrap procedure (B=500 replicates) was used
to compute the 95% confidence interval for the ICC. This last
measure of consistency, or temporal stability, was considered
to determine the number of participants in a preliminary power
analysis.

Usability testing used data from patients’ survey reports (ease
of completion, quality, and clarity of user interface, and
motivation for on-going monitoring of HRQL). In addition,
analysis of response time per item was carried out based on
available individual timestamps. All statistical analyses were
done using the R statistical software, version 2.15 (The R Project
for Statistical Computing).

Power
From the validation study of the PROQOL-HIV questionnaire,
which included a test-retest analysis on 34 French patients
(average interval=52 days), the intraclass correlation was
estimated at .859 (95% CI .710-.960) for full-scale scores [15].
Considering a theoretical reliability of 0.8, a sample size of 65
individuals is sufficient to verify if the ICC is greater than .75
with a 95% confidence interval [16].

Results

Participants
A sample of 80 outpatients (male: 52/79, 66%; female: 27/79,
34%) with a mean age of 47 years (SD 10.9) were enrolled in
this study. Most participants were enrolled from the hospital
(70/79, 88%). A flowchart demonstrating the randomization
procedure is provided (Figure 2). Patients were randomized to
1 of 2 groups (paper version first or electronic version first)
when they entered the study. However, because some patients
reported having no Internet connection available at home, there
were 10 switches in the order of administration (patients
allocated to the group paper version first were given the
electronic version first).

Overall, two-thirds of the participants were native French
speakers (51/80, 64%). The main characteristics of the patients
were stratified by center and summarized (Table 1). Participants
from the institutional apartments were more likely to be living
alone and to be without a professional activity. Their
HIV-related immune decline was more advanced (56%, 5/9)

stage C, average CD4 counts <500 cells/mm3) compared with
patients enrolled at the hospital. Overall, 89% (70/79) of patients
were treated with an antiretroviral treatment (ART). Regarding
viral hepatitis co-infection, 18% (14/79) of patients were
seropositive for hepatitis C and 6% (5/79) for hepatitis B.
Antidepressants were the most common concomitant treatment
(14%,11/79 overall). None of the participants reported clinical
events in the interval between the 2 study time points.
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Table 1. Demographic and biomedical information on study participants.

P bAll patients

Institution

(n=10)

Hospital

(n=70)NVariable

.5879Age (years)

46.7 (10.9)44.4 (8.9)46.9 (11.2)Mean (SD)

39.0-53.037.0-51.039.5-53.0IQR

.1279Gender, n (%)

52 (66)8 (89)44 (63)Male

27 (34)1 (11)26 (37)Female

.00521 (27)6 (75)15 (21)78Not currently working

.9333 (42)4 (50)29 (41)78Education level (university), n (%)

.6838 (49)5 (62)33 (48)77Marital status (single), n (%)

.00939 (50)8 (100)31 (44)78Living alone, n (%)

Comorbidities, n (%)

.0712 (15)3 (38)9 (13)78Depression

.731 (1)0 (0)1 (1)78Psychiatric disorder

.0712 (15)3 (38)9 (13)78Cardiovascular disease

.717 (9)1 (12)6 (9)78Diabetes

.435 (6)0 (0)5 (7)78Other comorbidities

.9617 (22)2 (22)15 (21)79Lipodystrophy

78Current treatment, n (%)

<.0016 (8)3 (38)3 (4)Prophylaxisc

.04511 (14)3 (38)8 (11)Antidepressant

.357 (9)0 (0)7 (10)Lipid-lowering

.1978Year of diagnosis

1999 (8)2002 (7)1998 (8)Mean (SD)

1991-20062000-20081990-2005IQR

.9970 (89)9 (90)61 (87)79HAART status, n (%)

79CDC stage, n (%)

.0743 (54)2 (22)41 (59)A (asymptomatic)

15 (19)2 (22)13 (19)B (symptomatic conditions)

21 (27)5 (56)16 (23)C (AIDS-indicator conditions)

.0266Year of first HAART

2003 (6)2008 (3)2002 (6)Mean (SD)

1997-20072007-20091996-2007IQR

Viral co-infection, n (%)

.3114 (18)0 (0)14 (20)79Hepatitis C

.995 (6)1 (10)4 (6)79Hepatitis B

CD4

.04598 (422)407 (191)623 (438)79CD4 counts (cells/mm3), mean (SD)

424-694213-527441-700IQR

—29.6 (10.4)20.2 (9.8)30.3 (10.2)74CD4 %, mean (SD)

23-3719-2424-37IQR

.0019 (43)8 (89)1 (8)21Viral load (undetectable)
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aHAART: highly active antiretroviral therapy; CD4: cluster of differentiation 4, T helper cells playing a major role in the human immune system; CDC:
Centers for Disease Control and Prevention (classification system for HIV-infected adults and adolescents).
bWilcoxon-Mann-Whitney test for 2 independent samples and Pearson chi-square.
cToxoplasmosis, pneumocystis.

Figure 2. Participant flowchart.

Health-Related Quality of Life Data
A total of 64 of 80 electronic surveys were available at the end
of the study. Of these, 50 participants completed all 43 items.
In all, 9 participants (11%) were naive to ART; therefore, they
were not required to complete the 10 treatment-related items.
Three patients filled in only part of the questionnaire and were
excluded from further analyses. Regarding the paper version,
there were 73 records, including 49 full records, 10 ART-naive
patients, and 14 partially filled records. A total of 59 electronic
and paper questionnaires were available for test-retest analysis
(Figure 2).There was a greater number of missing questionnaires
for the paper version (n=14) compared to the electronic version
(n=3, 2-sample test for equality of proportions with continuity
correction, P=.02). This might be explained by the fact that
people forgot to fill the questionnaire at home or there were

problems with mailing the questionnaires. Regarding missing
responses in the paper-based questionnaires, there were no more
than 5% (2/43) of missing items for very few cases (n=3), and
they were imputed by individual mean scores for each
dimension.

The distribution of individual standardized scale scores on the
physical health and symptoms dimension (0-100 points, where
higher values reflect a better HRQL state) are illustrated as a
2-way scatter display (Figure 3). Summary statistics for all paper
and electronic scale scores were computed for each dimension
(Table 2). The lower level of agreement for the general health
scale (Spearman ρ=.72, ICC=.714) may be because there are
only 5 possible scores for this single item. In the present study,
standard deviations for the physical health and symptoms scale
(paper: SD 20.8; electronic: SD 20.3) were close to what was
observed previously.
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Table 2. Reliability analysis.

P aICC (95% CI)r (ρ)ElectronicPaperDomain (n of items)

IQRMean (SD)IQRMean (SD)

.21.868 (.815-.931).868 (.851)56.7-84.469.5 (16.2)54.1-82.168.3 (16.5)All itemsb (38)

.30.827 (.708-.955).827 (.777)56.2-100.076.9 (26.0)54.7-100.078.0 (26.1)Body concerns (4)

.97.842 (.772-.929).842 (.874)50.0-93.869.4 (26.0)50.0-93.868.8 (26.9)Emotional distress (4)

.46.714 (.550-.881).715 (.790)0.0-25.021.4 (21.7)0.0-25.023.5 (20.7)General health (1)

.46.785 (.680-.884).785 (.767)31.2-81.255.6 (29.4)25.0-81.251.6 (28.3)Health concerns (4)

.05.779 (.625-.909).782 (.782)39.6-91.763.4 (31.1)33.3-85.457.4 (33.8)Intimate relationships (3)

.63.939 (.905-.979).940 (.923)63.9-91.775.6 (20.3)63.9-94.476.3 (20.8)Physical health and
symptoms (9)

.99.822 (.725-.941).824 (.803)62.5-100.080.4 (28.9)75.0-100.080.8 (27.1)Social relationships (2)

.25.712 (.543-.893).712 (.741)0.0-50.036.4 (34.5)0.0-50.033.3 (33.8)Stigma (2)

.94.708 (.444-.982).708 (.783)61.2-90.072.2 (20.9)57.5-90.071.7 (21.2)Treatment impact (10)

aUsing Wilcoxon signed rank test.
bFull-scale score was calculated following the exclusion of 4 extra items and the general health item.

A random-effects 2-way ANOVA was used to assess the effects
of the type of questionnaire (electronic or paper) and the order
of administration. A total of 59 complete cases (74% of
participants) were available for this analysis (Figure 2). It is
worth noting that the order of administration was not balanced
because 28% of participants ended up filling out the paper
version first then the electronic version. No interaction between
the type of questionnaire and administration order was found
(F1,55=0.098, P=.76). Likewise, there was no effect of the type
of questionnaire (F1,55=0.529, P=.47) or administration order
(F1,76=0.942, P=.34). These results indicate that scores obtained
on either the electronic- or paper-based version were not
statistically different, independent of the order of administration.
Analysis based on full-scale scores yielded similar results (data
not shown).

Reliability indexes (Table 2) were in the acceptable range, with
Pearson correlations greater than .7 and intraclass correlation
ranging from .708 (treatment impact) to .939 (physical state
and symptoms). Mean scores for each dimension were not

significantly different according to Wilcoxon signed rank tests
for paired samples, even without considering correction for
multiple testing (Bonferroni method). This suggests that, on
average, this sample demonstrates comparable HRQL on all
dimensions. The joint distribution of individual scores obtained
from electronic and paper versions of the questionnaire for the
physical and health symptoms dimension was analyzed
separately (Figure 3). It is worth noting that although mean
scores were slightly different between the paper (76.3 points)
and electronic (75.6 points) versions, this difference was not
significant (P=.63; Table 2) and would not be considered as
clinically relevant anyway. A Bland-Altman chart is provided
in Figure 4 with limits of agreement computed as ±1.96×SD,
where SD is the standard deviation for the difference between
individual scores of the two versions. In both cases, it can be
seen that scores are generally close to one another, with the
exception of 3 participants who had higher physical health and
symptoms scores on the electronic version compared to the
paper version.
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Figure 3. Individual scores (N=59) on electronic and paper versions of the PROQOL-HIV questionnaire for the physical health and symptoms (PHS)
dimension. Individual points are displayed with alpha transparency so that darker symbols indicate a higher number of identical pairs of scores. The
straight line represents the ordinary least squares regression line.

Figure 4. Bland-Altman plot showing the difference between scores of the electronic and paper versions as a function of average physical health and
symptoms scores. The upper and lower dashed horizontal lines represent limits of agreement. A Lowess smoother (solid thicker black line) has been
added to differentiate local irregularities on the distribution of scores.

Usability Analysis
Results on the usability and satisfaction survey were analyzed
separately (Table 3). Of the 79% (63/80) of surveys that were
completed, two-thirds of participants (65%, 36/60) reported that
they would be interested in electronic assessment of their HRQL
by using an electronic version of PROQOL-HIV in routine
clinical care. Overall, 55% of the participants indicated a
preference toward the electronic questionnaire compared to the
paper-based questionnaire. Only 9% (5/55) of participants

preferred the paper version, and 36% (20/55) were indifferent.
Regarding the version preferred by patients, there were no
significant associations with age (P=.12), gender (P=.60),
marital status (P=.39), living mode (alone, P=.48), education
level (P=.18), professional activity (P=.59), and diagnosis date
(P=.39). Individual ratings of the PROQOL-HIV user interface
(80% to 100% of positive responses) confirmed the clarity and
usability of the Web version, although the visual display of
summary scores might need further improvement as confirmed
by 10 cognitive debriefings that were carried out with patients.
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Table 3. Participants’ survey responses.

IQRMean (SD)n (%)NQuestion

63 (100)63Display on screen is comprehensible and easy to follow

61 (98)62Font size looks appropriate

62 (100)62Single page design is satisfactory

58 (95)61Visualization of results is an interesting option

48 (80)60Display of results is comprehensible

4-54.6 (0.7)63Ease of input responses

4-54.6 (0.8)63Questions readability

4-54.0 (1.0)61Scores readability

4-54.4 (0.9)60Interested in longitudinal follow-up of personal scores

8 (13)60Difficulty with computing material

3-54.0 (1.0)55Ease of filling (electronic vs paper)

55Preference

20 (36)Indifferent

5 (9)Paper

30 (55)Electronic

Analysis of Response Time
The median time to complete the electronic version of
PROQOL-HIV was 7 minutes, with 50% of the times between
4.8 and 11.1 minutes. In 2 cases, participants took more than
20 minutes to complete the electronic questionnaire; in 16 cases,
participants took less than 5 minutes. The former was explained
by disconnection from the hospital network. In the latter case,
respondents had completed the paper questionnaire previously
and were familiar with the items. Mean individual response
time (trimmed to 5%) per item was 9.1 seconds on average
(range 3.7-20.1). Only 17 of 54 (31%) participants completed
the questionnaire in the order presented. For those participants
who provided answers in a different order, it should be noted
that filling order was usually altered for one question, but not
for more than 6 questions in total. This included participants
who delayed completing the questionnaire for a short period of
time or those who forgot to answer some of the questions before
submitting the Web form. In the latter case, missing answers
were highlighted by the system and participants had to complete
them again.

Discussion

Principal Results
According to international guidelines, the validation of an
electronic version of an existing questionnaire requires the
demonstration of equivalent measurement properties between
the original paper-based and the electronic versions of the
questionnaire. This is achieved through statistical measures of
correlation and mean differences between the 2 series of
individual scores which can be summarized by the intraclass
correlation. However, several threats to ensuring equivalent
measures have been reported. In particular, substantial changes
to the presentation of items or questions to accommodate screen

limitations and poor experience with computer use can alter
validity or reliability of scores [7].

Typically, cognitive debriefing is carried out with a small
number of participants to verify that the content of the electronic
questionnaire is perceived in the same way as that of the
paper-based version; test-retest studies are restricted to cases
in which significant changes were introduced in the electronic
version (eg, questionnaire layout, response options). This study
goes beyond standard recommendations (cognitive debriefing)
and it provides a quantitative assessment of both test-retest
reliability and users’ self-perception of the Web version of the
PROQOL-HIV questionnaire.

The demographics of the participants in this study are
representative of the population of people living with HIV in
this French metropolitan area. In 2011, this population was
composed of 67% men and 33% women, and 24% of the patients
were non-European Union residents. Among them, 17%
originated from sub-Saharan Africa. In the Vespa 2 study, 41%
of the participants were not currently working and only 37%
considered their financial situation as good [17]. When
introducing new technologies to health care, it is important that
all populations, including immigrants and people with low
income, can benefit from such programs. A heterogeneous
sample of patients participated in this study, providing they
could read French and they could use the electronic
questionnaire even if they did not have Internet at home, because
it was available at the hospital directly.

The present findings suggest that assessing health-related quality
of life specific of HIV disease on a Web-based platform is easy
and reliable, and that the electronic version of the
PROQOL-HIV questionnaire fulfills the criteria for migrating
a paper-based questionnaire to a computer-based mode of
administration. Following their analysis of 46 single studies (of
65 eligible case reports) relying mainly on computer-based
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assessment (n=31, 67%), Gwaltney and collaborators [7]
reported an average correlation between paper-based and
electronic assessment of .90 (95% CI .87-.92, n=32) without
significant differences from studies relying on intraclass
correlation or weighted kappa. Our results suggest that the
PROQOL-HIV questionnaire can achieve good test-retest
reliability, as measured by an intraclass correlation greater than
.8 for the principal dimension of the questionnaire or the
full-scale score. Moreover, it demonstrated good face validity
according to respondents’ self-perception collected at the end
of the study, with more than 80% with a positive opinion toward
PROQOL-HIV usability and clarity when assessing HRQL
specific to HIV disease. Interestingly, only 9% of the patients
indicated that they preferred the paper version at the end of the
study. However, this might be a biased indicator because the
objective of the study was to validate the electronic version.
One of the important findings was the high interest in
longitudinal follow-up of personal HRQL scores, suggesting
that electronic assessment may be of value in routine clinical
care for HIV. The electronic version of PROQOL-HIV has been
in use by some French patient associations with positive
feedback from the local coordinators. Further studies will
determine the value of electronic longitudinal follow-up of
self-reported HRQL.

The use of electronic PRO measures in HIV care can offer
important implications. First, physicians could benefit from a
direct and contemporaneous assessment of a patient’s HRQL
at the time of the consultation, which will enhance clinical
observation and decisions around treatments. Second, there is
a growing interest in patient-centered care, which has been
shown to improve perceived health outcomes because patients
feel engaged in their health care management. Consequently,
the opportunity for patients to record their HRQL at home and
to have access to their results, together with their physicians,
should enhance the relationship between care providers and the
patients.

Limitations
The analysis of open-ended satisfaction questions highlighted
critical issues with using PROQOL-HIV as an electronic HRQL
questionnaire. Because the questionnaire was given on a single
HTML page, response headings for some of the items were not
always visible depending on screen size and length of that
section. Occasional breakdown of the Internet connection was
reported in one center; hence, patients’ responses were not taken
into account and they had to fill in the questionnaire again.
Display of HRQL summary scores should be complemented by
a brief overview of the patients’ health state. Another limitation
of the study was the imbalance in the order of administration,
although this did not affect the validity of the present findings
because there was enough data to analyze the temporal stability
of HRQL scores and to compute reliable indicators of
participants’ impressions regarding the Web version of
PROQOL-HIV. Finally, no systematic pattern was detected for
patients who did not follow the order of the questions,
suggesting that this does not affect the structure of the
PROQOL-HIV questionnaire. It should be noted that patients
could also fill in the PRO paper-based questionnaire in random
order, but this could obviously not be detected. The absence of
follow-up data to study the responsiveness of the electronic
PROQOL-HIV and to collect information on how to best display
summary scores for easy monitoring of personal data will be
assessed in a forthcoming study.

Conclusions
The PROQOL-HIV instrument has been adapted in a way that
would be classified as minor according to ISPOR ePRO Task
Force guidelines [12]. The new electronic version shows good
reliability and face validity, and scores obtained from paper or
electronic modes share comparable accuracy and interpretation.
An interesting finding was that few patients (9%), including
patients having no Internet at home, preferred the paper-based
version of PROQOL-HIV. The desire of participants to have
access to the scores of this instrument as a way of tracking
themselves over time also shows their interest in Web-based
assessments in clinical health care.
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Abstract

Background: The production of health information has begun to shift from commercial organizations to health care users
themselves. People increasingly go online to share their own health and illness experiences and to access information others have
posted, but this behavior has not been investigated at a population level in the United Kingdom.

Objective: This study aims to explore access and production of user-generated health content among UK Internet users and to
investigate relationships between frequency of use and other variables.

Methods: We undertook an online survey of 1000 UK Internet users. Descriptive and multivariate statistical analyses were used
to interpret the data.

Results: Nearly one-quarter of respondents (23.7%, 237/1000) reported accessing and sharing user-generated health content
online, whereas more than 20% (22.2%, 222/1000) were unaware that it was possible to do this. Respondents could be divided
into 3 groups based on frequency of use: rare users (78.7%, 612/778) who accessed and shared content less than weekly, users
(13.9%, 108/778) who did so weekly, and superusers (7.5%, 58/778) who did so on a daily basis. Superusers were more likely
to be male (P<.001) and to be employed (P<.001), but there were no differences between the groups with respect to educational
level (P=.99) or health status (P=.63). They were more likely to use the Internet for varied purposes such as banking and shopping
(P<.001).

Conclusions: Although this study found reasonably widespread access of user-generated online health content, only a minority
of respondents reported doing so frequently. As this type of content proliferates, superusers are likely to shape the health information
that others access. Further research should assess the effect of user-generated online content on health outcomes and use of health
services by Internet users.

(J Med Internet Res 2014;16(4):e118)   doi:10.2196/jmir.3187

KEYWORDS

eHealth; consumer health information; patient education; health education; health promotion; social media; superusers

Introduction

Background
There can be little doubt that the Internet has changed the way
that people experience health and illness. People routinely use

the Web to learn about the meaning of symptoms, tests,
diagnoses and treatments, and to find out how others have rated
doctors and hospitals [1]. In the United Kingdom, more than
two-thirds of residents use the Internet to obtain health
information [2], and the UK Department of Health considers
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availability of high-quality information a key policy objective
[3]. The Internet once provided information that could be
accessed and viewed, but not easily modified. Patients
increasingly go online to share information and to access
information others have posted on the Internet, including their
own experiences. Although this is a widespread practice,
especially for long-term conditions [4], relatively little is known
about the characteristics of people who share and access
user-generated content (UGC) online. This is in contrast to
general online health information-seeking behavior which has
been extensively studied [1,3,4]. In this paper, we draw on a
major European survey to explore who shares and accesses
user-generated health content online in the United Kingdom.

User-Generated Health Content
User-generated health content is presented in many different
ways across different types of websites [5]. Traditional,
commercially produced online health content (developed by
businesses or health systems or governments) has predominantly
consisted of facts and figures, such as numerical data related to
the diagnosis or prognosis of a condition. User-generated health
information, by virtue of its distributed, often informal
development and dissemination, is a broad concept and
incorporates anything that a patient or carer posts online for the
purpose of others seeing it. Entwistle et al [6] noted that online
health information can be broadly divided into 2 categories:
general facts and personal experiences. Although these
categories are not mutually exclusive, the differences have
important implications. General facts consist of information
about particular conditions, treatments, or services, and are
intended to be broadly applicable to many people interested in
the same topic. Personal experiences may also provide
information about conditions, treatments, or services, but are
often in narrative form and portray an individual’s experience
of undergoing a particular treatment or of living with a long-term
condition. People tend to draw on both general facts and
personal experiences, depending on the issue involved [6,7]. It
has been noted that adequate information is an important aspect
of health care delivery that matters to patients [8].

General health information sites often provide UGC in the form
of curated experiences selected by the site’s developers and the
ability for site users to post their own comments. There are sites
exclusively devoted to interview-based research on health
experiences; for example, the UK’s Healthtalkonline has been
available for more than a decade and now has many counterparts
in other countries [9]. Blogs enable people to post their stories
over time and provide the facility to embed video and links to
other content, including peer-reviewed journal articles where
applicable. Social networking sites enable patients to post
content (both facts and experiences) and have pages devoted to
specific conditions and treatments. Online forums host pages
for specific conditions and facilitate patients coming together
who have similar diseases or have undergone similar treatments.
Some sites include crowdsourcing: “an approach to
accomplishing a task by opening up its completion to broad
sections of the public” [10]. For example, the website
PatientsLikeMe aggregates data provided by site users. Patients
can compare their data with aggregated input from other site
users, and data obtained through crowdsourcing can be used for

research [11]. Finally, there are those sites that enable a health
service user to write and read reviews of specific hospitals,
doctors, or health systems [12]. Increasingly, websites include
several different ways of incorporating content from patients
and the public. What all these disparate sources share is that
their content depends on people posting, sharing, and comparing
health information, whether about themselves or those for whom
they care.

Use and Nonuse
One of the predominant places where UGC is accessed and
shared online is in the context of virtual support groups for
particular conditions as well as individual treatments. The
heterogeneity of online support group membership has been
reported in several publications; these groups consist of some
people who post occasionally and some who are frequent prolific
posters. Those who post have been described as key players
[13], active users [14], and caretakers [15]. Most people who
visit support groups do not actively post. In a study of people
accessing an online smoking cessation group, 84.7% of those
who registered and accessed the resource at least once never
posted [16]. To explain this distribution, the “1% rule” has been
adapted from marketing literature to the use of health social
networks, suggesting that 90% of actors observe but do not
participate, 9% rarely contribute, and 1% create most of the
content [17]. This is contextual, and people’s behavior may
vary between sites if they visit several different sites. Adams
[18] has suggested that people may be more motivated to add
their own commentary if they feel that their experiences are not
covered by others accounts (eg, adverse drug effects). Because
the content on these websites is generated by a small proportion
of the people who use it, the concept of the “superuser” [17,19]
of user-generated online health information—the minority of
people who post information online—has received recent
attention. This has not been characterized within the United
Kingdom.

The Aim of Our Research
The purpose of this paper is twofold. First, we identify
characteristics of UK Internet users who access and share UGC
online. In this study, we use UGC to denote 4 specific behaviors
about which questions were asked in the survey: (1) participating
in an online support group for people who are concerned about
the same health or medical issue, (2) participating in social
networking sites talking about health and wellness, (3)
describing a medical condition or problem online to get advice
from other online users, and (4) disclosing medical information
on social networking sites.

Second, we investigate the frequency with which respondents
engage in the aforementioned study behaviors, paying particular
attention to those who do so most frequently because these users
predominantly generate the content that others view. By
grouping respondents according to how frequently they go
online to access and share UGC, we aim to characterize the
differences between these groups. We aim to determine areas
for further research to support the effective and beneficial use
of online health information.
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Methods

Survey Instrument and Ethics
We analyzed United Kingdom data from the Citizens and
Information Communication Technology for Health survey, a
project undertaken in 2011 by the Institute for Prospective
Technology Studies of the European Commission’s Joint
Research Centre. This online survey was developed from a
theoretical framework of the social determinants of information
and communication technology (ICT) for health, translated into
native languages in 14 European Union (EU) member countries.
The survey was developed to understand and characterize
European citizens’ use of ICT for health. It included questions
on a range of triggers, motivations, and behaviors. This analysis
examines a subset of questions related to user-generated online
health content. The full questionnaire is available in Multimedia
Appendix 1 [20].

Technical, methodological, and legal considerations were
carefully addressed in the context of designing and
implementing the survey. These considerations ensured
anonymity and confidentiality of individual responses [21-23].
The survey was conducted in accordance with European Society
for Opinion and Marketing Research ethical guidelines [24].

At the time the survey was carried out, one of the authors (FLV)
was employed by the European Commission.

Sample and Data Collection
The sample consisted of 1000 respondents from the United
Kingdom who completed an online survey in 2011 covering a
variety of domains regarding the use of ICT for health. We
randomly sampled people aged 16 to 74 years who had used
the Internet in the 3 months before the survey to obtain the
sample.

An online invitation to participate in the survey was sent to
7291 individuals. The data were collected between July 20 and
August 1, 2011. Simple random sampling was carried out by
the software provider who administered the survey (Cint), then
quota sampling was used to accurately reflect the demographic
composition of UK residents [25]. We obtained 2410 responses
(4881 nonresponses) of which 1320 were out of quota and 90
were excluded because of missing data. The average length of
time to complete the questionnaire was 20.5 minutes.

More than half (57.00%, 570/1000) of respondents were
employed and nearly all (90.00%, 900/1000) had completed
upper secondary or tertiary education (Table 1). This is broadly
comparable to the characteristics of the UK population, although
it should be noted that this sample is more highly educated than
the general UK population [25].

Table 1. Demographic composition of sample.

Total, n (%)Male, n (%)Female, n (%)Age group (years)

209 (20.9)106 (10.6)103 (10.3)16-24

592 (59.2)295 (29.5)297 (29.7)25-54

199 (19.9)101 (10.1)98 (9.8)55-74

1000 (100.0)502 (50.2)498 (49.8)Total

Statistical Analysis
Initially, we calculated descriptive statistics about the
characteristics of the study participants. After this, to determine
the extent to which the 4 behaviors studied represent an
underlying composite variable, we employed principal
components analysis (PCA). In carrying out PCA, we a priori
defined components explaining adequate amounts of variability
in the data as those that have an eigenvalue greater than 1.00
[26]. Because the results of the PCA suggested that all 4
behaviors could be explained by one underlying component,
for further analysis we treated this as a single composite
variable, which we called “accessing and sharing user-generated
health content online.”

We then used nonhierarchical k-means cluster analysis to
characterize respondents based on their reported frequency of
accessing and sharing UGC online. We determined differences
between the frequency groups by carrying out ANOVA and
chi-square tests for categorical and continuous variables,
respectively. Data were examined to determine if they met

assumptions for the univariate and multivariate statistical tests
carried out, and all assumptions were met. Statistical analyses
were performed using SPSS version 20.0 (IBM Corp, Armonk,
NY, USA).

Results

Frequency of Engaging in Individual Study Behaviors
We found that approximately one-quarter of all respondents
participated in online support groups (27.80%, 278/1000) and
health-related social networking sites (23.80%, 238/1000) (Table
2). A similar proportion reported describing a medical condition
or problem online to get help from other online users (23.10%,
231/1000) and disclosing medical information on social
networking sites (16.70%, 167/1000).

Less than 10% of respondents (4.80%, 48/1000 to 7.80%,
78/1000) reported engaging in any of the study behaviors at
least or more than once a week. Approximately 20% of
respondents (22.20%, 222/1000) reported being unaware that
it was possible to engage in these behaviors online.
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Table 2. User-generated content behaviors.

Frequency, n (%)Regarding health, wellness, and the
Internet, how often have you...

Not aware of itEvery day or
almost every
day

At least once a
week (but not ev-
ery day)

At least once a
month (but not ev-
ery week)

Less than once a
month

Never

134 (13.4)21 (2.1)46 (4.6)66 (6.6)145 (14.5)588 (58.8)Participated in an online support
group for people who are concerned
about the same health or medical is-
sue

133 (13.3)25 (2.5)53 (5.3)54 (5.4)106 (10.6)629 (62.9)Participated in social networking sites
talking about health and wellness

141 (14.1)23 (2.3)25 (2.5)64 (6.4)119 (11.9)628 (62.8)Described a medical condition or
problem online in order to get advice
from other online users

173 (17.3)22 (2.2)33 (3.3)40 (4.0)72 (7.2)660 (66.0)Disclosed medical information on
social networking sites

Characterizing Predictors of Accessing and Sharing
User-Generated Content
Applying cluster analysis to the “accessing and sharing
user-generated health content online” composite variable
resulted in a 3-cluster solution. After excluding those who did
not know that these resources were available (excluded because
they have different reasons for nonuse than those who are aware
of the possibility and choose to not engage) [26], we were left
with 778 responses for further analysis.

Most respondents (78.7%, 612/778) were rare users who
reported that they never or very rarely accessed and shared
user-generated health content. Users who went online and
engaged in these behaviors infrequently (ie, weekly or monthly
but not daily) accounted for more than 10% (13.9%, 108/778)
of respondents. A further minority (7.5%, 58/778) were clustered
as superusers who accessed and/or generated UGC daily.

Sociodemographic Characteristics
Comparing the 3 groups, superusers were more likely to be male
than users or rare users (Table 3). Those in the 16-24 years age
group were more likely to be superusers than users or rare users,
whereas those in the 55-74 years age group were generally rare
users, as opposed to superusers or users. Superusers were more
likely to be employed (57.8%, 33/58) than unemployed (9.3%,
5/58), students (19.0%, 11/58), or retired/inactive in the labor
force (24.0%, 13/58). The groups did not differ on level of
education.

Regarding household composition, respondents with children
(1-parent, 2-parent, or extended family households) were less
likely to be superusers than they were to be users or rare users.
There were no differences between the groups based on the
number of children younger than 16 years in the household.
More rare users and superusers reported that they lived in
intermediate areas, as opposed to densely or thinly populated
areas, whereas users were more likely to report living in densely
populated areas.
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Table 3. Sociodemographic characteristics of respondents (N=778).

PSuperusers, n (%)

n=58

Users, n (%)

n=108

Rare users, n (%)

n=612

Sociodemographic characteristics

.02Gender

38 (67.2)61 (56.5)301 (49.3)Male

20 (32.8)47 (43.5)311 (50.7)Female

<.001Age (years)

25 (43.1)39 (36.1)89 (14.7)16-24

32 (55.2)63 (58.3)370 (60.6)25-54

1 (1.7)6 (5.6)151 (24.7)55-74

.99Level of education completed

7 (12.1)14 (13)70 (11.4)Primary or lower secondary education (ISCED 0-2)a

26 (44.8)45 (41.7)261 (42.6)Upper secondary education (ISCED 3 or 4)a

25 (43.1)49 (45.4)281 (45.9)Tertiary education (ISCED 5 or 6)a

<.001Occupation

31 (53.4)72 (66.7)354 (57.8)Employed or self-employed (including family workers)

11 (19.0)6 (5.6)57 (9.3)Unemployed

11 (19.0)21 (19.4)54 (8.8)Student (not in the labor force)

5 (8.6)9 (8.3)147 (24.0)Other not in the labor force (eg, retired, inactive)

<.001Type of locality

18 (31.0)52 (48.1)186 (30.4)Densely populated area (cities and large towns)

36 (62.1)43 (39.8)308 (50.3)Intermediate area (towns)

4 (6.9)13 (12)118 (19.3)Thinly populated area (village and rural)

.13Number of members in the household

7 (12.1)11 (10.2)81(13.2)1

12 (20.7)36 (33.3)224 (36.6)2

19 (32.8)22 (20.4)123 (20.1)3

20 (34.5)39 (36.1)184 (30.1)≥4

.08Number of children under 16 years

32 (55.2)67 (62)436 (71.2)None

12 (22.4)23 (21.3)92 (14.9)1

10 (17.2)14 (13.0)74 (12.1)2

3 (5.2)4 (3.7)11 (1.8)>2

.02Household composition

0 (0)1 (0.9)14 (2.3)Single person ≥65 years

8 (13.8)10 (9.3)67 (10.9)Single person <65 years

2 (3.4)6 (5.6)69 (11.3)2 persons, ≥1 aged ≥65 years

8 (13.8)26 (24.1)148 (24.2)2 persons, both <65 years

1 (1.7)5 (4.6)7 (1.1)Single person with child(ren) <16 years

20 (34.5)34 (31.5)161 (26.3)2 persons with child(ren) <16 years

3 (5.2)2 (1.9)27 (4.4)2 persons ≥65 years

3 (5.2)3 (2.8)6 (1.0)Extended family (<16 + 16-64 + <65 years)

13 (22.4)21 (19.4)113 (18.5)≥3 adults <65
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aISCED: International Standard Classification of Education [27].

Health Characteristics
We did not identify any differences between groups for health
status, undergoing long-term medical treatment, or number of

visits to the doctor in the past 12 months (Table 4). Among
superusers who reported having someone close to them currently
experiencing long-term illness or disability, 64.3% (37/58)
reported taking care of them.

Table 4. Health characteristics of respondents (N=778).

PSuperusers, n (%)

n=58

Users, n (%)

n=108

Rare users, n (%)

n=612

Health characteristics

.63Health status reported

1 (1.7)1 (0.9)3 (0.5)Very bad

6 (10.3)7 (6.5)45 (7.4)Bad

6 (10.3)24 (22.2)115 (18.8)Neither good or bad

28 (48.3)53 (49.1)297 (48.5)Good

17 (29.3)23 (21.3)152 (24.8)Very good

.57Long-standing illness or health problem reported

25 (43.9)41 (37.5)263 (42.9)Yes

33 (56.1)68 (62.5)349 (57.1)No

.74Undergoing a long-term medical treatment

18 (31.6)35 (32.1)215 (35.1)Yes

40 (68.4)73 (67.9)397 (64.9)No

.29Visit a doctor during the past 12 months

52 (89.7)95 (88.0)512 (83.7)Yes

6 (10.3)13 (12.0)100 (16.3)No

.64How many times did you visit a doctor during the last 12 months?

6 (10.3)13 (12)100 (16.3)None

21 (36.2)31 (28.7)216 (35.3)1-2 visits

11 (19.0))27 (25.0)118 (19.3)3-4 visits

8 (13.8)15 (13.9)70 (11.4)5-6 visits

12 (20.7)22 (20.4)108 (17.6)>6 visits

.01Is someone close to you currently experiencing long-term illness or disability?

29 (50.0)56 (51.5)227 (37.1)Yes

29 (50.0)52 (48.5)385 (62.9)No

.02Are you taking care of such a person?

37 (64.3)39 (35.8)234 (38.2)Yes

 21 (35.7)69 (64.2)378 (61.8)No

Online Health Information and Health Behavior
Superusers were more likely than users or rare users to report
that the information they accessed affected the way they care
for themselves and the way they eat or exercise (Table 5). They

were also more likely to report that after accessing health
information on the Internet, they subsequently talked to a doctor
or nurse about what they found. Finally, superusers were more
likely to report accessing information for their children than
users or rare users.
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Table 5. Online health information and health behavior of respondents (N=778).

PSuperusers, n (%)

n=58

Users, n (%)

n=108

Rare users, n (%)

n=612

Online health information and health behavior

Looking for health and/or wellness information for...

.0156 (96.6)102 (94.4)531 (86.7)Yourself

.00426 (44.8)32 (29.6)152 (24.9)Your child

<.00127 (46.6)48 (44.4)158 (25.8)Parent

.1924 (41.4)41 (38.0)194 (31.7)Another relative

.00524 (41.4)39 (36.1)155 (25.3)Some else

<.001Did you later talk to a doctor or nurse about the information
you got online?

43 (74.1)65 (59.8)234 (38.3)Yes

15 (25.9)43 (40.2)378 (61.7)No

.02Overall, how useful was the health information you got online?

0 (0)2 (1.9)15 (2.5)Not at all useful

1 (1.7)5 (4.6)55 (9.0)Not too useful

33 (56.9)71 (65.7)400 (65.3)Somewhat useful

24 (41.4)30 (27.8)142 (23.2)Very useful

<.001Did the information you got online affect any of your decisions
about health treatments or the way you take care of yourself?

38 (65.5)56 (51.9)201 (32.8)Yes

20 (34.5)52 (48.1)411 (67.2)No

<.001Did the information you got online affect the way you eat or ex-
ercise?

40 (69.8)56 (52.0)171 (28.0)Yes

18 (30.2)52 (48.0)441 (72.0)No

Internet Activity
Almost all superusers (94.8%, 55/58) reported engaging in 11
or more Internet activities (eg, online banking, keeping a blog,
and looking for travel information), whereas approximately
one-quarter of rare users (26.6%, 163/612) reported the same

engagement with other Internet activities (Table 6). Similarly,
nearly three-quarters of superusers (74.1%, 43/58) reported
accessing the Internet through 3 or more devices (eg, a home
computer, work computer, and smartphone), which contrasts
with less than one-third (29.4%, 180/612) of rare users doing
the same.

Table 6. Internet activities and devices of respondents (N=778).

PSuperusers, n (%)

n=58

Users, n (%)

n=108

Rare users, n (%)

n=612

Internet activities and devices

<.001Breadth of Internet use (number of Internet activities)

1 (1.7)2 (1.9)109 (17.8)1-5

2 (3.4)25 (23.1)340 (55.6)6-10

55 (94.8)81 (75)163 (26.6)≥11

<.001Breadth of Internet access (number of Internet devices)

7 (12.1)15 (13.9)203 (33.2)1

8 (13.8)27 (25.0)229 (37.4)2

43 (74.1)66 (61.1)180 (29.4)≥3

J Med Internet Res 2014 | vol. 16 | iss. 4 | e118 | p.231http://www.jmir.org/2014/4/e118/
(page number not for citation purposes)

O'Neill et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Discussion

Principal Findings
Within the past few years, a rapid expansion of technologies
that people can use to generate their own Internet content has
provided novel opportunities for members of the general
population to share and access health information. Social media
have facilitated this ever-growing shift from the production of
health information online being in the hands of commercial
enterprise and health systems, to being led by users themselves.
This study, the first to investigate user-generated health content
on the Internet in the United Kingdom, sought to understand
this growing trend through people’s responses to survey
questions. One of the more striking findings in this study is that
one-quarter of this sample of UK Internet users reported
accessing and/or posting user-generated health information
online. Because this is the first study of its kind in the United
Kingdom, there are no equivalent data from which to study
trends.

As has been repeatedly shown in studies of online health support
groups, most participants do not actively post their own content,
although they read what others have written [13-17]. Although
it is not possible to directly measure the activity of these
“lurkers,” they represent such a large proportion of those
engaged with UGC that we should see this as “normal” online
behavior. Further exploration of the motivations and usage of
UGC by these passively engaged individuals is required. By
grouping responses to this survey according to the frequency
with which people reported accessing and sharing UGC, we
sought to understand the characteristics of people who are highly
engaged in these behaviors—the superusers. Although our data
do not provide information on the effects of UGC, our findings
characterizing the 7.5% of respondents classified as superusers
is valuable in describing the group who may be generating the
content that others are viewing.

These superusers are predominantly male. Respondents in the
youngest age category (16-24 years) are more likely to be
superusers, whereas those in the oldest age category (55-74
years) are generally rare users. Superusers carry out more varied
activities on the Internet, such as online banking and booking
travel, than the users and rare users. Despite these differences,
our results suggest that there are no differences in health status
or health service use between the superusers and the other 2
groups. This suggests that people who are well may be as
responsible for producing our online health content as people
who are ill. To our knowledge, this is the first explication that
UGC does not appear to be associated with self-reported use of
health services. This study did not distinguish between the use
of information that provides guidance for a diagnosis or
treatment of a health condition, and information shared or
accessed by people who are healthy and either seeking or
offering lifestyle advice. Several possible mechanisms have
been identified by which UGC and, in particular, others’
experiences may affect health, such as finding information,
feeling supported, and experiencing health services [5].
Therefore, our results are congruent with the contingent model
of health information use, which suggests that health information

is one important component of a health care experience, rather
than as something that displaces or reduces use of health services
[28].

It was surprising that about 20% of participants were unaware
of the availability of UGC on the Internet, particularly as this
was a sample of Internet users. The outcomes of UGC are
unclear; therefore, we would not necessarily recommend
interventions to increase access. Further research should focus
on reasons why these individuals, who have access to the
Internet and are motivated to complete a health survey, are
unaware of the availability of this increasingly ubiquitous
content.

Previous studies of health-seeking behavior on the Internet have
found that females more commonly access health information
on the Internet than males [1,4]. However, in the present study,
superusers were more likely to be male. It has been suggested
that men rate their self-assessed online skills higher than women
do, which is one possible explanation for higher reported use
of these complex online resources by men [29]. Although our
data did not provide an opportunity to examine this issue further,
it is an important area for future research as it guides content
development and implementation.

Limitations
The survey used in this study was administered online.
Administering a survey in this way enables rapid data collection,
reduces administrative burden, and is cost-effective. It may
cause selection bias because those who do not have Internet
access as well as adequate digital skills are excluded [30]. In
this study, rare users may have been excluded because of a lack
of digital skills. Those with chronic illness may also have been
less inclined to participate in an online survey or excluded
because of fatigue or disability. Another limitation is the use of
quota sampling (done to facilitate international comparisons in
the overall survey), which reduces the generalizability of the
results of this analysis to the overall population when compared
with a true random sample. Although the sample was selected
to be representative of UK Internet users, subsequent studies
with different designs might sample purposively for superusers
to explore their behavior and motivations more fully. Further
research focusing on smaller age categories and going deeper
into some of the life-cycle variables that may affect use of online
health information (eg, parenting or retirement) would be useful
as well. Furthermore, this study reports a secondary analysis of
a larger survey on people’s use of the Internet for health. Some
potential areas of inquiry relevant to UGC were not included
in the original survey, such as its use to obtain social support
and to select health services based on others’ experiences [5].
Finally, this study reports cross-sectional data, which precludes
determining causal relationships. Because this is the first study
of its kind in the United Kingdom, it is exploratory in nature
and does not evaluate effects of UGC.

Conclusions
This study reports results of the first representative sample of
UK Internet users that investigates accessing and sharing
user-generated health content online. Within the context of
available surveys from other countries, our results suggest that
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UGC may be increasingly popular among those who are healthy
and who have chronic conditions alike, and that a minority of
people who frequently access and share may be primarily
responsible for generating the majority of content that others
view.

The potential benefits of ICT for health are vast, but it is likely
that some online resources are effective and desirable for some
people and they are not for others. Understanding the contexts
in which they are helpful is important to be able to support
individual patients, public health initiatives, and to develop

information policy and strategy in clinics and health systems.
Through understanding characteristics of those who already
participate in accessing and sharing user-generated health
content online, as well as the differences between groups of
users based on the frequency with which they do so, the results
of this study bring clarity to this important issue regarding use
of ICT for health information. These findings inform an agenda
for further research to identify why people access and share
UGC, what the impact is on health behaviors and outcomes,
and if expanding engagement with user-generated health content
online is likely to be beneficial.
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Abstract

Background: During the past 2 decades, the Internet has evolved to become a necessity in our daily lives. The selection and
sorting algorithms of search engines exert tremendous influence over the global spread of information and other communication
processes.

Objective: This study is concerned with demonstrating the influence of selection and sorting/ranking criteria operating in search
engines on users’ knowledge, beliefs, and attitudes of websites about vaccination. In particular, it is to compare the effects of
search engines that deliver websites emphasizing on the pro side of vaccination with those focusing on the con side and with
normal Google as a control group.

Method: We conducted 2 online experiments using manipulated search engines. A pilot study was to verify the existence of
dangerous health literacy in connection with searching and using health information on the Internet by exploring the effect of 2
manipulated search engines that yielded either pro or con vaccination sites only, with a group receiving normal Google as control.
A pre-post test design was used; participants were American marketing students enrolled in a study-abroad program in Lugano,
Switzerland. The second experiment manipulated the search engine by applying different ratios of con versus pro vaccination
webpages displayed in the search results. Participants were recruited from Amazon’s Mechanical Turk platform where it was
published as a human intelligence task (HIT).

Results: Both experiments showed knowledge highest in the group offered only pro vaccination sites (Z=–2.088, P=.03;
Kruskal-Wallis H test [H5]=11.30, P=.04). They acknowledged the importance/benefits (Z=–2.326, P=.02; H5=11.34, P=.04)
and effectiveness (Z=–2.230, P=.03) of vaccination more, whereas groups offered antivaccination sites only showed increased
concern about effects (Z=–2.582, P=.01; H5=16.88, P=.005) and harmful health outcomes (Z=–2.200, P=.02) of vaccination.
Normal Google users perceived information quality to be positive despite a small effect on knowledge and a negative effect on

their beliefs and attitudes toward vaccination and willingness to recommend the information (χ2
5=14.1, P=.01). More exposure

to antivaccination websites lowered participants’ knowledge (J=4783.5, z=−2.142, P=.03) increased their fear of side effects
(J=6496, z=2.724, P=.006), and lowered their acknowledgment of benefits (J=4805, z=–2.067, P=.03).

Conclusion: The selection and sorting/ranking criteria of search engines play a vital role in online health information seeking.
Search engines delivering websites containing credible and evidence-based medical information impact positively Internet users
seeking health information. Whereas sites retrieved by biased search engines create some opinion change in users. These effects
are apparently independent of users’ site credibility and evaluation judgments. Users are affected beneficially or detrimentally
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but are unaware, suggesting they are not consciously perceptive of indicators that steer them toward the credible sources or away
from the dangerous ones. In this sense, the online health information seeker is flying blind.

(J Med Internet Res 2014;16(4):e100)   doi:10.2196/jmir.2642

KEYWORDS

consumer health information; search engine; searching behavior; Internet; information storage and retrieval; online systems;
public health informatics; vaccination; health communication

Introduction

Background
In 2012, more than 2 billion people worldwide used the Internet
[1]. In the United States, 81% of adults reported Internet usage
[2], whereas 73% of households in the United Kingdom had
access to Internet [3]. One of the main purposes of Internet
usage is seeking health information [2-6]. In fact, several studies
reported that looking for medical information on the Internet
was the first resort by individuals [2,4,5,7,8]. Despite the
abundance of medical portals and health-related websites, many
studies showed the main gateway for seeking health information
was through search engines and, in particular, general search
engines [2,9-11]. According to one study, 8 in 10 online health
information seekers started with a search engine (Google, Bing,
or Yahoo) [2].

In 2012, Google, the most popular search engine, processed as
many as 1.2 trillion search queries in 146 different languages
[12]. This number illustrates the importance of search engines
for information seeking on the World Wide Web. A recent study
[13] using “breast cancer” as a keyword found that results
retrieved by 4 widely used search engines overlapped
considerably, but each engine had a unique way of
sorting/ranking (and thus emphasizing) various types of content.
Because most searches produce many more results than anybody
would be willing to read, people concentrate on the first results
[10,14]. This gives the sorting/ranking algorithms of the search
engines tremendous influence over the global spread of
information and other communication processes. This study is
concerned with demonstrating the influence of selection and
sorting/ranking criteria operating in search engines on users’
knowledge, beliefs, and attitudes.

The promise of the Internet as a decision support system that
makes available to patients not only a vast array of information,
but also advice, product promotion, services, and even decision
aids for health care and health maintenance [15] is seriously
marred by the fact that the quality of health information on the
Internet varies tremendously [16-24]. Many challenges arise
from this variance, especially from the low-quality information
content for people who might be literate enough to find,
understand, and process such information and store it in their
memories, but not literate enough to recognize it for what it is
(false, irrelevant, or fraudulent). This is why, in the context of
false or misleading health information, we speak of bad (or
dangerous) health literacy [15], meaning the presence of the
ability to understand medical information turned sour by the
simultaneous absence of the ability to recognize it as false.

Quality criteria for health websites were developed in scholarly
literature [17-19,24,25-31], but they cannot be expected to affect
the everyday information-searching behavior of Internet users.
At least 3 reasons exist for quality deficits making the Internet
a potentially dangerous decision support system in matters of
health. First, some Internet users might be incapable of telling
high- from low-quality information. This problem was there
before the Internet, but the sheer amount and diversity of health
information available on the Web enlarges it considerably.
Second, they might mistake the Internet as an authoritative
source and not see the necessity of assessing the quality of the
information. This is also not a new problem, and is likely
increased by the specific nature of the Internet, including the
easiness with which information can be retrieved. Third, users
might mistake a search engine’s ranking of results as a quality
ranking. This means they trust the search engine to provide the
best websites and transfer this trust to the sites and the
information they offer.

Quality deficits might result from knowledge deficits in the
communicator because anybody can post health information on
the Web. Quality deficits may also originate from material
interests of communicators, such as businesses in the health
sector that operate websites primarily as advertising for their
products or services. Also, quality deficits may be caused by
advocacy. As with commercial interests, strong advocacy in a
controversial issue may mar the perception of facts relevant to
the issue.

Previous Studies
Early studies [16,20-24] discussed the challenges that arise from
the variability of the quality of health information. Information
overload, searching difficulties, and lack of organization,
regulation, quality, and accurate information [23] are some of
these challenges. Many initiatives and ideas were proposed to
solve or reduce this problem. These initiatives included
proposing guidelines or quality indicators for users [27-29,31],
suggesting a seal of approval or code of conduct [20,27,28,30],
promoting an eHealth code of ethics [32], evaluating website
design features, and factors for boosting websites’ credibility
[33-35]. Other studies suggested the use of rating systems, by
giving the physicians and medical societies a role in applying
filtering and labeling technologies [20].

The common methods used to assess the quality of the websites
were to ask participants, patients, or physicians to rate a set of
websites retrieved by multiple search engines [19,21,36-40].
Tools like DISCERN [41] and its brief version [42] were
developed to assess patients’ written information with respect
to treatment options; they were modified later for validating
health information on the Internet. Many other studies have

J Med Internet Res 2014 | vol. 16 | iss. 4 | e100 | p.237http://www.jmir.org/2014/4/e100/
(page number not for citation purposes)

Allam et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/jmir.2642
http://www.w3.org/Style/XSL
http://www.renderx.com/


developed questionnaires that serve as measurements of the
credibility and the quality of websites [34,35]. Google PageRank
[43] may be a potential quality indicator after having medium
correlation with ratings from DISCERN and the evidence-based
quality of content [37]. Additionally, the readability level was
also assessed for health-related websites [19,36], which showed
that the majority of health-related websites required high school
level or above [19,44]. This presented another challenge to
understanding the online health material, especially for people
with low literacy [44,45].

Not only was the quality of websites investigated, studies also
evaluated the efficiency of search engines and the relevance of
retrieved websites among multiple search engines. These studies
proceeded by measuring the coverage and accuracy of the
retrieved content [19] or by measuring the share of relevant
content among the retrieved search results [38-40] from multiple
search engines. Additional methods looked into the log files of
search engines to understand what cancer-related queries people
search for [8]. Another study combined transactional log analysis
with a complementary pilot study to understand users’ online
behavior and navigational trends at ClinicalTrials.gov [11]. In
addition, keyword effectiveness indexing was applied and
explored to estimate the ability of search engines to retrieve
relevant results [46].

Other experiments observed participants in the laboratory during
their online health information seeking [10,44,47-50]. Most of
the studies started with a hypothetical scenario and asked the
participants to perform a related search either for themselves
or for others. The participants were audio/video recorded and
their computer screen was also recorded. Additional log files
were used for further analysis. Most of these studies
[10,44,47-49] used a think-aloud protocol [51] in which
participants spoke while they were searching. Some of the
studies contained in-depth interviews [10,52,49] and/or focus
groups [10,48].

Other studies looked at eHealth literacy of college students
aiming at a career in a health profession, by measuring their
research skills [50,53]. These studies used the Research
Readiness Self-Assessment (RRSA) based on the Information
Literacy Competency Standards for Higher Education. The
RRSA measures proficiency in obtaining health information,
evaluating the quality of health information, and understanding
plagiarism [50].

To our knowledge, few or none of the previous studies
manipulated a widely known search engine, such as Google,
with the goal of systematically studying the effect of its
sorting/ranking and selecting algorithm on users’ knowledge,
beliefs, and attitudes toward a controversial health topic. By
manipulating the search engine, we aimed at ascertaining the
effects of using normal (unmanipulated) Google against a
manipulated search on the beliefs and attitudes toward a
particular health topic.

Hypotheses
The subject for our study was the medical controversy around
vaccination. Vaccination is one of the most important and
influential medical discoveries, protecting and saving millions

of lives [54-56]. In spite of its benefits, it has come into criticism
and controversy instigated by antivaccination activists and
organizations that have a strong online presence. The vaccination
issue is one that plots medical evidence against lay skepticism
or resistance [57]. The medical evidence considers the benefits
of vaccination to clearly outweigh its risks. That means that the
position against vaccination is only tenable if pertinent medical
knowledge is disregarded or misrepresented. Therefore, in our
view, website quality and position on the issue are intertwined
and cannot be treated separately. We compared a search engine
that delivered search results from high-quality provaccination
websites with another that yielded lower-quality antivaccination
websites.

Because websites and health interventions are known to increase
knowledge [52,58-61] and high-quality sites contain more
correct information on vaccination, we expect that users offered
information (webpages) from high-quality websites by their
search engine will gain more knowledge than users offered
information from low-quality websites (hypothesis 1).

The effect of message tendency on recipient opinion may be
the oldest theme in communication effects study. In light of this
tradition, we expect that the higher the share of webpages
(retrieved search results) from antivaccination websites offered
by a search engine, the more critical users’ beliefs and attitudes
on vaccination will become (hypothesis 2).

Favorable message and source assessment can be considered a
prerequisite for communication effects [62-64]. There is much
to say about source and message assessment than cannot be
tested here (eg, how they are affected by pre-experimental
attitude or how they change in the experiment). The concern
here is with recognition of the website quality. We assume that
people, even if they do not apply the whole catalog of scholarly
quality criteria, can recognize the quality of websites (or the
lack thereof). Consequently, users should assess high-quality
provaccination websites more favorably than low-quality
antivaccination sites (hypothesis 3).

Methods

Overview
We conducted 2 experiments to test our hypotheses. The
independent variable in both experiments was the proportion
of webpages (retrieved search results) from high-quality
provaccination and lower-quality antivaccination websites,
achieved by manipulating the search engine’s search space and
sorting/ranking criteria. Dependent variables in both experiments
were users’ knowledge, beliefs, and attitudes, as well as their
assessment of the websites. Both studies were conducted as an
experiment which set an information-seeking task to
participants, directed them to customized search engines
(without being aware of it), left their choice of search terms and
their selection of sites (from among those offered by the search
engines) uncontrolled, and measured the dependent variables
immediately after.
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Experiment 1

Design
The first experiment was a pilot study to verify the existence
of dangerous literacy in connection with searching and using
health information on the Internet. Moreover, the goal was to
explore the effect of 2 extreme manipulations of search engines
that retrieved search results from either high-quality pro sites
only or low-quality con sites only. A pre-post test design was
employed to assess change, using the same questions and exact
wording.

Experimental Conditions
Participants were allocated randomly to 3 experimental groups.
Group 1 used normal Google, with its search coverage being
the whole Web. Group 2 used Google configured to search for
information from a set of websites certified by the Health on
the Net (HON) code [30], which aims to provide health
information of better quality and trustworthiness on the Web.
The set additionally included websites from the World Health
Organization (WHO), Public Health Agency of Canada, and
governmental health agencies in the United States, such as the
National Institutes of Health (NIH), Centers for Disease Control
and Prevention (CDC), Food and Drug Administration (FDA),
and other similar trustworthy credible websites. Group 3 used
an engine configured to search for information from websites,
blogs, and forums that discourage vaccination or were run by
antivaccination activists and movements. Participants were
unaware of the search engine manipulation and of which
experimental group they belonged to.

Manipulating the Search Engine
The customization of the search engines was achieved by
limiting their search coverage to different predefined sets of
websites. This manipulation was realized by configuring the
context and annotation files of Google custom search engine
[65]. Both files were written in Extensible Markup Language
(XML) in which the context file described the features and the
settings of the search engine and the annotation file listed the
set of websites the search engine covered in addition to weights
and indicators instructing the search engine how information
(webpages) retrieved from these sites would show or rank in
the search results. Moreover, it allowed the possibility to widen
the search space by including all webpages and documents found
under the same domain. The first annotation file (for the search
engine used by group 2) contained the HON-certified websites
plus similar trustworthy and credible websites mentioned
previously. The second annotation (for the search engine used
by group 3) contained a set of websites that supported the con
side of vaccination or discouraged people from vaccination.
The set was assembled by running several regular searches on
Google and other search engines for vaccination using negative
keywords. Examples of the terms employed are vaccination and
autism, side effects of vaccination, dangerous vaccines,
antivaccination movements, antivaccination groups, bad
vaccines, vaccine efficacy and skepticism, stop vaccination,
etc. The sites yielded were read and informally classified as
antivaccination or not. The search ended when the set of
antivaccination websites contained 88 items. For the control

group 1, we used normal Google (unmanipulated) to search the
whole Web.

Procedure
The participants were informed that they were going to take
part in an experiment about seeking online health information
conducted by the University of Lugano in Switzerland. They
were asked to inform themselves about vaccination and were
given 10 minutes to do so. The search engines were embedded
in a webpage that used the regular search layout provided by
Google. We randomly distributed the instruction sheets of the
experiment in front of the computers in the laboratory.
Participants entered and chose a workstation as they wished.
Each instruction contained a link to 1 of 3 webpages, which the
participant was to open to begin the study. After answering a
pretest questionnaire, participants were asked to search for
information about vaccination for 10 minutes. Participants were
free to search with any keyword they wanted and with as many
as they wanted during the 10-minute time frame.

The retrieved search results were presented as a set of 10 search
result pages; each page contained 10 results, adding up to a total
of 100 websites/pages. A pager from 1 to 10 was displayed at
the bottom of each page.

Strong emphasis was placed on the fact that this search engine
was powered by Google and results were retrieved in a way so
that participants were not alerted to any manipulation. After the
search phase ended, they were redirected to answer a posttest
questionnaire.

Recruitment and Participants
Marketing students from Virginia (USA) enrolled in a
study-abroad program in Lugano, Switzerland, were asked to
participate in the experiment. It ran in the computer laboratory
of the University of Lugano. The sample of students was N=39
(group 1: n=12, group 2: n=14, group 3: n=13); 21% (8/39)
were males and 79% (31/39) females.

Measures
Students had to fill out a pre-post questionnaire. The pretest
questionnaire included the following measures used in the
ensuing analyses:

1. Vaccination knowledge (or vaccination literacy): Battery
of 14 true/false items combined to produce a knowledge
index.

2. Attitude and beliefs toward vaccination: Set of 10 items
that were presented as statements about vaccination, which
participants responded to on a Likert scale (1=completely
disagree to 7=completely agree). An additional 5 items
measured the level of perceived side effects and benefits
of vaccination for adults and children.

3. Sources and assessment of health information: A total of 7
items identified the participants’ main sources of health
information and their trust in a set of predefined sources,
measured on a Likert scale.

4. Sociodemographic items for gender, nationality, year of
birth, level of education, type of work, and frequency of
Internet usage. Two additional items were included if the
participant had experience or worked in a medical
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environment and if the participant knew anyone who had
a negative experience or side effect(s) from vaccines.

For the posttest questionnaire, students were asked to answer
the following items:

1. Vaccination knowledge (or vaccination literacy) and attitude
and belief toward vaccination: same as described previously.

2. Trust in retrieved information and consulted websites: A
total of 7 items measuring summarily the credibility,
satisfaction, trustworthiness, and relevance of the
information retrieved and the websites visited.

3. Persuasion measure: A total of 5 categorical items
measuring participants’ self-perceived persuasion by the
sites visited.

Data Analysis
Wilcoxon signed rank test was used for testing significance
within each group in a before/after experiment for the knowledge
index and the different attitude and belief items. In addition,
1-way ANOVA and the Kruskal-Wallis H test were used to
analyze if there was a difference in information quality
assessment among the 3 groups.

Experiment 2

Design
The second experiment was developed to leverage on the first
and replicate it with a larger sample. It also increased the number
of experimental conditions allowing for different ratios of pro
and con sites in the mix provided by the search engine.
Participants were again allocated randomly to one of the
experimental conditions, and the procedure was similar to
experiment 1; however, a posttest-only design was used.

Experimental Conditions
Experiment 2 compared 5 experimental groups and 1 control
group who again used normal Google (group 1). The
experimental groups differed in the ratio of con versus pro
vaccination retrieved webpages offered by the customized search
engine. Con and pro webpages were offered in the ratio of 0:10,
4:6, 6:4, 8:2, and 10:0 to groups 2 to 6, respectively. Group 2
(ratio 0:10) corresponds to group 2 in experiment 1, and group
6 (ratio 10:0) is similar to group 3 in experiment 1.

Manipulating the Search Engine
To manipulate the search engine for experiment 2, we started
by writing context files and annotation files as in experiment
1, one pair describing the search engine restricted to a con
vaccination set of websites and another pair to a pro vaccination
set of websites (HON-certified and similar trustworthy credible
sources reported in experiment 1). By using JavaScript and the

Google custom search application programming interface (API)
[65] without manipulating the ranking or the searching algorithm
of Google, we programmatically controlled the search execution
of both search engines and the display of the search results
delivered from both [66]. The first search engine was called
ConVaccineSearcher and the second ProVaccineSearcher. As
the participant entered a search query in the provided search
box, the 2 engines were launched with the same query and the
results retrieved were displayed according to the participant’s
experimental condition. For example, to achieve a ratio of 4:6,
the first 4 results retrieved from ConVaccineSearcher were
added on the top of the first 6 results retrieved from
ProVaccineSearcher to build a search result page with 10 results.

Procedure
Experiment 2 was presented as a website that proceeded in
several steps similar to experiment 1. Figure 1 represents the
search page presented to participants during the experiment. An
additional like/dislike button was attached to every result
(webpage). By clicking on these buttons, participants were able
to rate the pages they read. As a visual indication for the rating
action, the corresponding like/dislike button disappeared
(Multimedia Appendix 1) once it was clicked. All the retrieved
results (webpages), the like/dislike button, and the pager that
represented a link to each of the 10 search result pages were
attached to event handlers that updated the database using
asynchronous JavaScript (AJAX), once they were clicked. This
system was developed with the intention to record the behavior
and the actions of each participant in a way that allowed
constructing the timeline for each one.

After 10 minutes, an alert popped up informing the participants
about the end of the search and redirecting them to the
questionnaire. After completing the questionnaire, they were
directed to a “thank you” page that displayed a generated code
if the experiment was completed successfully. Multimedia
Appendix 2 includes screenshots of these steps of the
experiment.

Before the search and the questionnaire, participants were
directed to a webpage (Multimedia Appendix 3) gateway that
asked for the Amazon Mechanical Turk (MTurk) worker
identification number before proceeding to the next step. MTurk
is a crowdsourcing platform for requesting humans (MTurk
workers) to work on executing specific tasks. In this way, we
could track when they started the next phase and whether they
passed through the experiment once or consecutively in one
sitting. This ensured the validity of the flow of the experiment
and allowed us to decide which participants followed the study
instructions correctly.
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Figure 1. Screenshot of an unmanipulated Google search page.

Recruitment and Participants
For experiment 2, a Web platform using Drupal framework was
developed. We designed a human intelligence task (HIT) for
each of the groups that explained the experiment in general

terms asking would-be participants to go to the Web platform
we prepared to start. We used the same template and wording
of the HIT for all groups. We published a HIT, renewed each
week, on the MTurk platform for approximately 6 weeks
(October 9 to November 19, 2012) that included an interruption
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because of technical difficulties. Each HIT linked to the
previously mentioned Web platform that allocated the
participants to the different manipulations. JavaScript syntax
was embedded in the webpage and controlled the workflow of
loading, choosing the custom search engine, and allocating the
participants by randomly generating a number from 1 to 6 when
the page loaded. Participants who were registered as Amazon
MTurk workers and who passed the qualification requirements
described subsequently were able to preview the HIT and apply
for it if they wanted. At the end of each week, we analyzed the
submissions and accepted people who followed the experiment
as explained. The qualification requirements for the HIT were
1-Number of HITs approved greater than or equal to 5000. The
2-HIT approval rate for all requesters’ HITs was greater than
94%. The duration to complete the task was set to 30 minutes.

The sample size was N=197 (group 2: n=30, group 3: n=45,
group 4: n=32, group 5: n=31, group 6: n=29, control group 1:
n=30); 61.4% (121/197) were males and 38.6% (76/197)
females. The nationalities of the participants were 0.5% (1/197)
from England, 0.5% (1/197) from Hungary, 8.1% (16/197) from
India, and 90.9% (179/197) from the United States. The
participants’ level of education was 17.8% (35/197) with high
school level, 81.2% (160/197) with college or university level,
and 1.0% (2/197) with vocational training. The mean age of the
participants was 37.32 years (SD 11.39). The minimum age was
20 years and the maximum was 69 years. Additional information
about the age and the self-reported profession of the participants
for each group is represented in Multimedia Appendix 4.

Measures
In experiment 2, participants also had to fill a questionnaire
after the search. It was similar to the posttest questionnaire in
experiment 1 with the addition of:

1. Persuasion measure: A total of 9 items measuring
participants’ self-perceived persuasion by the sites visited
on a Likert scale (versus the 5 categorical items in
experiment 1).

2. Sociodemographic items that were presented in the pretest
questionnaire of experiment 1.

Data Analysis
Knowledge scores were calculated for each participant and then
ranked to apply the Kruskal-Wallis H test for testing for any
significance among the experimental groups.

For the items measured on interval scales, we conducted factor
analysis to find the latent variables [67]. Factor scores were
calculated using Bartlett scores for each of the participants;
Kruskal-Wallis H test, median test, and Jonckheere’s trend test
were used for the analysis of scores between the experimental
groups. Jonckheere’s test excluded the normal Google control
group because the test is for a trend depending on decreasing
and increasing shares of pro and con sites. The additional 2
items that indicated if the participants were persuaded by the
information they read were analyzed using chi-square test. All
analyses were conducted using SPSS 20 (IBM Corp, Armonk,
NY, USA).

Results

Summary
All statistical analyses performed in this section were considered
significant at P<.05. The Mann-Whitney U was used as a
follow-up test for comparing different groups and a Bonferroni
correction was applied; therefore, the significance level was
changed to P<.01. Every time this occurs, it is clearly indicated.
Moreover, we checked for the participants’ characteristics
among the groups in both experiments to see if there was any
bias in any of the groups. The sociodemographic measure
including the 2 items mentioned previously was the criteria.
Results were insignificant in both experiments, implying that
the participants in the experimental groups were similar with
no significant differences among them. These results are
reported in Multimedia Appendix 5.

Experiment 1

Knowledge
Knowledge questions from experiment 1 were calculated as
scores and then ranked to apply the Wilcoxon signed rank test
for checking any significance within each group in a before/after
experiment. A significant increase in knowledge was observed
in group 2 (Z=–2.088, P=.03), who were exposed to high-quality
provaccination sites only. The other 2 groups did not show any
significant increase in knowledge. An additional test was
performed on the pretest knowledge scores of the 3 groups to
check if there was any difference. The result was not significant
(H2=4.02, P=.13)

Beliefs and Attitudes
Two of the 15 attitude measures showed a significant change
within group 2 (only high-quality provaccination sites), but
none in groups 1 and 3. Importance of vaccination in adults
against influenza (Z=–2.326, P=.02) and the effectiveness of
vaccination against swine flu (Z=–2.230, P=.03), group 3 (only
antivaccination sites) showed an increase in concern about the
side effects of vaccination for adults (Z=–2.582, P=.01) and
believing that vaccinations cause more harm than good
(Z=–2.200, P=.02). In the remaining 11 measures, no significant
change was observed.

Assessment of Information
Using 1-way ANOVA and Kruskal-Wallis test showed no
difference between the 3 groups for trust in the information

found (F2,36=1.83, P=.17; χ2
2=2.5, P=.28), satisfaction with the

information found (F2,36=1.84, P=.17; χ2
2=1.2, P=.54),

assessment of its persuasiveness (F2,36=0.99, P=.38; χ2
2=0.7,

P=.68), information relevance (F2,36=2.97, P=.06; χ2
2=5.4,

P=.06), and trust in Google (F2,36=3.07, P=.06; χ2
2=4.2, P=.12).

This means none of the measures employed produced any
significant differences between the experimental groups.
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Experiment 2

Knowledge
A knowledge index was computed for each participant based
on the answers of 14 true-false questions in experiment 2. By
using the Kolmogorov-Smirnov (D) and the Shapiro-Wilk tests,
the distribution of the knowledge index (D197=.10, P<.001) was
found to be significantly nonnormal. As a result, we opted for
nonparametric tests. The Kruskal-Wallis H test showed that the
knowledge index was significantly affected by the different
exposition to con vs pro vaccination websites (H5=11.30, P=.04).

Mann-Whitney U tests were used to follow up this finding. A
Bonferroni correction was applied and the effects were reported
at .01 level of significance. The 4 comparisons between each
of the groups 3 through 6 and normal Google (control group)
did not show any significant result. Only group 2 showed a
significantly higher level of knowledge versus the control group
(U=241.5, r=–.4, P=.003). Figure 2 shows the medians for the

experimental groups. It can be seen that as the share of search
results belonging to antivaccination websites displayed
increases, the median knowledge score decreases. In addition,
the median of each group subjected to antivaccination websites
is below the grand median.

Jonckheere’s trend test was applied to investigate whether the
trend visible in Figure 2 was statistically significant. We
hypothesized that the median of the knowledge index would
decrease as the share of retrieved webpages from antivaccination
websites in the search result pages increased. Jonckheere’s test
revealed a significant trend in the data: the more participants
were exposed to antivaccination websites, the lower the median
of knowledge (J=4783.5, z=−2.142, P=.03).

In summary, the results from both experiments support our first
hypothesis that users offered webpages from high-quality
websites by their search engine will gain more knowledge than
users offered webpages from low-quality websites.

Figure 2. Median vaccination knowledge scores and 95% CI (error bars) by experimental group (experiment 2).

Beliefs and Attitudes
In the factor analyses of attitudinal measures, an additional step
was performed to check for multicollinearity by evaluating the
variance inflation factor (VIF), making sure the items under
analysis maintained low levels of VIF (<3). The factor analysis

ran on 21 items with oblique rotation (promax) using the
maximum likelihood extraction method. The
Kaiser-Meyer-Olkin (KMO) measure verified the sampling
adequacy for the analysis (KMO=.894), and by looking at the
diagonal of the anti-image correlation matrix, all KMO values
for individual items were >.70, well above the acceptable limits.
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Bartlett’s test of sphericity (χ2
190=1784.1, P<.001) indicated

that correlations between items were sufficiently large for factor
analysis. An initial analysis was run to obtain eigenvalues for
each component in the data. Four eigenvalues were greater than
Kaiser’s criterion of 1 and in combination explained 60% of
the variance. We conducted a parallel analysis and looked into
the scree plot in Figure 3, in which an inflection point was
detected on the fourth eigenvalue. For this reason, we retained
3 factors for our final analysis. To assess the reliability of the
subscales that emerged from factor analysis, we measured
Cronbach alpha, which is the most common measure of scale
reliability. Table 1 shows the pattern matrix of the factor analysis
including each item’s loadings on the obtained 3 factors. The
eigenvalues were 7.13, 2.46, and 1.46 and the percentage of
variance explained by each from the total variance was 35.64%,
12.34%, and 7.33%, respectively. In addition, the Cronbach
alpha for each subscale that comprised items that had greater
than or equal 0.4 loadings was .88, .86, and .75 respectively.
The items that form factor 1 suggest that it represents
skepticism/fear of vaccination side effects, acknowledgment of

vaccination benefits for factor 2, and information qualities for
factor 3. Factors 1 and 2 were negatively correlated (–.67)
whereas both were almost zero correlated with factor 3.

To compare the groups, factor scores were calculated using the
Bartlett method. Applying the Kruskal-Wallis H test revealed
that the level of fear for vaccination side effects was
significantly affected by the different exposure to con versus
pro vaccination websites (H5=16.88, P=.005).

Mann-Whitney U tests were used to follow up this finding. A
Bonferroni correction was applied and the effects were
considered significant at .01 alpha level. The 5 comparisons
between each of the groups 1, 3, 4, 5, and 6 and group 2 (offered
only high-quality provaccination sites) showed significant
results, as reported in Table 2. Figure 4 shows the median of
factor 1 score by the experimental groups. The most important
comparison was with the real scenario that included normal
Google (control group). Normal Google and group 2 differed,
but the other groups did not differ from the control group. Thus,
normal Google offered websites that created as much fear of
vaccination as any of the customized search engines.
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Table 1. Factor analysis of attitude and website assessment measures in experiment 2.

Factor loadingsPattern matrixb

321

.055.093.807aWhen recommending vaccination, doctors do not pay enough attention to side effects

–.027.016.746aIn your opinion, how serious are the side effects of vaccination on adults? 

.035–.127.705aMany vaccinations today do more harm than good

.069–.106.674aMany vaccinations recommended today are not really necessary because the disease is more or less extinct

–.007–.117.668aIn your opinion, how serious are the side effects of vaccination on kids?

.067–.055.630aPeople who vaccinate run a risk of getting the disease from the vaccination

–.054–.011.621aWhen I read in the websites about the efficacy of vaccination I felt worried

.108–.207.583aVaccination often does not really protect against a disease

.104.348.564aHealth authorities should put the necessity of vaccination programs to the test more often

.219.040–.528aIn your opinion, should adults get vaccinated for influenza?

.085.039–.402aIn your opinion, should babies get vaccinated for Hepatitis B?

.205.120–.399aIn your point of view, how effective is vaccination against swine flu?

–.053.931a.122Vaccination is one of the great medical breakthroughs affecting our lives

–.029.794a–.013If it weren’t for vaccination, many people today would have a shorter life span than they do

.118.686a–.041Sustaining and preserving current vaccination programs is a top priority of public health in our country

–.054.568a–.276People who opt against vaccination not only put themselves but also other people at risk

.779a–.089–.032How much do you trust the information on vaccination you found in your search just now? 

.642a.094.079Was the information you found relevant?

.639a–.092–.111I think that the information about vaccination I’ve read now from websites is comprehensible for me

.582a.069.034How much do you trust Google to provide you with good information? 

aLoading ≥0.4.
bExtraction method: maximum likelihood; rotation method: Promax with Kaiser normalization.

Table 2. Differences in user fears of vaccination between group 2 (only high-quality pro sites) and all others.

PEffect size rMann-Whitney UGroup 2 vs:

<.001–.42331Group 3

.001–.40252Group 4

.003–.34280Group 5

.001–.42220Group 6 (only con vaccination sites)

.01–.32282Group 1 (normal Google)

J Med Internet Res 2014 | vol. 16 | iss. 4 | e100 | p.245http://www.jmir.org/2014/4/e100/
(page number not for citation purposes)

Allam et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 3. Scree plot for the factor analysis.

Regarding factor 2 representing the acknowledgment of
vaccination benefits, Figure 4 displays the median factor score
for different experimental groups. The Kruskal-Wallis H test
showed a significant result (H5=11.34, P=.04). Using
Mann-Whitney U tests with Bonferroni correction applied,
significant results were reported at .01 alpha level. Only the 2
comparisons between groups 2, 3, and 6 showed significant
results (U=444, r=–.28, P=.01 and U=273, r=–.31, P=.01,
respectively).

To investigate whether there was a significant trend in the
median of the attitude factor scores among different groups,
Jonckheere’s trend test was applied. The groups were ordered
0:10, 4:6, 6:4, 8:2, 10:0, with the share of con vaccination

websites rising step-by-step. Significant results are reported in
Table 3.

Table 3 suggests that as the share of con vaccination websites
displayed increased, the fear of vaccination side effects also
increased, whereas the acknowledgment of vaccination benefits
decreased. In other words as the con/pro ratio changed from 4:6
up to 10:0 (only con vaccination websites), participants became
more and more fearful of vaccination and acknowledged less
and less that it had benefits.

The presented results from both experiments support hypothesis
2 that the ratio of con and pro vaccination webpages offered by
the search engine affects information seekers’ views on
vaccination. The more con sites offered by the search engine,
the more skeptical they became.

Table 3. Jonckheere’s trend test results for attitude factor scores.

PJonckheere trend test scoreFactor score

Standardized, zObserved, J

.0062.7246496Factor 1: skepticism/fear of vaccination side effects

.03–2.0674805Factor 2: acknowledgment of vaccination benefits
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Figure 4. Median of the skepticism/fear of side effects, acknowledgment of benefits, and information quality factor scores by experimental group
(experiment 2).

Assessment of Information
Factor 3 offered a first measure of information assessment,
which found a significant result (H5=22.8, P<.001) in the

Kruskal-Wallis H test. Comparisons that showed significant
results after using Mann-Whitney U with Bonferroni correction
at .01 alpha levels are reported in Table 4.

Table 4. Differences among groups in assessment of information quality.

PEffect size rMann-Whitney UGroup comparison

<.001–.45216Group 2 vs 5

.001–.40231Group 2 vs 6

.001–.43229Group 1 vs 5

.002–.38242Group 1 vs 6

Additionally, 2 items that are indicators of perceived information
quality were analyzed using chi-square test. The items measured
whether the participant perceived any opinion change toward
vaccination and, as an indicator of general assessment of the
information retrieved, would recommend the information found.

The first item in Figure 5 resulted in χ2
5=10.9, which

corresponded to a value of P=.05 on the threshold of rejecting
the null hypothesis. Participants in the group that did not receive
lower-quality con sites, less often than the other groups attested
to second thoughts after reading the information. Figure 6 shows

the significant result (χ2
5=14.11, P=.01) for the second item,

indicating that when the share of the offered high-quality
provaccination webpages decreased, the participants were less
inclined to recommend to others the information they had
retrieved. However, most in all groups recommended the
information they found during the search phase.

The result from the first item implies that as the share of con
vaccination websites increased, the doubt in vaccination efficacy
increased. Moreover, the second item implied that health
information seekers on the Web did recognize the quality of the
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sites they read to some extent, although most in all experimental
groups recommended the information retrieved from the search
engine.

We applied Jonckheere’s trend test for the information quality
score as we did for the attitude scores. The test showed that as
the share of displayed webpages belonging to low-quality con
vaccination websites increased, the assessment of information
quality decreased (J=4154, z=−3.911, P<.001)

Additional information regarding participants’ search terms is
reported in Multimedia Appendix 6. The participants’ ratings
of con and pro vaccination webpages is evident from the clicks
on the like/dislike buttons. Table 5 displays the results. The
webpages belonging to high-quality provaccination sites were
liked more often and disliked less often than pages belonging

to lower-quality antivaccination sites. The latter, however, were
on average also liked. In fact, 83% of the judgments of the
high-quality webpages and 64% of the judgments of low-quality
pages were positive. The difference of approximately 20% was
similar across the groups. The mix of sites offered did not affect
the evaluation of the sites.

Table 5 shows that participants who were offered high shares
of high-quality information looked at more pages than the groups
offered high shares of low-quality information. Various
interpretations can be considered. Lower-quality information
(eg, may be more difficult to process) could make respondents
stay longer on the respective sites. It could also be that
high-quality information was a bit boring, which could make
respondents move on faster.

Table 5. Overview of webpage choice and evaluation by using the like/dislike button (experiment 2).

Total

N=167

Experimental group (ratio con to pro sites)Webpages evaluation

6 (10:0)

n=29

5 (8:2)

n=31

4 (6:4)

n=32

3 (4:6)

n=45

2 (0:10)

n=30

Background

1449189243236523258Total unique webpages looked at, n

28713364295691086451Total like/dislike clicks, n

8.76.57.87.411.68.6Webpages looked at per participant

17.111.613.817.824.115.0Like/dislike clicks per participant

21.81.82.42.11.7Like/dislike clicks per webpage looked at

Higher-quality provaccination webpages

620—4268252258Webpages looked at,a n

1236—63189533451Like/dislike clicks, n

1020 (82.5)—49 (77.7)165 (87.3)465 (87.2)341 (75.6)Like clicks, n (%)

216 (17.4)—14 (22.2)24 (12.6)68 (12.7)110 (24.3)Dislike clicks, n (%)

Lower-quality antivaccination webpages

829189201168271—Webpages looked at,a n

1635336366380553—Like/dislike clicks, n

1060 (64.8)227 (67.5)223 (60.9)231 (60.7)379 (68.5)—Like clicks, n (%)

575 (35.1)109 (32.4)143 (39.0)149 (39.2)174 (31.4)—Dislike clicks, n (%)

Proportion of lower-quality antivaccina-
tion webpages

1008060400Proportion of lower-quality webpages in
experimental manipulation (%)

1008371520Proportion of lower-quality webpages
looked at (%)

aMost information not available for control group.

Groups offered a more evenly distributed mix of search result
webpages from high- and low-quality sites tended to pass
evaluation of the site more often. This could mean that the
impression of 2 equally strong camps triggered site quality
evaluations in users, whereas users offered a more uniform mix
in either direction seemed less motivated to indicate how they
thought of it. Across all groups who had a choice to select either

type of sites, bias ran in favor of low-quality antivaccination
sites, which were opened more frequently than their share in
the manipulated search engine results would suggest. This could
mean the con sites were, even just from looking at Google
output, more interesting than the pro sites.
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The results from experiment 2 support hypothesis 3 that
webpages from high-quality sites were assessed more positively
than webpages from lower-quality sites, which might be

indicative of the ability to recognize high-quality medical
websites. The hypothesis was not corroborated by experiment
1.

Figure 5. Bar graph of perceived persuasive effect of information retrieved by experimental group.
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Figure 6. Bar graph of general assessment of information retrieved by experimental group.

Discussion

Principal Findings
The study presents a new type of experiment that manipulates
the selection and sorting criteria of a general search engine to
study their influence on users’ knowledge and attitude toward
health-related topics (vaccination in our case). The study
retrieved results from 2 search spaces, one that was comprised
of websites that were HON-certified or ran by credible
trustworthy sources (eg, WHO, governmental health agencies)
and supported the pro side of vaccination, and the other space
was the websites skeptical of vaccination. The search engine
algorithm for matching the queries with the website and all
other parameters used in the algorithm to retrieve the relevant
results and determine their rank/order were left intact.

The only group with an increase in knowledge in experiment 1
was the group offered only HON-certified and similar
trustworthy webpages, and this group also differed from normal
Google in experiment 2. This implies that knowledge gain by
vaccination websites would be largest if websites critical of
vaccination were filtered out. The result that participants scored
higher in the knowledge index when they were less exposed to
antivaccination websites supports assumptions that lay behind
the initiatives promoting a health code of conduct [30],

health-related seals of approval [16], and eHealth standards
[31,32], and also the observation that websites with a
high-quality rating using DISCERN or low scores on readability
(grade levels) also contained health-related seals of approval
[36]. As in Lorence and Greenberg [68], our study promotes
the importance of quality proxies and encourages search engines
to give higher rank to websites passed these quality criteria.

With regard to attitudes and beliefs about vaccination, the group
offered only HON-certified and similar trustworthy credible
webpages was the only group with positive change in experiment
1, and was the only group with lower levels of skepticism about
vaccination in experiment 2, differing from both the normal
Google group and all other experimental manipulations. In spite
of a trend element showing more positive opinions as the
proportion of provaccination Web pages grew, the results seem
to indicate that attitude and belief change toward more support
for vaccination programs depends on the absence of counter
standpoints. Thus, the attitudes favored by websites offered by
search engines translate into users’ views on issues. Search
engines’ selection of websites according to bias, if it were to
occur, can be expected to affect Internet users’ views.

As to assessment of the information received, there was no
difference between the groups in experiment 1 indicating
participants were not able to tell good from bad sites. Actually,
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there was a trend element in experiment 2 showing the sites
were assessed better the higher the share of HON-certified and
other similar trustworthy sites was. But the lower-quality sites
were not assessed as bad; rather, they were assessed as less good
than the others. In other words, quality assessments are not
completely independent of actual quality, but health information
seekers seem to be blind to the fact that there are misleading
and dangerous information sources on the Web. People were
shown to hold positive views toward seeking health information
even if they had been unsuccessful in such endeavors before
[49].

This study finds 3 elements that together constitute bad or
dangerous health literacy. The first element is the presence of
bad information, caused by our experimental manipulation in
this study, but certainly prevalent in reality. The variability in
the quality of the content on the Internet has been demonstrated
in many studies from the early stages of Internet adoption
[16,20-24]. The second element is communication effects, in
our case suboptimal knowledge gain and transfer of skeptical
views into people’s heads when they are presented with a large
share of webpages from low-quality websites. Finally, a limited
capacity for judging the informational value of the website was
demonstrated and this is supposed to be the crucial condition
that makes people misinform themselves on the Web. This
capacity is not totally missing, but a weak sense of knowing
what makes good sites does not exempt one from the influence
of the bad ones.

Interestingly, results retrieved by normal Google were not as
informative and beneficial to participants as the results retrieved
by the manipulated search engine that retrieved only high-quality
provaccination websites.The group offered provaccination
websites only learned more than the normal Google group
became less skeptical of vaccination; their support for
vaccination was comparable as was their perceived information
quality. Moreover, the intention to recommend the information
found during the search was highest in the normal Google group.
In fact, the factor that represented information quality was
uncorrelated with the attitude scores. This suggests that effects
are apparently independent of users’ manifest of site credibility
and evaluation judgments. Another supporting observation is
that sites of low quality were rated comparatively positively
and this could explain why the quality assessment appears to
be unrelated to the effects.

Limitations
The study may have some limitations that are common to many
online health information-seeking experiments. The search task
is necessarily hypothetical and might turn out to be especially

problematic if the participant is not interested or affected by the
searching scenario. We chose, however, a medical topic that is
considered more general and spans a wide range of people,
especially all age groups. Vaccination concerns everybody and
becomes more visible at the time of epidemics or the spread of
infectious diseases, such as the H1N1 pandemic in 2009/2010.
Therefore, we believe educating people and making sure they
have good knowledge about vaccination and its benefits serves
a good purpose in such scenarios. Moreover, Fox and Duggan
[2] reported that half of online health information searches are
conducted on the behalf of other individuals; this could justify
the hypothetical scenario because searching for someone else
might be similar to searching hypothetically.

The study exploited the design of an online system that took
care of the experiment’s workflow and, more importantly, the
seamless tracking of the participants’ actions during the entire
search phase. The system recordings with the questionnaires’
responses formed the measurements that we received from the
participants. Many studies, specifically observational ones, use
verbal protocols such as the think-aloud protocol to capture the
online health information-seeking process. As a result, we
believe such methods would result in richer details and could
focus on aspects that might be missed by the online systems or
the questionnaires. Therefore, the study could benefit by
integrating and using such protocols as part of the measures,
which completes the whole image and provides a deeper insight
in the experiments.

Conclusions
By emulating a real-life scenario of a health-information search,
this paper aimed to demonstrate suboptimal outcomes of such
searches, not to attack search engines. Instead, we acknowledge
the importance of the advances in the technology and the
algorithms that are used by Google or any other widely used
search engine. More importantly, our aim is to raise attention
for the need of intelligent filters on top of these prominent
engines that will help in redefining the search experience by
providing different representation and evaluation of health
information content on the Internet. Moreover, the study seeks
to present new experiments that could be exploited further for
future research especially in the area of search engine
manipulation.

In conclusion, users are affected, be it beneficially or
detrimentally, but the quality of the source of this effect largely
escapes them. This suggests they are not consciously aware of
indicators that steer them toward the promising sources or away
from the dangerous ones. In this sense, the health information
seeker on the Internet is flying blind.
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Multimedia Appendix 1
Retrieved search results; each attached a like/dislike button and webpages 1,2 and 5 are rated.
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Multimedia Appendix 2
Screenshots of the steps in the experiment after the search phase that includes pop up window indicating the end of the search
phase, questionnaire phase and “Thank you” page displaying the automatic generated code.
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Multimedia Appendix 3
A gateway webpage that requests Mturk Worker ID before the search phase and the questionnaire phase.
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Multimedia Appendix 4
The age (in years) and self-reported profession of the participants in the six groups.
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Multimedia Appendix 5
Randomization check for Experiment 1 and 2. The experimental groups are compared to check if there is significant difference
among them with respect the socio-demographic measure.

[PDF File (Adobe PDF File), 152KB - jmir_v16i4e100_app5.pdf ]

Multimedia Appendix 6
Search terms used by participants during the search experiment. The size of the label is proportional to the frequency of occurrence
of the keyword among all the groups.
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Abstract

In 2014, the vast majority of published biomedical research is still hidden behind paywalls rather than open access. For more
than a decade, similar restrictions over other digitally available content have engendered illegal activity. Music file sharing became
rampant in the late 1990s as communities formed around new ways to share. The frequency and scale of cyber-attacks against
commercial and government interests has increased dramatically. Massive troves of classified government documents have
become public through the actions of a few. Yet we have not seen significant growth in the illegal sharing of peer-reviewed
academic articles. Should we truly expect that biomedical publishing is somehow at less risk than other content-generating
industries? What of the larger threat—a “Biblioleaks” event—a database breach and public leak of the substantial archives of
biomedical literature? As the expectation that all research should be available to everyone becomes the norm for a younger
generation of researchers and the broader community, the motivations for such a leak are likely to grow. We explore the feasibility
and consequences of a Biblioleaks event for researchers, journals, publishers, and the broader communities of doctors and the
patients they serve.

(J Med Internet Res 2014;16(4):e112)   doi:10.2196/jmir.3331
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The Hypothetical Biblioleaks Scenario

Through a concerted effort, hackers gain access to the databases
of six publishers that together control access to the majority of
subscription-based biomedical journal articles. This group makes
copies of every article from every journal and releases them
into the public domain. Subsets of articles are mirrored in
anonymous peer-to-peer networks, creating a decentralized and
multiply-redundant repository that is accessible to any human
or computer algorithm. The repository grows when its users
begin to add new and missing articles, creating a self-sustaining
system of frictionless, free, and universal access to published
research. While there would be recourse against offenders and
while the wider academic community may be unlikely to
embrace illicit activity, a robust international article-sharing
underground is created. Academics in wealthy countries

generally enjoy the privilege of institutional subscriptions to
many journals, but articles that require payment to read or
download (paywalled) are largely beyond the reach of everyone
else and there is a substantial motivation to access this new
resource.

The potential for this form of guerrilla open access is rarely
discussed [1], despite the massive scale of recent cyber-attacks
against commercial and government interests. Large-scale
events, like the rise of illegal music file sharing on Napster and
the massive releases of government documents including The
War Logs and global surveillance disclosures, can force these
issues of access and transparency into the mainstream public
debate.

The likely consequences of such an event for publishers,
journals, researchers, and the wider community are largely

J Med Internet Res 2014 | vol. 16 | iss. 4 | e112 | p.256http://www.jmir.org/2014/4/e112/
(page number not for citation purposes)

Dunn et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:a.dunn@unsw.edu.au
http://dx.doi.org/10.2196/jmir.3331
http://www.w3.org/Style/XSL
http://www.renderx.com/


unknown. Speculating on the consequences of a leak and the
plausibility of a decentralized article-sharing underground, we
consider the current behaviors of the producers and consumers
of biomedical research, the sizes and forms of recent data
breaches, and the technologies underpinning anonymous sharing.

Current Public Access

Of the 23.6 million articles currently indexed by PubMed (a
search engine that accesses the MEDLINE database of life
science and biomedical literature), the full text versions of just
over 3 million are available for free via PubMed Central (Figure
1). This means that today around 13% of peer-reviewed
biomedical articles currently indexed by PubMed are directly
available for free via PubMed Central. Although open access
publishing is growing rapidly (a 16-fold growth between 2000

and 2011 [2]), the overall volume of publishing in biomedical
research appears to be outpacing the volume of growth in open
access, creating a persistent archive of potentially inaccessible
biomedical research.

PubMed indexes the bulk of all biomedical research that meets
a minimum standard of quality but PubMed Central does not
capture all of the articles that can be accessed for free. Other
access options include library or personal journal subscriptions,
emailing authors, a series of balkanized repositories like
research-based social networks and institutional webpages [3],
and paying publishers for access to individual articles. This
process for gaining access to the full text of paywalled articles
is inefficient even for experts actively engaged in research, but
its most severe effects are likely felt by the groups that have
fewer options for access—clinicians and the broader public.

Figure 1. Volumes of articles currently indexed by PubMed (blue) and volumes freely available via PubMed Central (orange), arranged by year of
publication, for articles published between 1945 and 2013 (data accessed 17 March 2014).

Feasibility

The motivation behind the ethos that “all information should
be free” has been explicitly built into the fabric of academia for
at least 50 years [4]. Where the costs of accessing published
research are unaffordable, the drivers to subvert access
restriction seem no different to those driving recent large scale
data breaches. In a time where once secret or restricted
information is increasingly leaked in the public interest, and at
least one advocate has publicly promoted guerrilla open access
in peer-reviewed literature [1], publishers should address the
threat of a massive data breach.

Scale is no barrier to a cyber-attack. From a database of over
7600 recorded data breaches [5], 21 involved over 20 million
records each, indicating clear and recent precedents for a data
breach of this scale (Figure 2). Among the 21 largest, hackers
were responsible for 18, and most of these were in the last five
years. From these records, it is clear that large businesses are

not immune to data breaches and that large data breaches are
increasing unabated.

Once released into the public domain, articles may be difficult
or impossible to recover because there are no technical barriers
to leaking published research once it has been acquired. The
software used for cleaning documents and anonymously
disseminating them online are available [6,7]. The peer-to-peer
network structures that could be used to store, track, and provide
access to the leaked articles became mainstream with Napster
in the late 1990s [8,9]. While publishers are currently involved
in issuing take-down notices to authors and institutions that
release their own articles in contravention of licenses, this
strategy for enforcing copyright ownership could not be used
if articles were leaked anonymously online. New forms of
peer-to-peer networks also resist this form of censorship through
the privacy and security of darknet structures [10,11], and by
using distributed storage, where files are split into encrypted
chunks so that all users have access but no individual user stores
an entire file [11].
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Figure 2. Largest recorded data breaches by number of records (accessed 7 January 2014). Hacks are in blue, all other breach types in orange (eg,
stolen/lost disks)–compared to a hypothetical breach equivalent to the numbers of articles indexed by PubMed for which full-text versions require a
subscription or payment to access. The proportions associated with the 6 largest publishers (sampled from outgoing PubMed links on 7 January 2014)
make up 72% of these inaccessible articles (in red).

Publishers

The publishing industry has experimented with a variety of open
access models [12,13]. Traditional publishers have embraced
gold, green, and hybrid open access models for both new and
existing journals. In gold open access, authors typically pay to
publish at the time of publication and articles are then free to
access. This does not necessarily mean that the articles are
released without restrictions on their use, however. In green
open access, authors are permitted to upload some version of
the article to a repository, sometimes after a delay. Traditional
publishers continue to be exceedingly profitable even when the
majority of their articles are released under green open access
licenses [14], and new predatory publishers have also flourished
in an ever-expanding market [15,16].

The commercial risk of a massive data leak would be skewed
toward traditional publishers with business models involving
charging for access to published research, and journals that rely
on traffic through their websites for advertising revenue. Such
a scenario may also affect the community structure in some
disciplines by redirecting readership away from journal websites,
reducing interaction within societies [17]. In a Biblioleaks
scenario, open access publishers that receive the bulk of their
income at the point of publication and do not rely on
subscriptions or advertising revenue would therefore be at an
advantage relative to other publishers.

Authors

The license given by subscription journals to authors typically
allows them to share their published work by uploading versions
of their manuscripts to government and academic institutional
repositories, or personal webpages. Known as green open access,
around 81% of published articles fall into to this category (62%
immediately after publication, the rest after varying delays) [2].
Despite the growing requirement from public research funding

bodies that research be open access, only around 12% of green
open access articles can be found by searching repositories or
personal webpages because authors have not availed themselves
of this option [2]. What this means is that despite the ability
and obligation to do so, the rate of self-archiving by researchers
is low.

In contrast to the extraordinary expansion of the Napster music
sharing network in the late 1990s, relatively few researchers
are involved in guerrilla open access—sharing articles in
contravention of the conditions of a publisher. Two sharing
practices have recently emerged on Twitter. The first,
#icanhazpdf [18], started in 2011 and is a “pull” practice, where
those who need articles request them and wait for someone with
access to provide a copy. The second, #pdftribute [19], started
in 2013 as a “push” practice, where authors advertised an online
location for full versions of articles they wrote or held. Both
practices stabilized at a low rate of requests and uploads. From
this evidence, and given the low levels of observed
self-archiving and civil disobedience from within the academic
community, we speculate that a disruptive change is more likely
to come from a Biblioleaks scenario—a small number of
massive breaches, potentially from outside academia, rather
than en masse civil disobedience from within academic
communities.

A massive leak would appear to have few or no direct negative
consequences for individual researchers. The major impact
would be increased access to their published works. Overall,
the capacity to better link and synthesize research could also
lead to improvements in automated literature discovery [20,21],
expanding opportunities for new forms of research. With passive
roles in the Biblioleaks scenario, the interests of authors of
peer-reviewed research would be served, with no directly
associated risks.
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Clinicians and Patients

While access to published literature is problematic for
researchers inside universities, the broader community faces
formidable barriers. There is some evidence to suggest that the
public want access to published research and are hampered by
paywalls [22]. Evidence showing that open access articles are
viewed and downloaded more often without necessarily leading
to higher citation rates is a further hint that the wider community
is engaging with peer-reviewed research [23].

In the medical context, we know that health care workers are
less likely to read peer-reviewed literature than they are to ask
colleagues, use reference books, or visit websites via Google
or Wikipedia [24]. Among patients in the United States, 58%
looked online for health information and one in four encountered
a paywall [25]. The evidence suggests that clinicians and the
public try to use the Internet to find literature but are often
unable to reach what they need. With no paid institutional
access, and without the personal networks to help circumvent
access restrictions, the average member of the community is
more likely to ignore inaccessible articles and rely on sources
that are not peer-reviewed. As such, a massive leak has every
chance of creating a more informed clinical and patient
community once they become comfortable with accessing such
a repository.

At the population level, the gap between research consensus
and public understanding has major consequences for global
health, where for issues including vaccination, homoeopathy,
and climate change, there is a clear dissonance between what
peer-reviewed evidence shows and what large sections of the
public believe [26-28]. While prior beliefs feature heavily in
decision making, the first document accessed in a search plays
an important role in the potential to switch beliefs [29]. By
removing the barriers that restrict access to most peer-reviewed
literature, a massive leak could help to reduce problematic public
opinions by providing greater transparency and shifting the
weight of available information away from grey literature and
toward peer-reviewed research.

Futures

Even as open access increases, the motivations for a massive
leak will persist because the archive of inaccessible research
continues to grow. The threats are clear. Chelsea Manning and
Edward Snowden demonstrated that individuals can bring about
tectonic shifts in the ability of government to maintain secrecy
and the public attitudes toward clandestine programs, although
at great personal cost to the leakers themselves. The
entertainment industry navigated similar terrain over a decade
ago, when consumers moved from recording onto cassettes from
the radio to sharing on local and then global computer networks.
That disruption left a legacy of file-sharing networks that have
become increasingly secure and resistant to censorship. Today,

instantaneous access to music, television, and movies is taken
for granted by many, while the entertainment industry continues
to flourish by finding legitimate and low-cost ways to reach
audiences that would otherwise turn to illegal file-sharing
services.

From this view, biomedical publishing faces threats, but also
opportunities. The current forms of illegitimate sharing in
academia rely largely on personal networks or easily censored
websites. Relatively few academics have started to explore
broader forms of civil disobedience. Since open access has
become a mainstream issue, academics and the public are
beginning to expect free and immediate access to new research
as the norm and not the exception. As forms of illegitimate
sharing become more sophisticated and widespread, publishers
face a situation reminiscent of the one faced by the entertainment
industry more than a decade ago.

We think that low-level civil disobedience (or authors unaware
of which versions of their articles they are allowed to upload
to repositories) is by itself unlikely to lead to a critical mass of
illegal article sharing. Large-scale leaks are a bigger threat
because they could immediately influence the way published
research is accessed. For this reason, publishers might see value
in strengthening the systems already in place to detect and
prevent unusually large volume downloads, or atypical
systematic or ordered access to full texts.

Prescient publishers may also consider alternatives that would
minimize the motivation behind any illegal access and avoid
the costs of a technical and legal arms race that may only delay
the inevitable. Publishers may choose to deliberately release
articles on their own terms, an approach that improved the
reputation of and trust in GlaxoSmithKline when they responded
to growing demand for access to comprehensive clinical trial
data [30]. They might also consider alternative forms of low-cost
access that could greatly expand the market for peer-reviewed
research into the broader community. Examples of new forms
of low-cost access, such as time-limited rentals, are already
available [31].

From the limited evidence available in this area, it seems clear
that a Biblioleaks event is technically feasible. There is some
evidence that new forms of illegal file sharing are emerging
among researchers and the broader community, suggesting that
the current environment is similar to the nascent period of illegal
file sharing. In that time, online users increasingly encountered
the tools that provided free access to music, and fragmented
communities began to coalesce into a global sharing network.
If precipitated by targeted data breaches, a similar growth in
underground article sharing could see negative effects for some
publishers, disruptive changes to the way biomedical research
is accessed by the public, the rapid development of new low-cost
access options, and improved public engagement with medical
research.
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Abstract

Background: The consequences of alcohol dependence are severe and may range from physical disease to neuropsychological
deficits in several cognitive domains. Alcohol abuse has also been related to brain dysfunction specifically in the prefrontal cortex.
Conventional neuropsychological interventions (paper-and-pencil cognitive stimulation training) have a positive effect but are
time-consuming, costly, and not motivating for patients.

Objective: Our goal was to test the cognitive effects of a novel approach to neuropsychological intervention, using mobile
technology and serious games, on patients with alcohol dependence.

Methods: The trial design consisted of a two-arm study assessing the cognitive outcomes of neuropsychological intervention
with mobile serious games (mHealth) versus control (treatment-as-usual with no neuropsychological intervention) in patients
undergoing treatment for alcohol dependence syndrome. Sixty-eight patients were recruited from an alcohol-rehab clinic and
randomly assigned to the mHealth (n=33) or control condition (n=35). The intervention on the experimental group consisted of
a therapist-assisted cognitive stimulation therapy for 4 weeks on a 2-3 days/week basis.

Results: Fourteen patients dropped out of the study. The results of the neuropsychological assessments with the remaining 54
patients showed an overall increase (P<.05) of general cognitive abilities, mental flexibility, psychomotor processing speed, and
attentional ability in both experimental (n=26) and control groups (n=28). However, there was a more pronounced improvement
(P=.01) specifically in frontal lobe functions from baseline (mean 13.89, SE 0.58) to follow-up (mean 15.50, SE 0.46) in the
experimental group but not in the control group.

Conclusions: The overall increase in general cognitive function for both experimental and control groups supports the beneficial
role of existing alcohol treatment protocols aimed at minimizing withdrawal symptoms, but the differential improvements observed
in frontal lobe functioning supports the use of mobile serious games for neuropsychological stimulation to overcome executive
dysfunction in patients with alcohol dependence. This trial was negative on two neuropsychological/cognitive tests, and positive
on one.

Trial Registration: ClinicalTrials.gov NCT01942954; http://www.clinicaltrials.gov/ct2/show/NCT01942954 (Archived by
WebCite at http://www.webcitation.org/6OYDqHLwB).

(J Med Internet Res 2014;16(4):e102)   doi:10.2196/jmir.2923
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Introduction

Alcohol abuse is a global health problem and cause of excess
mortality and morbidity, as well as a source of personal
disruption for both abusers and their families. A representative
survey-based study of the US population found that excessive
consumption of alcohol increased risk of mortality over a
14-year period [1]. A study in Northern Germany concluded
that alcohol dependency (as assessed by the Diagnostic and

Statistical Manual of Mental Disorders, 4th edition [DSM-IV])
increased the mortality rate almost two-fold for men and more
than four-fold for women [2].

Apart from excess mortality, the negative effects of alcohol on
the brain can also be severe. Alcohol dependence syndrome has
been related to brain dysfunction specifically in the prefrontal
cortex, which is associated with cognitive functioning [3]. In
fact, the available evidence suggests that alcohol abuse produces
a decrease in specific cognitive abilities, particularly those
associated with executive functions [4]. Many studies have
found a positive correlation between the integrity of white matter
and cognitive performance in teenagers and a negative effect
of prolonged alcohol dependence on the integrity of white matter
in adults (eg, [5]). This suggests that alcohol use is related to
the reduction of the integrity of grey matter, as the integrity of
grey matter depends on functional white matter, in particular,
the superior longitudinal fasciculus. Also, several studies with
general population samples indicate that the prefrontal cortex
is particularly vulnerable to the neurotoxic effects of alcohol
[6]. A recent review of 62 papers assessing cognitive
dysfunction in alcoholics concluded that (1) several cognitive
functions become significantly compromised, and remain so,
even during abstinence, with stable effects for 1 year of
abstinence, (2) without intervention, these effects start reversing
after 1 year of abstinence, (3) they appear to support the diffuse
cerebral hypothesis, but (4) it is still unclear which cognitive
functions are more susceptible to be compromised, as well as
what the necessary timeframe is for cognitive recovery [7].
What is known is that there is a relation between the excessive
consumption of alcohol and the compromising of cognitive
functions in a variety of domains, namely, attention, working
memory, processing speed, visual-spatial capacities, impulsivity,
learning, memory, verbal fluency, decision making, and
executive functions [8-14]. One study showed that, even when
sober, binge drinking (BDs) university students performed
significantly worse on planning tasks (they took significantly
longer to plan an action) and on attention/working memory
tasks (they got fewer correct answers on the Paced Auditory
Serial Addition Task [PASAT]) than university students who
did not binge drink (non-BDs) [15]. Another study found that
BDs showed a lower capacity to retain and manipulate
information in the verbal working memory (Digit Span
Backward, Wechsler Memory Scale [WMS-III]), as well as a
greater number of persevering responses (although only on the
speed of processing test [SOPT], and not on the Wisconsin Card
Sorting Test [WCST]) than non-BDs [16], indicating a lower
capacity on executive tasks, which depend on the functional
integrity of the prefrontal cortex. Another study also found that
BD university students had worse results on perseverative and

intrusion errors and more false positives (Complutense Verbal
Learning Test [TAVEC]), as well as greater interference (Stroop
tests) and worse performance in the Digit Span (WMS-III),
Corsi Block Test, and the Series Recall Test [17].

In sum, patients with alcohol dependence are clearly an
important target population for neuropsychological rehabilitation
programs in general and cognitive rehabilitation programs in
particular. However, the literature on the effectiveness of
neuropsychological rehabilitation in alcohol addicts is still
scarce. A few years ago, a review of cognitive rehabilitation
programs with alcoholics noted that although patients’ responses
to cognitive rehabilitation techniques were generally satisfactory,
those techniques had not been used in traditional treatment
programs [18]. Subsequent studies have shown that training
and stimulating cognitive functions that have been compromised
by the effects of drugs have some positive effects. For example,
a study of 120 drug addicts in treatment found that patients
benefiting from cognitive rehabilitation remained in treatment
for significantly longer periods, and 38% of this group ended
treatment successfully, compared to only 18% of other groups
[19]. Another study with 60 drug addicts in in-residence
treatment found that patients undergoing cognitive rehabilitation
treatment became significantly more committed to the treatment,
assimilated therapeutic content better, remained in abstinence
for longer periods after ending the treatment, and had better
scores on social and family behavioral normalization, as well
as greater reduction of legal problems, than those who did not
undergo treatment [20]. In addition, a study with 40 alcoholics
found that a group subjected to cognitive rehabilitation
significantly improved their level of information processing,
visual-constructive abilities, and decision-making process
compared to a group that did not undergo cognitive rehabilitation
[21]. A recent review of all available studies on cognitive
rehabilitation (CR) related to addiction concluded that there is
a clear tendency for improvement of success rates in the
treatment of patients that are targeted by specifically cognitive
rehabilitation programs [22].

Despite the apparent added value of CR, the large majority of
programs are still based on pencil-and-paper tasks with
questionable ecological validity for functionality in daily life.
Serious games (SG), that is, games designed for other purposes
than gaming, seem to be a sound way to overcome this flaw by
simulating real life activities or by simply challenging patients’
cognitive functions through an interactive and appealing
interface. Several have already been designed and applied to
stroke and traumatic brain injury rehabilitation (eg, [23,24]).
SGs are usually platforms that encompass training environments
where repetition and visual and auditory feedback can be
systematically manipulated according to individual specificities.
And because these are games, patients are usually motivated to
execute the proposed exercises. Thus, SGs combine three
important aspects that may contribute to the effectiveness of
this approach: repetition, feedback, and motivation. Repetition
refers to an intrinsic characteristic of games, which is the
possibility of repeating over and over the same action in a
pleasing way. Feedback refers to the fact that, while carrying
out exercises, the patient’s senses are provided with feedback
on the accomplishments achieved during each task. Finally,
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motivation is probably enhanced in SG because they are usually
presented on a multimodal platform with different immersive
cues, such as images and sounds, where patients may be more
willing to engage and pursue an exercise.

The increasing development of both hardware and software has
allowed the use of mobile devices in cognitive rehabilitation
programs [23]. It is now possible to design, develop, and apply
training and treatment programs over mobile health (mHealth)
applications. Mobile device-based interventions are already
used, for example, to enhance emotional awareness [25] or to
treat emotional disorders such as depression [26] or anxiety
[27], as self-help programs to reduce cocaine consumption [28],
or to support patients with mild acquired cognitive impairments
[29]. There are also some studies on alcohol abusers that reflect
this shift of attention. For example, Hester et al developed a
Web-based application so that alcoholics could overcome their
drinking problems [30]. They found that patients using their
program significantly decreased their average number of drinks
per drinking day and alcohol-related problems, and also
increased their average number of abstinence days. The
application, however, did not produce better results than the
traditional approach.

Another study compared the outcomes of two types of
Web-based interventions on 170 problem drinkers. In one of
the interventions, Check Your Drinking (CYD) [31], screened
participants were invited to answer questions about the quantity
and frequency of their drinking and with the severity of their
drinking problems. In the other, the Alcohol Help Center (AHC)
[32], participants had to undergo several exercises based on
cognitive and behavioral principles, designed to increase
motivation levels and prevent relapse. A significant additional
reduction in drinking for participants in the AHC group was
found when compared with the CYD group [33].

However, for addiction-related cognitive impairments, research
assessing the effect of cognitive stimulation using mHealth SG
programs for the improvement of cognitive functioning is still
in its infancy. The objective of the current study was to assess
the outcome of cognitive stimulation exercises over a Web
platform developed to tackle cognitive impairments of
individuals with Alcohol Dependence Syndrome (ADS) [34].
The potential impact of using such an approach relies on the
possibility of democratizing the access and the usage of
cognitive stimulation programs throughout the health care
system (ie, both through caregivers and directly to patients),
thus also reducing the societal burden associated with the costs
of cognitive impairments and treatments.

Methods

Trial Design
The study design consisted of a two-arm randomized controlled
trial (RCT) developed to assess the neuropsychological effects
of mHealth applications in alcoholics. (The trial was registered
retrospectively because our funding agency, the Portuguese
National Science Foundation [FCT] does not require registration
for psychological tests nor does our home country have a
registration system.) Our sample size was estimated based on

a priori power analysis according to commonly accepted
standards in the field (see Statistical Procedures) and agreed to
in advance with the clinical institution where the trial took place.

The method of patient assignment was based on simple
randomization with a random number generator. The patients
were randomly assigned to experimental and control groups in
a specialized institution for treatment of alcohol dependence
(see Multimedia Appendix 1 for the CONSORT eHealth
Checklist). The trial was approved by the Ethics Committee of
the research center where the authors were affiliated at the time
(Centre for the Study of Cognitive and Learning Psychology
[CEPCA]) and adhered to the principles of the World Medical
Association’s Declaration of Helsinki.

Participants
Sixty-eight patients diagnosed with ADS according to DSM-IV
criteria were recruited from a specialized institution for
treatment of alcohol dependence, the Novo Rumo Clinic, São
João de Deus Institute in the Lisbon region, Portugal, and were
asked to participate in a study on the effects of their treatment
on cognitive abilities. In the experimental condition, they were
told that their treatment would include cognitive exercises. Due
to a dropout rate of 20.6% (14/68 patients), the final sample
consisted of 54 patients.

Inclusion Criteria
Only patients that scored higher than the cut-off values for their
age (see Outcomes) on the Mini Mental State Examination
(MMSE) [35] and with no clinical scores on the Symptoms
Checklist Revised (SCL-90-R) [36] were included in the study.

Patients continued during the entire study their regular
medication regimen consisting of anxiolytics, mostly Diazepam
and Tiapride, which help minimize withdrawal symptoms, and
vitamins. Each patient’s assistant psychiatrist guaranteed the
stability of the medication regimens throughout the program.

Exclusion Criteria
Patients with dependency on substances other than alcohol or
with a history of previous neurological disorders were excluded
from the study. Patients were also screened for minimal
computer literacy, but no patient was excluded due to this
criterion (ie, all patients demonstrated the minimum literacy
required).

Study Procedure
After initial recruitment and screening, participants were
randomly assigned to either the experimental group with
mHealth SG-based cognitive stimulation plus treatment-as-usual
(n=33) or to the control group (n=35), which received solely
treatment-as-usual. The treatment-as-usual consisted of an
alcohol-abstinence program adapted from the Minnesota Model
(see [37] for a detailed description of this program) and lasted
for an average period of 1 month.

Figure 1 illustrates the flow of participants in the experimental
group throughout the protocol. Participants failing to complete
training sessions within the assigned time-frame were considered
to have dropped out and their data were not analyzed.
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The trial took place over a period of 6 months, and no changes
to the stimulus program were made during this period. Both the
treatment and the assessments took place on location at the
clinic where participants were recruited.

Each participant underwent two complete neuropsychological
assessments, once after they had undergone screening and given
their written informed consent to treatment and assessment, and
again after at least 30 days. In the case of the treatment group,
this was done after completing the intervention.

The intervention consisted of ten 60-minute sessions of cognitive
stimulation with mobile technology using SG (2-3 sessions per
week over the usual 4-6 week period of treatment). No
institutional affiliations were presented in the eHealth media.
The executive training exercises performed by participants in
the experimental group were selected in order to develop
cognitive abilities related to executive functioning. Each session
started with a brief training period, when participants were able
to (re)acquire interaction skills with the touchscreen devices.
Participants accessed the exercises freely over the Internet, and
their responses were registered using the input from the device’s
touchscreen.

Therapists from the research and intervention team were
involved in both the recruitment and the cognitive stimulation.
These therapists were introduced to patients by in-house

therapists and asked patients to participate in the study,
explaining its benefits, duration, and demands on patients’ time
and commitment. During the assessments, other therapists
provided, explained, and collected the assessment forms. In the
cognitive simulation sessions, the first group of therapists
provided the mobile devices, launched the exercises, and
explained how they worked to participants.

The mobile cognitive stimulation program consisted of several
mobile applications developed to run on Android OS, which
were adapted from the traditional paper-and-pencil exercise
conceived for cognitive stimulation on patients with cognitive
impairments, independently of the cause, but selected for their
relevance to address the most common cognitive impairments
in addicts. Cognitive stimulation in each session comprised
attention, working memory, and logical reasoning exercises
(see Textbox 1 for a more detailed description; these exercises
(Figure 2) are available online [34]). The level of difficulty of
each task increased progressively throughout the cognitive
stimulation rationale. In the last session, the same
neuropsychological tests used in the first assessment were again
applied.

The hardware used to perform the exercises consisted of
Samsung Galaxy 10.1  tablets. The applications were developed
using Unity 2.5, and their alpha and beta versions had been
previously tested by a group of students.

Textbox 1. Cognitive stimulation program—sessions and mHealth applications. a: Perception; b: Processing speed; c: Reasoning; d: Attention; e:
Memory; f: Decision making; g: Planning; h: Spatial vision.

Session 1. Slotd/Memorye/Parking Zoneg/Under pressureh/Snowflakesb

Session 2. Slotd/Memorye/Under pressureh/Snowflakesb/Right orderc

Session 3. Slotd/Memorye/Hanoi Towerf/Snowflakesb/Right orderc

Session 4. Slotd/Memorye/Odd-evenc/Parking Zoneg/Snowflakesb

Session 5. Basketc/Odd-evenc/Hand tricksh/Bricka/Memorye

Session 6. Hanoi Towerf/Parking Zoneg/Under pressureh/Memorye/Snowflakesb

Session 7. Parking Zoneg/Under pressureh/Selective transferd/Memorye/Snowflakesb

Session 8. Selective transferd/Bricka/Hand tricksh/Memorye

Session 9. Parking Zoneg/Bricka/Hand tricksh/Memorye

Session 10. Slotd/Memorye/Parking Zoneg/Under pressureh/Snowflakesb
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Figure 1. Flow chart describing the flow of the participants in the treatment group throughout the protocol.

Figure 2. Slot machine (top-left) for attention; visual memory task (bottom-left and bottom-right with increased difficulty) for working memory; and
word-object correspondence (top-right) for logical reasoning.
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Outcomes
All neuropsychological assessments were carried out with the
pencil-and-paper forms of well-established cognitive tests.
Global cognitive abilities were assessed with the MMSE [35],
a brief screening test that has been validated for the Portuguese
population [38]. The MMSE assesses diverse aspects of
cognitive mental function, allowing an overall assessment of
cognitive performance based on 30 items grouped into 6
categories: Orientation, Retention, Attention and Calculation,
Language, and Visual-spatial abilities. The maximum score is
30 points and the current cut-off values for the Portuguese
population were estimated according to age and education,
specifically for people aged over 40 years: (1) 0-2 years of
schooling—22, (2) 3-6 years of schooling—24, and (3) more
than 7 years of schooling—27. MMSE was dictated on the basis
of education.

Frontal brain functioning was evaluated with the Frontal
Assessment Battery (FAB) [39]. The FAB assesses
conceptualization, mental flexibility, motor programming,
sensitivity to interference, inhibitory control, and environmental
autonomy. The total score of the FAB (maximum 18 points) is
estimated through the sum of each of the subtest scores. The
FAB assesses 6 domains of frontal functioning through the
ability to generate similarities (conceptualization), verbal fluency
(mental flexibility), Luria’s motor series (motor programming),
conflicting instructions (sensitivity to interference), go-no go
paradigm (inhibitory control), and prehension behavior
assessments (environmental autonomy).

Cognitive flexibility was measured with the WCST [40], which
evaluates cognitive functions in several executive domains,
namely the ability to develop and maintain appropriate strategies
for problem solving and planning, and the ability to use
environmental feedback to modify a cognitive response. The
WCST assesses cognitive abilities such as abstraction, mental
flexibility, and sustained attention. We focused on the overall
index of performance through correct responses, categories, and
perseverative errors. In the current study, we used the short
version of the test (WCST-64).

Psychomotor processing speed and attentional abilities were
estimated through the Color Trail Test (CTT) [41]. The CTT
assesses focused and divided attention, sequencing, mental
flexibility, visual search, and motor functions. The CTT consists
of an A4 sheet containing circles with numbers printed in yellow
and pink. Participants are asked to link the numbered circles in
the right order, as fast as possible, and without lifting the pen.
The CTT consists of two different forms (CTT1 and CTT2),
which differ in difficulty. Two measures of performance were
analyzed: errors and execution time.

Statistical Analysis
The variables evaluated during the neuropsychological
assessments were submitted to parametric statistical analyses.

The dependent variables were based on the neuropsychological
outcomes from the MMSE, FAB, WCST, and the CTT. Scores
reported refer to before intervention (baseline) and after
intervention (follow-up).

Sample and baseline characteristics were compared between
the experimental and control groups with Student’s t test for
independent samples for interval dependent variables and
chi-square test for categorical dependent variables.

The statistical analyses of evaluation outcomes were based on
generalized linear model procedures using type III Sum of
Squares. A full factorial model (within-between interaction)
was tested using repeated measures analysis of variance
(ANOVA). The factorial design consisted of one within-subjects
factor with 2 levels (baseline vs follow-up) and one
between-subjects factor with 2 levels (experimental vs control
group). Missing data imputation was completed using linear
interpolation method. A significance level of .05 was adopted
for all statistical procedures. Post-hoc effect sizes are eta-square
in the ANOVA procedure, and within-between interactions were
tested using simple effects.

Inferential statistics were carried out using IBM SPSS v.20. A
priori power analysis was estimated with G*Power v.3.1 with
Cohen’s f effect size for F tests [42].

Sample Size
The expected effect size for calculating the required sample size
was 0.35 (medium effect) based on a power of 0.80 for a
significance level of .05. According to these criteria, a total
sample size of 68 patients would be required for this trial. This
was the initial size of the sample recruited for this study.

Results

Sample Characteristics
Due to a dropout rate of 20.6% (14/68 patients), the final sample
consisted of 54 patients diagnosed with alcohol dependence
syndrome: 45 males and 9 females, mean age 45.37 years (SD
10.12) with an average of 10 years of formal education (SD
4.62). Of these, 26 patients had been assigned to the mobile
health cognitive stimulation condition: 19 males and 7 females,
mean age 45.50 years (SD 10.18) with an average of 10 years
of education (SD 4.39). Twenty-eight patients were assigned
to the control condition consisting of treatment-as-usual: 26
males and 2 females, mean age 45.25 years (SD 10.26) with an
average of 10 years of formal education (SD 4.95). No
statistically significant differences at the conventional P<.05
level were observed between groups for the demographic
characteristics of gender (Table 1), age, and education (Table
2).
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Table 1. Baseline demographics for categorical data.

P valueχ2
Treatment-as-usual,

n (%)

mHealth,

n (%)Characteristics

.0513.798Gender

26 (48.1)19 (35.2)Male

2 (3.7)7 (13.0)Female

Table 2. Baseline demographics for interval data.

P valuetTreatment-as-usual,

mean (SD)

mHealth,

mean (SD)

Characteristics

.9290.09045.25 (10.26)45.50 (10.18)Age, yrs

.958–0.05210.25 (4.95)10.18 (4.93)Education, yrs

Baseline Characteristics
The statistical analyses for the neuropsychological data at
baseline were focused on comparisons between groups for the
overall score of the MMSE and the FAB, the correct responses,

categories and perseverative errors in the WCST, and the mean
errors and execution times in the CTT. The results revealed no
statistically significant differences between the experimental
and control group for neuropsychological outcomes at baseline
(all Ps>.41) (Table 3).

Table 3. Baseline characteristics for both mHealth and control.

P valuetTreatment-as-usual,

mean (SD)

mHealth,

mean (SD)

Characteristics

MMSE

.9220.09826.38 (2.67)26.46 (2.97)Total score

FAB

.750–0.32014.14 (3.05)13.89 (2.86)Total score

WCST

.9460.06852.48 (17.01)52.85 (20.05)Correct responses

.6300.48550.00 (35.27)54.86 (35.60)Categories

.848–0.19325.57 (13.56)24.78 (15.30)Perseverative errors

CTT1

.409–0.1460.26 (0.08)0.23 (0.58)Errors

.885–0.832114.02 (162.60)86.65 (42.45)Execution time (seconds)

CTT2

.894–0.1340.85 (1.29)0.81 (1.09)Errors

.8780.154169.71 (93.44)173.42 (82.06)Execution time (seconds)

Evaluation Outcomes
Global cognitive function was estimated at baseline and
follow-up assessment with the MMSE. The ANOVA on the
overall score of the MMSE revealed a main effect of assessment
(F1,52=20.68, eta-square=0.41, P<.001), indicating an
improvement of cognitive ability from baseline (mean 26.42,
SE 0.38) to follow-up (mean 27.70, SE 0.26). No statistically
significant main effect of group or interaction effect between
factors (Fs<1) was found (Figure 3).

Frontal lobe functions were also evaluated under the same
factorial design. The data from the FAB showed a significant
interaction effect between factors (F1,52=8.00, eta-square=0.16,

P=.01). Simple effects analysis was performed to test differences
between assessments on each group (experimental and control).
These data indicated a significant increase in the FAB score
from baseline (mean 13.89, SE 0.58) to follow-up (mean 15.50,
SE 0.46) only in the experimental group, but not in the control
group (mean 14.14, SE 0.56) and (mean 14.14, SE 0.45),
respectively for baseline and follow-up (Figure 4).

Cognitive flexibility was measured on three different dimensions
of the WCST: the correct responses, the number of categories,
and the number of perseverative errors during the task. The
ANOVA showed a main effect of assessment on the number of
correct responses (F1,52=15.10, eta-square=0.29, P<.001) and
on the number of completed categories (F1,52=4.94,
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eta-square=0.09, P=.03), indicating an improvement in
performance of the WCST from baseline to follow-up
assessment, but there was no interaction effect with the treatment
factor (F<1). No significant effects (F<1) were reported for
perseverative errors (Figure 5).

Speed of processing and attentional functioning were assessed
respectively with execution time and error rate of the two forms
of the CTT. We found a main effect of assessment for both error
rate and execution time in the CTT1 and in the CTT2. A

significant decrease in error rate (F1,52=5.20, eta-square=0.10,
P=.03) and execution time (F1,52=4.26, eta-square=0.08, P=.04)
was found in the CTT1 (Figure 6). The same pattern, but with
a stronger effect, was found for the results of the CTT2, with a
decrease in error rate (F1,52=13.23, eta-square=0.25; P<.001)
as well as execution time (F1,52=14.41, eta-square=0.28, P<.001)
(Figure 7). In both the CTT1 and the CTT2, there was no
significant interaction (F<1) with the treatment factor.

Figure 3. MMSE total scores for the experimental and control conditions at baseline and follow-up.

Figure 4. FAB total scores for the experimental and control conditions at baseline and follow-up.

Figure 5. WCST correct responses (left) perseverative errors (middle) and completed categories (right) for the experimental and control conditions at
baseline and follow-up.
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Figure 6. CTT1 execution time in seconds (left) and mean errors (right) for the experimental and control conditions at baseline and follow-up.

Figure 7. CTT2 execution time in seconds (left) and mean errors (right) for the experimental and control conditions at baseline and follow-up.

Discussion

Principal Findings
The current experiment was designed to study the effectiveness
of a cognitive stimulation program in alcohol abusers’executive
functioning with mobile SG applications. According to previous
studies, alcohol dependence may impair information processing
in the prefrontal areas, such as the dorsolateral prefrontal cortex
and the anterior cingulate cortex, which are thought to be related
to executive functioning in cognitive domains ranging from
attention and working memory to higher-order functions of
reasoning and decision making. In this study, our aim was to
evaluate the effect of cognitive stimulation with mobile
technology and serious games on the general cognitive ability
of patients diagnosed with ADS.

To do this, we carried out an RCT on patients undergoing an
alcohol rehabilitation treatment at a specialized institution for
treatment of alcohol dependence. The overall MMSE scores at
baseline suggest deficits in general cognitive ability of ADS
patients, which concurs with previous studies highlighting the
relationship between the alcohol abuse and cognitive
impairments [4]. There were no differences at baseline between
control and treatment groups, which indicates a successful
random distribution of patients.

Our results indicate a general improvement of cognitive abilities
in both patient groups, which reflects an effect of the withdrawal
of the direct impact of alcohol on the brain. In support of the

specific effectiveness of the cognitive stimulation, this effect
was qualified with an interaction with the treatment factor in
the FAB test, indicating a more pronounced increase of frontal
cognitive abilities in patients subjected to mHealth SG approach,
with improvements in frontal lobe function and executive
functioning. However, there were no significant effects of the
treatment on the MMSE and WCST, which measure more
specific, not general, domains of frontal lobe functioning. These
results are in agreement with those of other cognitive
rehabilitation trials with addict populations, suggesting that the
positive effects of neuropsychological rehabilitation in addicted
populations are restricted to cognitive abilities related to frontal
lobes [21].

The explanation for this is that both traditional exercises and
SG applications focused mainly on cognitive abilities related
to frontal lobe functioning, such as attention, working memory,
decision making, and planning. The systematic and repeated
stimulation of these functions may have had a more pronounced
effect on those domains, but not on the others. Our results
suggest that the neuropsychological benefits of our mHealth
SG cognitive stimulation program in alcoholics may be limited
to frontal lobe general functioning and that may arise from the
response demands of the game tasks. That is, the processes
required to meet the games’ tasks are most closely related to
the processes that are captured by the FAB.

In addition, the overall feedback from the participants was
positive. Qualitative comments were mainly related to the
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technological and innovative features of this approach and
intrinsic aspects such as a positive motivation to pursue a goal
in the tasks.

Limitations
This study was not designed to test the relative effectiveness of
mobile intervention with online stimulation and serious games
against traditional pencil-and-paper cognitive stimulation
exercises. It was simply to test if this mHealth solution could
add effectiveness in cognitive rehabilitation to
treatment-as-usual procedures. Further studies testing the relative
effectiveness of SG vs traditional approaches are needed. Due
to the characteristics of SG and of the clinical context, it would
not have been possible to conduct a double blind study.
However, the therapists conducting the assessment were not

aware of which group (experimental vs control) the patients
were enrolled in.

Conclusions
The increase in general cognitive function for both experimental
and controls supports the beneficial role of existing alcohol
treatment protocols, which are based on medication to help
minimize withdrawal symptoms along with behavioral therapy
mainly to help patients manage their stress levels during
abstinence, and indicates that the neuropsychological effects of
alcohol abuse on brain structure are reversible through
rehabilitation. The effect of the trial is encouraging, suggesting
an improvement specifically in frontal cognitive general
functioning in alcoholics following an mHealth approach with
SG in line with previous studies using cognitive stimulation
with addicts in rehab.
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Abstract

Background: Research has shown that nursing students find it difficult to translate and apply their theoretical knowledge in a
clinical context. Virtual patients (VPs) have been proposed as a learning activity that can support nursing students in their learning
of scientific knowledge and help them integrate theory and practice. Although VPs are increasingly used in health care education,
they still lack a systematic consistency that would allow their reuse outside of their original context. There is therefore a need to
develop a model for the development and implementation of VPs in nursing education.

Objective: The aim of this study was to develop and evaluate a virtual patient model optimized to the learning and assessment
needs in nursing education.

Methods: The process of modeling started by reviewing theoretical frameworks reported in the literature and used by practitioners
when designing learning and assessment activities. The Outcome-Present State Test (OPT) model was chosen as the theoretical
framework. The model was then, in an iterative manner, developed and optimized to the affordances of virtual patients. Content
validation was performed with faculty both in terms of the relevance of the chosen theories but also its applicability in nursing
education. The virtual patient nursing model was then instantiated in two VPs. The students’ perceived usefulness of the VPs
was investigated using a questionnaire. The result was analyzed using descriptive statistics.

Results: A virtual patient Nursing Design Model (vpNDM) composed of three layers was developed. Layer 1 contains the
patient story and ways of interacting with the data, Layer 2 includes aspects of the iterative process of clinical reasoning, and
finally Layer 3 includes measurable outcomes. A virtual patient Nursing Activity Model (vpNAM) was also developed as a guide
when creating VP-centric learning activities. The students perceived the global linear VPs as a relevant learning activity for the
integration of theory and practice.

Conclusions: Virtual patients that are adapted to the nursing paradigm can support nursing students’ development of clinical
reasoning skills. The proposed virtual patient nursing design and activity models will allow the systematic development of different
types of virtual patients from a common model and thereby create opportunities for sharing pedagogical designs across technical
solutions.

(J Med Internet Res 2014;16(4):e105)   doi:10.2196/jmir.2556
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Introduction

Background
One of the main goals in health care education is to supply
society with knowledgeable, up-to-date, and skilled
professionals [1]. The societal and health care expectations in
providing adequate learning experiences can be overwhelming
for both learners and educators [2], and the health care
environment is dynamic and continuously changing with fewer
patients in hospitals staying shorter periods and with specialized
health care needs. There are also technological advances,
financial challenges, and numerous regulations [3]. The teaching
and learning of professional skills must be conducted without
waiving patient safety. Therefore, this continuously changing
health care environment requires new models for training health
care professionals [4]. One challenge is how to teach students
to apply their knowledge when they are dealing with clinical
problems [5]. Technology-enhanced simulation is one possible
solution [4]. Different types of simulation modalities as a
teaching method in health care education have developed rapidly
during the last decade [6,7]. Simulation offers a safe and realistic
environment in which to learn, practice, and make mistakes
without direct contact with and risk of harm to patients [8]. A
type of computer-based simulation called virtual patients (VPs)
has been proposed to support nursing students in their
acquisition of scientific knowledge as a way to integrate theory
and practice and promote clinical reasoning.

Challenges in Nursing Education
Nursing as a profession is at a turning point. Nurses’ work has
evolved as a result of a profound change in health care
environments, science and technology, and the settings and
nature of nursing practice. These changes have important
implications for nursing education [3].

Nursing education varies in different parts of the world [9]. The
variation lies in the organization, content, and quality of
education [10]. In Sweden, the nursing study program covers
a total of 180 credits and is conducted at a university level
leading to a Bachelor of Science degree in Nursing. After
graduation, nursing students become registered nurses (RNs)
and obtain a license to work. The goal for nursing education is
to support students in acquiring the knowledge and competencies
required to provide a good quality of care. The newly graduated
nurse should be prepared to practice safely, accurately, and
compassionately in various settings. To be able to conduct safe
and effective care, the newly graduated nurse must be proficient
both in practical knowledge and science and also in a wide range
of skills such as clinical reasoning [3]. The development of
clinical performance and competencies among nursing students
continues to challenge nurse educators, specifically when trying
to link nursing theory and evidence-based clinical practice for
the student [2,3].

A first step for students toward achieving competencies is to
acquire theoretical scientific knowledge and then use this
theoretical knowledge in patient-related practice. However,
research has shown that nursing students find it difficult to
translate and apply their theoretical knowledge in a clinical
context [3]. Therefore, a challenge in nursing education is to

find ways of preparing nursing students to manage, interpret
data, evaluate nursing activities and interventions, and to
translate theoretical knowledge to the clinical context. Nurses
must think and reason across diverse contexts, which requires
the development of strong clinical reasoning skills [11]. Nursing
care also integrates knowledge from other disciplines such as
medicine and behavioral science [3]. The students usually
develop and integrate various aspects of knowledge during their
encounters with patients while they observe, understand, and
argue for their choices. Theory and reflection form the basis for
nursing knowledge that is the prerequisite for good management
of the patient [11]. Additionally, critical thinking is an essential
skill that requires both cognitive and metacognitive capabilities
[12].

Many courses in nursing have learning outcomes that include
clinical decision making, clinical reasoning, and critical thinking
[13]. However, the literature reports limited skills in clinical
reasoning among nursing students. Therefore, nursing students
must learn how to apply theoretical knowledge acquired in
classrooms to the clinical context. Nursing educators have to
develop teaching and learning approaches that enable students
to acquire knowledge and skills and to then apply theoretical
knowledge in the clinical context.

Clinical Reasoning in Nursing
Clinical reasoning (CR) is not unique to nursing—all
professionals use CR to reach decisions [14]. CR is a complex
task [15], and in this study, we have adopted Higgs’ definition:

Clinical reasoning (or practice decision making) is
a context-dependent way of thinking and decision
making in professional practice to guide practice
actions. It involves the construction of narratives to
make sense of the multiple factors and interests
pertaining to the current reasoning task. It occurs
within a set of problem spaces informed by the
practitioner´s unique frames of reference, workplace
context and practice model, as well as by the patient’s
or clients’ contexts. It utilizes core dimensions of
practice knowledge, reasoning and metacognition
and draws on these capacities in others. Decision
making within clinical reasoning occurs at micro,
macro and meta-levels and may be individually or
collaboratively conducted. It involves metaskills of
critical conversations, knowledge generation, practice
model authenticity and reflexivity. [16]

CR is a logical process where nurses and other health
professionals collect cues, process information, and come to an
understanding about patients’ situations or problems, plan and
implement interventions, and evaluate outcomes [17]. CR
represents the essence of nursing practice [12]. There are several
different types of clinical reasoning, including problem-effect,
which means identifying the problem, seeing the factors
influencing the problem, and finding solutions to the problem
[15]. This approach helps nurses identify nursing problems and
prescribe and implement nursing actions [18].

In terms of CR, a nurse’s focus is the process of care and the
well-being of the patient. A nurse evaluates both subjective
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factors (like descriptions of symptoms) and objective factors
(like lab data). The nurse should try to see possible patterns and
decide on, plan, and perform patient care, as well as
continuously assess care interventions and status of the patient.
A competent nurse that provides safe patient care possesses
skills in caring sciences and knowledge in both medical and
behavioral sciences [19].

CR is widely acknowledged as a fundamental part of health
professionals’ education, but there is still a need for the
development of innovative teaching and learning methods that
enhance CR skills among nursing students [3,18,20]. Virtual
patients (VPs) have been proposed as a learning activity that
can support students to integrate theory and practice in their
development of clinical reasoning skills [21,22].

Virtual Patients
VPs can take many different forms [23] and can be realized
using a wide range of presentations, styles, and configurations
[24]. There are also several definitions for the concept of the
virtual patient [21], and the term VP is often used in an
ambiguous manner [25]. In this study, we adopted Ellaway’s
definition: “An interactive computer simulation of real-life
clinical scenarios for the purpose of health care and medical
training, education or assessment” [26].

VPs can be designed in different ways and are often dependent
on the technical affordances of the system used to author them
[25]. Most VPs have common features including medical history
taking, physical examinations, lab/imaging tests, as well as
features for suggesting an appropriate diagnosis and treatment
[21]. An essential characteristic of VPs is the interactive
interface that enables the user to query the patient and receive
a patient response supplied by the computer [21,22,27].

A particular strength of VPs is that they seem to support learning
on clinical reasoning and decision making. Students may be
exposed to a large number of VP cases in a safe and controlled
environment [21,24]. Clinical learning experience is difficult
to standardize and schedule in a reproducible manner. However,
VPs can provide exactly the same experience repeatedly and
also allow students to revisit their actions during the interaction
with the virtual patient, and then compare them with the best
practice protocol. VPs also facilitate a venue for safe and
repetitive practice and stand as a model where progressive
clinical variation and difficulty can be presented [28]. Studies
also show that VPs are a cost-effective way to teach and assess
clinical skills and clinical reasoning among medical students
[29].

Other studies indicate that participation in education using VPs
may bridge the gap between experimental learning (learning by
doing) and information representation (lectures) and
consequently achieve a variety of learning outcomes [22,27].
Studies have also shown that VPs can enhance training of
essential nursing skills and knowledge [30]. Although the
research surrounding best practice of VPs is in its infancy [21],
there are some studies that suggest that new learning
technologies such as VPs and virtual reality may be useful to
support nursing education. A challenge with most of the reported
studies is their focus on the medical curricula [31,32]. There is

a therefore an urgent need to investigate how to model VPs for
nursing education.

Unfortunately, research on these learning technologies has not
kept pace with the rapid technological development [27] and
often lacks a theoretical foundation. The lack of empirical base
in research lies at three levels: (1) the VPs reported in the
literature have been created without an explicit and consistent
underlying theoretical model, making it difficult for researchers
and practitioners to build on the findings, (2) while a learning
activity encompasses more than the VPs, we could not find that
aspect systematically presented, and (3) there are different types
of VPs and therefore a need to clearly understand the strengths
and weaknesses of each type.

Objective of the Study
The aim of this study was to (1) develop a theory-anchored
model for developing virtual patients in nursing education, (2)
investigate how VPs could be instantiated as a learning activity,
and finally (3) explore the students’ perceived usefulness of
virtual patients created from the developed model. To reach this
aim, three research questions were asked:

1. What aspects of clinical reasoning should be present in a
virtual patient nursing model?

2. How should the virtual patient nursing model be represented
as a learning activity?

3. How do the nursing students perceive the usefulness of
virtual patients as an artefact of the developed models?

Methods

Modeling of the Aspects in a Virtual Patient
The process of modeling started by a review of existing
theoretical frameworks reported in the literature and in actual
use when designing learning and assessment activities in nursing

education. The 3rdgeneration nursing process model, the
Outcome-Present State Test (OPT) model [11,33], was chosen
because it is widely used internationally and was relevant for
the focus of the study. This theoretical framework is outcome
driven and builds on earlier versions of the nursing process.
The OPT model provides structure for the iterative clinical
reasoning necessary for contemporary nursing practice. The
OPT model emphasizes reflection, outcome specification, and
tests for judgment within the context of the individual patient
story. It provides a way for nursing students to frame and
attribute meaning to patient stories while concurrently
considering relationships among diagnoses intervention and
outcomes, with attention to evidence-based nursing and the
decision-making process [34]. Essential processes contained
within the OPT model are reflection, framing, cue logic, testing,
decision making, and judgment [33]. An essential part of the
OPT model is the emphasis on framing a situation based on the
story of a client. The OPT model uses the facts associated with
the client’s story to frame the context, content, and major issues
for clinical reasoning. The patient stories are a key element of
clinical reasoning [11,33].

The virtual patient nursing model was then, in an iterative
manner, developed and optimized. Validation of the model was
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performed with faculty both in terms of relevance of chosen
theories but also applicability of aspects represented in the model
for the nursing education context.

Representation of the Virtual Patient Model as a
Learning Activity
Curriculum integration plays a key role in the implementation
of new learning technologies [21]. In order to translate the
virtual patient Nursing Design Model (vpNDM) to a learning
activity, we chose the context of a second year undergraduate
nursing course at a university in Sweden. The course content
includes topics from nursing and medicine, and theory with
practice. A large part of the course is based in a clinical setting.

Subject matter experts and educational researchers reviewed
which intended learning outcomes in the course plan were
suitable to be addressed using virtual patients. The faculty group
then defined learning goals for the learning activity based on
both the chosen intended learning outcomes and the developed
vpNDM. The goal for the student while working with the VP
cases was based on the nursing process, training nursing
documentation, and nursing diagnosis. Students must increase
knowledge of how to frame a patient story, identify and analyze
it, and then document and evaluate it. In other words, they are
trained to develop a nursing care plan based on the
individual patient’s specific needs. An additional aim was to
describe nursing interventions related to the nursing needs of
the patient and to practice using measurement instruments for
the assessment.

Based on the defined goal and requirements, a multidisciplinary
team of subject matter experts, nurse educators, educational
researchers, and clinical active nurses created two VP
cases. Both cases were a loose amalgamation of actual cases
experienced by the clinical team members.

Authoring of the Virtual Patients

Method
We used the Virtual Interactive Case system (VIC) as a
prototyping tool to create the VPs. VIC is a Web-based
application using Adobe Flash. The VPs were accessible to the
students through the university’s online course management
system. The navigation was global linear, which means that
there was a linear process but the user could freely navigate
between the different sections of the VP [25]. The answers given
by the VP were a combination of text and multimedia (images,
sounds) [35].

A common model of interaction in VPs is the presence of long
menus of questions, formulated by the author of the patient case.
Students choose from a wide range of questions about different
issues, and part of the task is to be able to select relevant
questions. Figure 1 shows how students can navigate and decide
on different options (1) containing the patient’s past history,
the patient’s perception of the current situation, physical
examination, medical investigation, scales and measuring
instruments, and patient journal records. (2) Within each option,
the student can then select among a number of questions or
inquiries. (3) The answer is then presented as text, image, movie,
or sound file.

In this study, we created two VPs. The first case was a woman
in her 40s who was admitted to a ward with a 6-month history
of pain related to joint inflammation (rheumatoid arthritis). She
had several different nursing diagnoses related to chronic pain
and readiness for enhanced comfort, impaired physical mobility,
insomnia, and risk for impaired skin integrity. The second VP
was an older man with type 2 diabetes mellitus. He was admitted
to the ward with heart failure, hyperglycemia, and an acute
diabetic foot. The nursing diagnosis in this VP case was related
to excess fluid volume, impaired gas exchange, risk for unstable
blood glucose level, ineffective self-health management,
deficient knowledge, and impaired skin integrity.

Figure 1. Screenshot of the system (VIC) used to author virtual patients.
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Participants
The participants (N=102) were undergraduate nursing students
whose age ranged between 20-53 years (mean age 23 years).
The gender distribution was 12.5% male and 87.5% female.
The VPs were integrated in the regular course as mandatory
self-study learning.

The participants were free to take part in the study, and their
anonymity and confidentiality were respected. The local ethical
board approved the study.

Questionnaire
An online self-administered questionnaire developed by the
eViP (electronic virtual patients) project team [36] was adjusted
to fit nursing education. The questionnaire evaluated the
students’ experiences of learning while working with virtual
patients, focusing on the development of clinical reasoning
skills. The questionnaire contains 17 items clustered into five
subsets. The subset covered areas such as authenticity of patient
encounter and the consultation, professional approach in the
consultation, coaching during consultation, learning effect of
consultation, and overall judgment of case workup. Responses
were on a 5-point Likert scale (strongly disagree to strongly
agree) as well as additional free text open-ended questions

[36,37]. The participants answered the questionnaire after
completing the two VPs. Completion of the survey was a
voluntary part of the study.

Analysis
Descriptive statistics were performed and percentages reported.
Cronbach alpha was calculated to provide an overall reliability
coefficient for the set of questions included in the study.
Item-total statistic was examined to check if any item was
inconsistent with the others and could thus be discarded.
Item-item correlation matrix was observed to examine the
correlation between the items. “Strongly agree” and “agree”
were combined to create a positive response.

Results

The Virtual Patient Nursing Design Model

Overview
The model we produced (Figure 2) is based on and grounded

in the 3rdgeneration nursing process, using the OPT model
[11,33]. This model describes the elements that should be part
of a VP meant for nursing education. The vpNDM model is
composed of three main layers.
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Figure 2. The three layers in the virtual patient nursing design model.

Layer 1: Patient-Centric Data Collection
The first layer includes different methods for collecting data on
the patient. By capturing the patient story, the nurse obtains the
necessary data to support the identification of nursing care
needs. An essential part of nursing involves listening and
understanding the meaning in a patient encounter. To capture
the patient-centered narrative, the learner is given the
opportunity to collect both subjective and objective data from
the VP.

In order to capture the patient story, nurses seek information
from various sources, for example by conversations or
interviews with the patient or their relatives, physical
examinations, other health care professionals’ evaluations, and

patient records. By interviewing the patient, the nurse obtains
a history of the patient’s past and present health. The past health
history describes the patient’s previous health status and living
conditions while the nursing status describes the current status
and factors affecting the current nursing care.

In order to increase authenticity while students interact with the
VP, the patient’s answers are provided in informal “spoken”
language—breaks and emotional expressions are included as
part of the answer. As in real life, the patient does not always
directly answer the question asked. The question might be
misunderstood or the patient chooses not to answer the question
at all.
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Physical examination provides important information for nurses
to understand the patient’s situation. Physical examination is
an assessment of the physical and mental status of the patient.
In the box “Observation”, the student can gather data
(assessment) by observation and inspection of the patient. It is
also possible for learners to have access to clinical investigations
conducted by other professionals, such as laboratory data and
radiology reports. In these VP cases, the result was presented
through text and images. The model does allow the use of other
types of media such as video clips, but this option was not used
in our study.

The box “Measurement scales” includes different assessment
instruments used in nursing to systematically collect information
to support judgments and decisions. Commonly used measuring
scales are the Downton Fall Risk index and the Minimal
Nutritional Assessment (MNA) scales.

Collecting data from the patient is not solely the nurse’s
responsibility. Different health professionals contribute with
information to the patient’s medical records. Different care
providers then use information collected and reported by
different health professionals. For example, both the nurse and
the physician perform physical examination and patient history
taking, but they use different formats and analyze the data
differently because of each profession’s patient care focus.
Therefore the medical records from different health professions
include valuable information that can help the nurse to
understand the patient’s story and determine the strengths of
the patient or assess the responses the patient exhibits or could
potentially exhibit, as a result of a health problem.

Layer 2: Iterative Clinical Reasoning
After obtaining the patient-centered narrative, the learner starts
to frame or derive the meaning and significant issues and
identify the patient’s nursing care needs by identifying the
present state and the desired outcome state. The interplay
between the description of the present state and how to attain
the outcome state will drive the reasoning. One approach is
juxtaposing where specific outcome state criteria are compared
with present state data. A test is then created to evaluate the gap

between the two states. Through a process of cue logic,
juxtaposing, and judgment, the students choose the appropriate
interventions that will bring present state and the desired
outcome state closer to each other.

At this stage, the students’ strategies are important. In VPs, this
process is supported by didactic questions that simulate
reflection and make thinking skills visible.

Layer 3: Measurable Outcomes
The VP model allows assessment of how the student collects
and analyzes data in order to identify and frame nursing care
needs and the student’s ability to document their reasoning
process. The patient’s care management can also be exposed in
terms of the student’s ability to plan for accurate intervention
and accurate prioritizing of nursing actions. The model also
allows assessment of knowledge levels and the student’s ability
to reflect on some specific aspects.

The Virtual Patient Nursing Activity Model
In order to be useful, the model needs to be contextualized in
an educational setting with specific intended learning and/or
assessment outcomes. The virtual patient Nursing Activity
Model (vpNAM) contains both aspects that are necessary for a
learning activity (see the light blue boxes in Figure 3) and is
based on the intended learning outcomes specific instructional
strategies. To illustrate the vpNAM, we applied it to the third
semester of the undergraduate nursing education program at
Karolinska Institutet. The goals of the learning activity in that
semester were to define the patients’ nursing problems, create
a nursing plan, train on documentation, and practice how to
prescribe evidence-based nursing intervention.

When the vpNAM is applied to the VP, it means that the student
is first introduced to the patient and the aims of the learning
activity. The student is then expected to collect relevant data to
frame an understanding of the patient’s needs and also capture
the patient’s story. After completing the encounter with the VP,
the student is given formative feedback that the case author
formulated in advance. The student uses the feedback to reflect
and to identify further knowledge and learning needs.
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Figure 3. The different aspects in the virtual patient nursing activity model.

Students’ Perceptions of the Virtual Patient Learning
Activity
We investigated how the VPs, based on the developed models,
were perceived by nursing students. After completing two VPs,
the participants answered an adapted version of the eViP
questionnaire [36] adjusted to fit nursing education. All the
students in the course (N=102) were invited to participate in
the study. We then excluded those that either did not complete
the cases within a given timeframe (first case in 3 weeks and

second case in 2 weeks) or chose not to participate in the study.
Figure 4 summarizes the process of recruitment of participants.

The questionnaire is a 14-item self-reported evaluation that
explores five domains: authenticity, professionalism, learning,
coaching, and overall judgment. The Cronbach alpha is .88
(greater than .7), which indicates a high level of internal
consistency of scale with this specific sample. The construct
has a good reliability. Table 1 shows the proportion of students
that answered “agree” and “strongly agree” to the statements.
Perceived usefulness is presented in a relative manner in order
to highlight strengths and weaknesses of the type of VP created.
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Table 1. Descriptive statistics and analysis of students’ perceived usefulness (full sample N=50).

AgreeQuestions

Perceived use-

fulnessa%n

Authenticity of patient encounter and the consultation

+4322Q1.While working on this case, I felt I had to make the same decisions a nurse would make in real life.

+4724Q2. While working on this case, I felt I were the nursing student caring for this patient.

Professional approach in the consultation

+++8041Q3. While working through this case, I was actively engaged in gathering the information (eg, history
questions, physical exams, lab tests) I needed, to characterize the patient’s nursing problem.

++6332Q4. While working through this case, I was actively engaged in revising my initial image of the patient’s
problem as new information became available.

+5126Q5. While working through this case, I was actively engaged in creating a short summary of the patient’s
problem using nursing terms.

++6131Q6. While working through this case, I was actively engaged in thinking about which findings supported
or refuted each nursing diagnosis.

Coaching during consultation

++6131Q7. I felt that the case was at the appropriate level of difficulty for my level of training.

+4724Q8. The questions I was asked while working through this case were helpful in enhancing my diagnostic
reasoning in this case

+5327Q9. The feedback I received was helpful in enhancing my diagnostic reasoning in this case.

+4925Q10. The feedback I received was helpful to improve my ability to identify nursing problems and nursing
diagnoses

+4523Q11. The feedback I received helped me improve my ability to prescribe nursing intervention.

Learning effect of consultation

++6029Q12. After completing this case, I feel better prepared to confirm a nursing diagnosis and exclude differential
diagnoses in a real life patient with this complaint.

+4523Q13. After completing this case, I feel better prepared to care for a real life patient with this complaint.

Overall judgment of the case workup

+++7438Q14. Overall, working through this case was a worthwhile learning experience.

aThe level of perceived usefulness is indicated as medium (+), high (++), and very high (+++).

Figure 4. Flowchart showing the recruitment process of the participants.
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Discussion

Principal Findings

A Design Blueprint for Virtual Patients in Nursing
Education
The aim of this study was (1) to develop a theory-anchored
model for creating virtual patients in nursing education, (2) to
investigate how VPs could be instantiated as a learning activity,
and finally (3) to explore undergraduate nursing students’
perceived usefulness of two virtual patients.

We chose a theory-anchored design blueprint (Figure 2) that
provides a structure for the authoring of virtual patients. The
virtual patient Design Nursing Model (vpDNM) builds on the

3rdgeneration nursing process and is composed of three main
layers. Layer 1 focuses on patient-centric data collection, Layer
2 is about iterative clinical reasoning, and Layer 3 covers
measurable outcomes. The nursing process has provided
structure and thinking in nursing education since the 1950s, and
nurses recognize themselves in this way of thinking and
working. However, the nursing process has evolved over time.
While the first generation focused on problems and processes,
the second generation emphasized diagnosis and reasoning.
Finally, the third generation highlighted reflection, outcome
specification, and testing given a patient’s story [11]. The
developed design model reflects the nursing process
(observation, assessment, nursing diagnosis, nursing
prescription, planning, implementation, and evaluation) because
it is recognized as a guideline for nurses in their clinical practice.
However, the OPT model differs from the traditional nursing
process by highlighting clinical reasoning. It is built on a
foundation of reflective judgment. It honors the holistic nature
of nursing and approaches patients’ situations in terms of
outcomes. It identifies the thinking skills and thinking strategies
involved in clinical decisions and judgment.

A further advantage is that this model can be used with several
taxonomies used in nursing that can provide the content for
clinical reasoning [11]. Choosing a different theoretical basis
would probably have had an impact on the vpDNM by
highlighting other aspects. We acknowledge that a model could
hide the complexity of people’s health care needs that require
the collective competence, skills, knowledge, and actions of
different professions. Health care professionals share
competencies, knowledge, and skills, but they also make unique
contributions to the patient’s care [38]. As different professions
contribute with different knowledge and skills to the health care
environments, the different educational program has to focus
on different learning goals. This is why this model is needed
for nursing education, but also all contextualized models should
be revisited when addressing other health care professions.

In the proposed design model, the nursing process has most
influence on Layers 1 and 2. In Layer 1, it influences the way
patient data are collected and what type of clinical data was
made available. The purpose of data collection is to capture the
patient-centered narrative. The learner is given the opportunity
to collect both subjective and objective data from the VP. The
third generation nursing process also had a substantial effect

on Layer 2. In Layer 2, the emphasis is on reflection, outcome
specification, and testing given a patient’s narrative.

The vpDNM is intended to work as guideline for teachers when
they create VPs. The model will also allow the systematic
development of different types of virtual patients from a
common model and thereby create opportunities for sharing
pedagogical designs across technical solutions. Finally, the
model might help provide a basis for research that builds on
shared empirical findings and best practices.

Virtual Patients in a Learning Activity
An activity model was built using the vpDNM combined with
a nursing educational context, specifically, the third semester
in an undergraduate nursing program. The intended learning
outcomes informed the modeling process (Figure 3). The
vpNAM we developed reinforces the increased understanding
that VPs are note merely an object/tool but rather a learning
activity. The proposed learning activity takes into account the
core drivers of learning in medical simulation, which are
scenario-based learning, task deliverables, trigger events, data
collection guidance/instruction, feedback, and reflection [39].
The findings indicate that a learning activity using VPs is similar
to other types of simulation-based learning opportunities that
offer the potential to investigate constructive alignments between
different types of simulation modalities for both learning and
assessment. It also creates an incentive to further investigate
the value of VP affordances in relation to the learning objectives
and competencies.

Computer-based education and simulation have been proposed
as an instructional method to develop nursing students’ ability
to translate and apply theoretical knowledge in a clinical context
[9]. The vpNAM contributes to systematizing the curricular
integration that plays a key role in the implementation of new
technologies and thereby ensures that the VPs are used
effectively and consistently [21].

Students’ Perceptions of Global Linear Virtual Patients
We investigated the nursing students’ experiences of learning
while working with virtual patients, created using the vpNDM
and vpNAM, focusing on the development of clinical reasoning
skills. The aspects covered authenticity of patient encounter
and the consultation, professional approach in the consultation,
coaching during consultation, learning effect of consultation,
and overall judgment of case workup. The global linear VPs
were perceived by students as useful in terms being actively
engaged in gathering patient information in order to characterize
the patients’ nursing problem. Others useful aspects, but to a
lesser extent, were the ability to actively engage in revising the
patients’ problems as new information became available and
the fact that VPs triggered diagnostic reasoning.

Conclusions
Virtual patients adapted to the nursing paradigm could support
nursing students’ development of clinical reasoning skills.
Building on theory-anchored models for designing and
implementing virtual patients can aid constructive alignment
with intended learning and assessment objectives. Furthermore,
this approach could strengthen the research in this field. Finally,
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nursing students perceive the strengths of global linear VPs
mainly in the ability to support clinical data gathering and as a

worthwhile learning experience, and to a lesser extent, in VPs
that actively drive the reasoning process.

 

Acknowledgments
This project was supported with intramural funds from Karolinska Institutet. The authors thank Sherry Fahimi for revising the
figures, Dr Gordon Tait for giving us access to the VIC tool, and the participants of the study for their positive engagement in
this research project.

Conflicts of Interest
None declared.

References
1. Swanwick T, Buckley G. In: Swanwick T, editor. Understanding Medical Education: Evidence, Theory and Practice.

London: Wiley-Blackwell; 2010.
2. Jenson CE, Forsyth DM. Virtual reality simulation: using three-dimensional technology to teach nursing students. Comput

Inform Nurs 2012 Jun;30(6):312-8; quiz 319. [doi: 10.1097/NXN.0b013e31824af6ae] [Medline: 22411409]
3. Benner P, Sutphen M, Leonard V, Day L, Shulman LS. Educating nurses: a call for radical transformation. San Francisco:

Jossey-Bass; 2010.
4. Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, et al. Technology-enhanced simulation for health

professions education: a systematic review and meta-analysis. JAMA 2011 Sep 7;306(9):978-988. [doi:
10.1001/jama.2011.1234] [Medline: 21900138]

5. Huwendiek S, Reichert F, Bosse HM, de Leng BA, van der Vleuten CP, Haag M, et al. Design principles for virtual patients:
a focus group study among students. Med Educ 2009 Jun;43(6):580-588. [doi: 10.1111/j.1365-2923.2009.03369.x] [Medline:
19493183]

6. Gaba DM. The future vision of simulation in health care. Qual Saf Health Care 2004 Oct;13 Suppl 1:i2-10 [FREE Full
text] [doi: 10.1136/qhc.13.suppl_1.i2] [Medline: 15465951]

7. Gobbi M, Monger E, Weal MJ, McDonald JW, Michaelides D, De Roure D. The challenges of developing and evaluating
complex care scenarios using simulation in nursing education. Journal of Research in Nursing 2012 Jul 10;17(4):329-345.
[doi: 10.1177/1744987112449969]

8. Salas E, Bowers CA, Rhodenizer L. It is not how much you have but how you use it: toward a rational use of simulation
to support aviation training. Int J Aviat Psychol 1998;8(3):197-208. [doi: 10.1207/s15327108ijap0803_2] [Medline:
11541532]

9. World Health Organization. Global standards for the initial education of professional nurses and midwives URL: http:/
/www.who.int/hrh/nursing_midwifery/hrh_global_standards_education.pdf [accessed 2013-03-03] [WebCite Cache ID
6EqM3jSrb]

10. Warne T, Johansson UB, Papastavrou E, Tichelaar E, Tomietto M, Van den Bossche K, et al. An exploration of the clinical
learning experience of nursing students in nine European countries. Nurse Educ Today 2010 Nov;30(8):809-815. [doi:
10.1016/j.nedt.2010.03.003] [Medline: 20409620]

11. Pesut D, Herman JA, Herman J. Clinical reasoning: the art and science of critical and creative thinking. Albany: Delmar;
1999.

12. Higgs J. Clinical reasoning in the health professions. Edinburgh: Elsevier, Churchill Livingstone; 2008.
13. Gaberson KB, Oermann MH. Clinical teaching strategies in nursing. New York: Springer Pub; 2010.
14. Thompson C, Yang H. Nurses' decisions, irreducible uncertainty and maximizing nurses' contribution to patient safety.

Healthc Q 2009;12 Spec No Patient:e178-e185 [FREE Full text] [Medline: 19667766]
15. Burns N, Grove SK. The practice of nursing research: conduct, critique, and utilization. St. Louis, Mo: Elsevier/Saunders;

2005.
16. Higgs J, Jones MA, Titchen A. Knowledge reasoning and evidence for practice. In: Higgs J, Jones MA, Loftus S, Christensen

N, editors. Clinical reasoning in the health professions. Edinburgh: Elsevier, Churchill Livingstone; 2008:151-159.
17. Levett-Jones T, Hoffman K, Dempsey J, Jeong SY, Noble D, Norton CA, et al. The 'five rights' of clinical reasoning: an

educational model to enhance nursing students' ability to identify and manage clinically 'at risk' patients. Nurse Educ Today
2010 Aug;30(6):515-520. [doi: 10.1016/j.nedt.2009.10.020] [Medline: 19948370]

18. Banning M. Clinical reasoning and its application to nursing: concepts and research studies. Nurse Educ Pract 2008
May;8(3):177-183. [doi: 10.1016/j.nepr.2007.06.004] [Medline: 17869587]

19. Higuchi KA, Donald JG. Thinking processes used by nurses in clinical decision making. J Nurs Educ 2002 Apr;41(4):145-153.
[Medline: 11954966]

J Med Internet Res 2014 | vol. 16 | iss. 4 | e105 | p.285http://www.jmir.org/2014/4/e105/
(page number not for citation purposes)

Georg & ZaryJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1097/NXN.0b013e31824af6ae
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22411409&dopt=Abstract
http://dx.doi.org/10.1001/jama.2011.1234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21900138&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2923.2009.03369.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19493183&dopt=Abstract
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=15465951
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=15465951
http://dx.doi.org/10.1136/qhc.13.suppl_1.i2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15465951&dopt=Abstract
http://dx.doi.org/10.1177/1744987112449969
http://dx.doi.org/10.1207/s15327108ijap0803_2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11541532&dopt=Abstract
http://www.who.int/hrh/nursing_midwifery/hrh_global_standards_education.pdf
http://www.who.int/hrh/nursing_midwifery/hrh_global_standards_education.pdf
http://www.webcitation.org/6EqM3jSrb
http://www.webcitation.org/6EqM3jSrb
http://dx.doi.org/10.1016/j.nedt.2010.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20409620&dopt=Abstract
http://www.longwoods.com/product.php?productid=20946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19667766&dopt=Abstract
http://dx.doi.org/10.1016/j.nedt.2009.10.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19948370&dopt=Abstract
http://dx.doi.org/10.1016/j.nepr.2007.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17869587&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11954966&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Narayan S, Corcoran-Perry S. Teaching clinical reasoning in nursing education. In: Higgs J, Jones MA, Loftus S, Christensen
N, editors. Clinical reasoning in the health professions. Edinburgh: Elsevier; 2008:405-413.

21. Cook DA, Triola MM. Virtual patients: a critical literature review and proposed next steps. Med Educ 2009
Apr;43(4):303-311. [doi: 10.1111/j.1365-2923.2008.03286.x] [Medline: 19335571]

22. Cook DA, Erwin PJ, Triola MM. Computerized virtual patients in health professions education: a systematic review and
meta-analysis. Acad Med 2010 Oct;85(10):1589-1602. [doi: 10.1097/ACM.0b013e3181edfe13] [Medline: 20703150]

23. Hurst HM, Marks-Maran D. Using a virtual patient activity to teach nurse prescribing. Nurse Educ Pract 2011
May;11(3):192-198. [doi: 10.1016/j.nepr.2010.08.008] [Medline: 20869319]

24. Ellaway RH, Poulton T, Smothers V, Greene P. Virtual patients come of age. Med Teach 2009 Aug;31(8):683-684. [Medline:
19811203]

25. Huwendiek S, De leng BA, Zary N, Fischer MR, Ruiz JG, Ellaway R. Towards a typology of virtual patients. Med Teach
2009 Aug;31(8):743-748. [Medline: 19811212]

26. Ellaway R, Poulton T, Fors U, McGee JB, Albright S. Building a virtual patient commons. Med Teach 2008;30(2):170-174.
[doi: 10.1080/01421590701874074] [Medline: 18464142]

27. LeFlore JL, Anderson M, Zielke MA, Nelson KA, Thomas PE, Hardee G, et al. Can a virtual patient trainer teach student
nurses how to save lives--teaching nursing students about pediatric respiratory diseases. Simul Healthc 2012 Feb;7(1):10-17.
[doi: 10.1097/SIH.0b013e31823652de] [Medline: 22228285]

28. Cendan J, Lok B. The use of virtual patients in medical school curricula. Adv Physiol Educ 2012 Mar;36(1):48-53 [FREE
Full text] [doi: 10.1152/advan.00054.2011] [Medline: 22383412]

29. Gesundheit N, Brutlag P, Youngblood P, Gunning WT, Zary N, Fors U. The use of virtual patients to assess the clinical
skills and reasoning of medical students: initial insights on student acceptance. Med Teach 2009 Aug;31(8):739-742.
[Medline: 19811211]

30. Guise V, Chambers M, Välimäki M. What can virtual patient simulation offer mental health nursing education? J Psychiatr
Ment Health Nurs 2012 Jun;19(5):410-418. [doi: 10.1111/j.1365-2850.2011.01797.x] [Medline: 22070549]

31. Kononowicz AA, Narracott AJ, Manini S, Bayley MJ, Lawford PV, McCormack K, et al. A framework for different levels
of integration of computational models into web-based virtual patients. J Med Internet Res 2014;16(1):e23 [FREE Full
text] [doi: 10.2196/jmir.2593] [Medline: 24463466]

32. Salminen H, Zary N, Björklund K, Toth-Pal E, Leanderson C. Virtual patients in primary care: developing a reusable model
that fosters reflective practice and clinical reasoning. J Med Internet Res 2014;16(1):e3 [FREE Full text] [doi:
10.2196/jmir.2616] [Medline: 24394603]

33. Pesut DJ, Herman J. OPT: transformation of nursing process for contemporary practice. Nurs Outlook 1998;46(1):29-36.
[Medline: 9513228]

34. Kautz DD, Kuiper R, Pesut DJ, Knight-Brown P, Daneker D. Promoting clinical reasoning in undergraduate nursing
students: application and evaluation of the Outcome Present State Test (OPT) model of clinical reasoning. Int J Nurs Educ
Scholarsh 2005;2:Article 1. [doi: 10.2202/1548-923x.1052] [Medline: 16646903]

35. Toronto General Hospital Department of Anesthesia. Perioperative Interactive Education Virtual Interactive Case system.
2013. URL: http://pie.med.utoronto.ca/vic/index.htm [accessed 2013-03-03] [WebCite Cache ID 6EqKWUF0Z]

36. Huwendiek S, De Lang B. Student questionnaire concerning their learning and clinical reasoning experiences with virtual
patients. URL: http://www.virtualpatients.eu/wp-content/uploads/2009/06/
evip_evaluation_tool_form1_student_questionnaire_VPs.pdf [accessed 2014-04-06] [WebCite Cache ID 6OdKoh6kW]

37. Bateman J, Allen ME, Kidd J, Parsons N, Davies D. Virtual patients design and its effect on clinical reasoning and student
experience: a protocol for a randomised factorial multi-centre study. BMC Med Educ 2012;12:62 [FREE Full text] [doi:
10.1186/1472-6920-12-62] [Medline: 22853706]

38. Royal College of Nursing. Defining nursing. Nursing is URL: http://www.rcn.org.uk/__data/assets/pdf_file/0003/78564/
001983.pdf [accessed 2013-03-03] [WebCite Cache ID 6EqK626r7]

39. Clark RC. Scenario-based e-learning. In: Evidence-Based Guidelines for Online Workforce Learning. San Francisco:
Pfeiffer; 2013.

Abbreviations
CR: clinical reasoning
eViP: electronic virtual patients
OPT: Outcome-Present State Test
VIC: virtual interactive case
VP: virtual patient
vpNAM: virtual patient Nursing Activity Model
vpNDM: virtual patient Nursing Design Model

J Med Internet Res 2014 | vol. 16 | iss. 4 | e105 | p.286http://www.jmir.org/2014/4/e105/
(page number not for citation purposes)

Georg & ZaryJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1365-2923.2008.03286.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19335571&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0b013e3181edfe13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20703150&dopt=Abstract
http://dx.doi.org/10.1016/j.nepr.2010.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20869319&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19811203&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19811212&dopt=Abstract
http://dx.doi.org/10.1080/01421590701874074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18464142&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0b013e31823652de
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22228285&dopt=Abstract
http://advan.physiology.org/cgi/pmidlookup?view=long&pmid=22383412
http://advan.physiology.org/cgi/pmidlookup?view=long&pmid=22383412
http://dx.doi.org/10.1152/advan.00054.2011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22383412&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19811211&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2850.2011.01797.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22070549&dopt=Abstract
http://www.jmir.org/2014/1/e23/
http://www.jmir.org/2014/1/e23/
http://dx.doi.org/10.2196/jmir.2593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24463466&dopt=Abstract
http://www.jmir.org/2014/1/e3/
http://dx.doi.org/10.2196/jmir.2616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24394603&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9513228&dopt=Abstract
http://dx.doi.org/10.2202/1548-923x.1052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16646903&dopt=Abstract
http://pie.med.utoronto.ca/vic/index.htm
http://www.webcitation.org/6EqKWUF0Z
http://www.virtualpatients.eu/wp-content/uploads/2009/06/evip_evaluation_tool_form1_student_questionnaire_VPs.pdf
http://www.virtualpatients.eu/wp-content/uploads/2009/06/evip_evaluation_tool_form1_student_questionnaire_VPs.pdf
http://www.webcitation.org/6OdKoh6kW
http://www.biomedcentral.com/1472-6920/12/62
http://dx.doi.org/10.1186/1472-6920-12-62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22853706&dopt=Abstract
http://www.rcn.org.uk/__data/assets/pdf_file/0003/78564/001983.pdf
http://www.rcn.org.uk/__data/assets/pdf_file/0003/78564/001983.pdf
http://www.webcitation.org/6EqK626r7
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by P Bamidis, D Giordano, C Pattichis, N Zary; submitted 18.03.13; peer-reviewed by T Poulton, M Triola, C Bond; comments
to author 18.04.13; revised version received 30.01.14; accepted 21.02.14; published 10.04.14.

Please cite as:
Georg C, Zary N
Web-Based Virtual Patients in Nursing Education: Development and Validation of Theory-Anchored Design and Activity Models
J Med Internet Res 2014;16(4):e105
URL: http://www.jmir.org/2014/4/e105/ 
doi:10.2196/jmir.2556
PMID:24727709

©Carina Georg, Nabil Zary. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 10.04.2014.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

J Med Internet Res 2014 | vol. 16 | iss. 4 | e105 | p.287http://www.jmir.org/2014/4/e105/
(page number not for citation purposes)

Georg & ZaryJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2014/4/e105/
http://dx.doi.org/10.2196/jmir.2556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24727709&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Publisher:
JMIR Publications
130 Queens Quay East.
Toronto, ON, M5A 3Y5
Phone: (+1) 416-583-2040
Email: support@jmir.org

https://www.jmirpublications.com/

XSL•FO
RenderX

mailto:support@jmir.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

