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Abstract

Background: Excessive acohol use is a widespread problem in many countries, especially among young people. To reach
more people engaging in high-risk drinking behaviors, anumber of online programs have been developed in recent years. Change
Your Drinking is a German, diary-based, fully automated a cohol intervention. In 2010, a revised version of the program was
developed. It is more strongly oriented to concepts of relapse prevention than the previous version, includes more feedback, and
offers more possibilities to interact with the program. Moreover, the program duration was extended from 10 to 14 days.

Objective: This paper examines whether the revised version of Change Your Drinking is more effective in reducing alcohol
consumption than the original version.

Methods: The effectiveness of both program versions was compared in a Web-based, open, randomized controlled trial with
follow-up surveys 6 weeks and 3 months after registration. Participants were recruited online and were randomly assigned to
either the original or the revised version of Change Your Drinking. The following self-assessed outcomes were used: alcohol use
days, alcohol intake in grams, the occurrence of binge drinking and risky drinking (all referring to the past 7 days prior to each
survey), and the number of alcohol-related problems.

Results: A total of 595 participants were included in the trial. Follow-up rates were 58.0% after 6 weeks and 49.6% after 3
months. No significant group differences were found in any of the outcomes. However, the revised version was used by more
participants (80.7%) than the original version (55.7%). A significant time effect was detected in all outcomes (alcohol use days:
P=.002; alcohoal intake in grams. P<.001; binge drinking: P<.001; alcohol-related problems: P=.004; risky drinking: P<.001).
Conclusions: The duration and complexity of the program played a minor role in reducing alcohol consumption. However,
differences in program usage between the versions suggest the revised version was more attractive to participants.

Trial Registration: International Standard Randomized Controlled Triadl Number (ISRCTN): 31586428;
http://www.controlled-trials.com/| SRCTN 31586428/ (Archived by WebCite at http://www.webcitation.org/6BFXApCUT)

(J Med Internet Res 2013;15(6):€110)  doi:10.2196/jmir.2489

KEYWORDS
alcohol abuse; binge drinking; Internet intervention; relapse prevention; randomized controlled trial

deaths worldwide are due to the consumption of alcohol [1]. In
Germany, morethan 70,000 people diefrom alcohol use-related
Excessive alcohol use is associated with numerous health and ~ onsequences each year [2].

social consequences and representsamajor challengefor public  Typically, people are introduced to acohol a a young age,
health activities. It is estimated that approximately 4% of al  which makes the earliest possible prevention a priority. In
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Germany, the average age of thefirst binge drinking experience
is between 15 and 16 years [3]. To a certain extent,
experimenting with alcohol can be regarded asanormal part of
adolescence [4,5]. However, regular binge drinking not only
represents a direct health risk, it also can impair brain
development substantially [6,7].

In Germany, the prevalence of excessive drinking is highest
among young adults. Forty-two percent of those aged between
18 and 25 years engage in binge drinking at least once amonth
[3]; 40% of those aged between 18 to 20 years meet the criteria
for problematic alcohol use as defined by the Alcohol Use
Disorders Identification Test (AUDIT) [8]. Despite high levels
of problematic a cohol use, few young people seek professional
help. Globally, the World Health Organi zation (WHO) estimates
that 78% of those in need for treatment due to alcohol abuse or
dependence remain untreated although effective intervention
methods are available [9].

Internet-based self-help programs can help to reduce this gap.
Their advantages include easy accessibility and discreetness;
therefore, they provide an appealing alternative especially to
those who would abstain from face-to-face treatment because
of fear of exposure or embarrassment. Meta-analyses show that
online self-help programs have a rather small effect size, but
because of their scalability they are a cost-effective way to
reduce alcohol consumption in the population [10,11]. Online
self-help a cohol interventions have been shown to be effective
in the general adult population [12-15] as well as in college
student samples[16-18], underage drinkers[19], and with young
people in the workplace setting [20].

Since 2009, the German Federal Centre for Health Education,
Bundeszentrale fur gesundheitliche Aufklarung (BZgA), has
offered Change Your Drinking, afree online self-help program
for young adults with problematic alcohol use. Based on
cognitive behavioral principles, it providesaconsumption diary
for 10 days and 1 brief tailored feedback at the end of this
period. Statements from users previously collected in an
unpublished Web survey, however, indicated a need for further
and more elaborate feedbacks. Moreover, some users regarded
the consumption diary astoo simple. Based on thisinformation,
the intervention was revised and extended to 14 days, aiming
toinvolvethe users more deeply into the program and to provide
them with a more sophisticated version of the consumption
diary. These goals reflect recent findings according to which
elaborated self-help acohol interventions spanning over
different sessions are more effective than single-session
feedback interventions [12,13], and a higher degree of
interactivity is associated with higher effect sizes [21].
Moreover, Web-based interventions with a higher intended
usage were found to be more likely to be adhered to [22].

This paper examines whether the revised version of Change
Your Drinking is more effective in reducing alcohol
consumption than the original version. Outcomes were the
alcohol use days, the total intake in grams, the occurrence of
binge drinking (yes/no), and binge drinking (yes/no) for the
past 7 days prior to each survey as well as the number of
alcohol-related problems.

http://www.jmir.org/2013/6/€110/
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Methods

Study Design

A randomized controlled trial (RCT) was conducted to compare
the 2 versions of Change Your Drinking with follow-up surveys
6 weeks and 3 months after registration. Participants were
invited by email and reimbursed with a€10 shopping voucher
for their participation. The study was approved by the ethics
committee of the Department of Applied Human Sciences at
the University of Magdeburg-Stendal (Ref 4973-15) and was
registered with Current Controlled Trials (ISRCTN: 31586428).

The intervention and the study were purely Web-based on the
addiction prevention website Drugcom [23] and the alcohol
prevention website Kenn dein Limit (Know Your Limit) [24]
both run by the BZgA. Recruitment of participants started in
December 2010 and ended in March 2012. All usersof thefreely
accessible Check Your Drinking self-assessment were invited
for the study if they met the €ligibility criteria described
subsequently. Theresults of the self-assessment were used both
for the Change Your Drinking program and as baseline datafor
thetrial.

If the eligibility criteria (see Study Criteria) were met, users
were informed about the study. A portable document format
(PDF) file containing al relevant study details was offered for
download (see Multimedia Appendix 1). Userswho werewilling
to participate were then asked to register and to provide their
informed consent by clicking an“1 agreeto participate” button.
After successfully confirming their email addresses, participants
were randomly assigned either to the original (version 1) or the
revised program (version 2) by random number generator
software. Researchers could not influence nor predict the
randomization result. The participants were blind to the results
of the randomization because they only received detailed
information about the program version they were allocated to.

Those who opted not to participate in the study or who did not
meet the digibility criteriahad full accesstothe original version
of the program and were not included in any follow-up surveys.

M easures

Trial data were collected via self-assessment in the baseline
survey, as well as 6 weeks and 3 months afterwards. The past
7 days were used as reference period for acohol consumption.
In order to quantify the alcohol intake, participants were first
asked to indicate their number of acohol use days in the
previous 7 days. Afterwards, they were requested to specify the
number and type of acoholic beverages consumed on each
drinking day. Using these details, the amount of pure alcohol
and the number of standard glasses (SG) per day was calcul ated.
According to the BZgA, 1 SG in Germany corresponds to 10
grams of pure alcohol [25]. If 5 or more SG were consumed on
any of the previous 7 days, thiswas classified as binge drinking.

Another outcome was risky consumption in the past 7 days, as
defined by the following factors: (1) an average of more than
24 or 12 g (for males and femal es, respectively) of pure alcohol
per day (these are the tolerable upper alcohol intake levels for
males and females in Germany according to Burger and
colleagues [26]), or (2) more than 5 days of consumption, or
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(3) at least 1 incident of binge drinking in the reference period.
The definition of risky alcohol use has been derived from the
guidelines for low-risk consumption as defined by the BZgA

[27].

Alcohol-related problems were measured by a German version
of McGeeand Kypri’s[28] Alcohol Problems Scale (APS). The
scale consists of 14 items describing negative consequences of
alcohol consumption, such as vomiting, unprotected sexual
intercourse, or blackouts, during the last 30 days. Each item is
to be answered with yes, no, or “no answer.”

The AUDIT was used as part of the baseline survey to test for
the study criteria. A cut-off of 8 points as suggested by Babor
et al [29] was used to define risky alcohol consumption. As a
measure of the program usage we tracked the diary usage (used
at least once: yes/no).

Table 1. Comparison of both Change Your Drinking versions.

Tensil et a

Study Criteria

To be invited for the study, participants had to be Internet
literate, at least 18 years old, and had either reached the cut-off
of 8 points in AUDIT or have consumed more than 24/12 g
(male/female) of pure alcohol per day on average in the past
week. We did not use stricter study criteria (eg, exclusion of
individuals currently in other treatment) because we wanted to
increase the generalizability of the results to the regular users
of Change Your Drinking.

I nterventions

Change Your Drinking is an Internet-based self-help program
based entirely on automated tailored feedbacks. A comparison
of both versions of the intervention is displayed in Table 1.
Exemplary feedbacks of each version in German language are
included in Multimedia Appendix 2.

Characteristics Version 1

Version 2

Aim No alcohol use or low-risk use?
Duration 10 days
Interventions Detailed tailored feedback at baseline with advice regarding

the participant’s alcohol use (Check Your Drinking)

General information on control strategies

10-day alcohol use diary

On day 10: Tailored feedback on the individual a cohol

consumption

No alcohol use or low-risk use®
14 days

Detailed tailored feedback at baseline with advice regarding
the participant’s alcohol use (Check Your Drinking)

General information on control strategies

14-day alcohol use diary including atool to help developing
control strategies

Daily: Short tailored feedback on the individual’s alcohol
use and graphical display of alcohol use

On day 7: Detailed tailored feedback on one’s alcohol use
and tips on how to cope with risk situations

Onday 14: New detailed tailored feedback on one’s alcohol
use and tips on how to cope with risk situations

Advice to reflect one's reasons for reducing or abstaining
from alcohol

Advice to reward oneself for achieving the personal goal

3_ow-risk use was defined as (1) no more than 24/12 g (male/female) of pure acohol per day [26], (2) no more than 5 alcohol use days, and (3) no

incidents of binge drinking in past 7 days [25].

Original Version (Version 1)

Change Your Drinking is based on solution-focused brief
intervention and methods of cognitive behavioral therapy. Berg
and Miller's [30] solution-focused treatment approach
concentrates on achieving concrete behavioral goals within
relatively narrow timeframes.

The first step in the program is a self-assessment tool (Check
Your Drinking) which provides userswith tailored feedback on
their drinking behavior. If indicated, users are recommended to
participate in the Change Your Drinking program.

At the beginning, participants of Change Your Drinking are to
choose a use-related goal which must fall within the limits for
low-risk consumption (for adefinition of low-risk use see Table
1). Afterwards, the participants are given access to an online
diary to keep track of their alcohol use over the next 10 days.
Static information on alcohol control strategies is aso given.

http://www.jmir.org/2013/6/€110/

The program aimsto devel op self-awareness and self-regulatory
skills[31,32].

On the tenth day, participants receive feedback based on their
current alcohol use and on how well the use-related goal was
met. The feedback is based on Miller and Rollnick’s principles
of Motivational Interviewing [33].

Revised Version (Version 2)

To promote confrontation with one’s own consumption pattern,
the original version of Change Your Drinking was revised and
supplemented with new modules. Based on the principles of
relapse prevention [34,35], participants are now asked daily to
confront their risk situations and to develop or refine control
strategies. Short and motivating feedbacks are provided to
reinforce the reflection of one's own alcohol use.

Moreover, 2 tailored and motivating feedbacks after 7 and 14
days were introduced in the intervention, thus extending the

JMed Internet Res 2013 | val. 15 | iss. 6 [e110 | p.5
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program’s length from 10 to 14 days. Both feedbacks address
the participant’s current consumption levels, comparing those
with theinitial values (as reported in the Check Your Drinking
self-assessment tool), and the previously chosen use-related
goals. Tailored tipsto cope with risk situations are also provided

Tensil et a

in the feedbacks. In addition, data entered in the diary is
displayed graphically to give participantsaquick ook at changes
intheir alcohol use. Screenshots of version 2 of theintervention
are shown in Figure 1.

Figure 1. Screenshots of the Change Your Drinking intervention (version 2).

Ghange your Drinking oo

Hallo, melde dich an, um deine personliche Beratung zu erhalten.

CHANGE YOUR DRINKING

BERATUNG FINDEN

Change your Drinking

7 i .

» Noch nicht angemeldet?

Trinkst du manchmal mehr Alkohol als du eigentlich willst? Hast du schon mal
daran gedacht, deinen Alkoholkonsum zu reduzieren? Oder willst du mal eine
Weile keinen Alkohol trinken? Das Programm change your drinking unterstitzt
dich dabei, deinen Alkoholkonsum selbststandig in den Griff zu kriegen und zu
reduzieren. Das Programm ersetzt keine Therapie, kann dir aber helfen, Uberblick
ber deinen Konsum zu bekommen.,

Zur Anmeldung im Programm change your drinking ist es notwendig, zunachst den
Selbsttest check your drinking durchzufuhren. Darin wirst du unter anderem
gebeten, deinen Alkoholkonsum der letzten sieben Tage einzugeben. Diese
Angaben werden fur die Anmeldung im Programm change your drinking benatigt.

Zum Alkoholtest Check your Drinking

Hinweis: Du musst mindestens 14 Jahre alt sein, um am Programm teilnehmen

zu konnen. (siehe auch Allgemeine Nutzungsbedingungen)

Ghange your Drinking oo

Hallo, tester_ben! Herzlich Willommen bei Change your Drinking ...
‘CHANGE YOUR DRINKING

MEIN TRINKTAGEBUCH

Benutzername: cyd3_test19 LOGOUT

RISIKOARMER KONSUM NI
KONTAKT N

Kontrollstrategien entwickeln

Deine persbnlichen Risikosituationen, die du eben oder an den vorhergehenden Tagen ausgewahlt hast, sind in
der linken Spalte aufgelistet. Durch die Schattierung werden inhaltlich shnliche Risikosituationen gruppiert. Neue
Risikosituationen kannst du nur Gber das Tagebuch eingeben.

Um aus den Risikosituationen zu lernen, solltest du dir Uberlegen, was du tun oder denken kannst, um sie in
Zukunft besser in den Griff zu kriegen,

alle friiheren Eintrage werden hier auch angezeigt. Du kannst dann Uberpriifen, ob und wie du die Strategie
noch verbessern kannst.

RISIKOSITUATIONEN IN DEN GRIFF KRIEGEN

Deine Risikosituationen  Welche HANDLUNGEN
waren hilfreich oder

konnten hilfreich sein?

Welche GEDANKEN waren  Sonstige giinstige
hilfreich oder kénnten Bedingungen
hilfreich sein?

weil s im
Freundeskreis einfach
dazu gehort

= Sagen, dass ich heute
keine Lust auf Alkahol
habe

zum Bearbeiten hier

Klicken

= mich an anderen
orientieren, die auch
nicht trinken

zum Bearbeiten hier

Klicken

= Ich will unabhangig
sein

zum Bearbeiten hier
Klicken

2um Tagebuch

zeige alle bisherigen Risikosituationen

Statistical Analysis

The comparison of both program versions was conducted with
generalized estimating equations (GEE) using Stata 11
(StataCorp LP, College Station, TX, USA), accounting for al
3 datacollection points. The GEE analyses were modeled with
unstructured correlation matrices between the data collection
points. We assumed to have binary distributed data (binge
drinking yes/no), Poi sson-distributed data (al cohol use daysand
acohol-related problems), and anegative binomial distribution
with log link in the acohol intake data (intake in grams).

In the GEE analyses, a group difference was assumed in case
of a significant group X time interaction. To measure the
development of both groups, the time effect of each outcome

http://www.jmir.org/2013/6/€110/
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+ Ghange your Drinking o

MEIN TRINKTAGEBUCH NI
=

Hallo, tester_ben! Herzlich Willkommen bei Change your Drinking
‘CHANGE YOUR DRINKING

DAS PROGRAMM

Benutzername: tester_ben

Willkommen zu change your drinking

Auf den nachsten Seiten wirst du dein Konsumziel festlegen. Doch vorab ein kurzer Uberblick uber den Ablauf des
Programm

1. Informationen zur Reduzierung des Alkoholkonsums helfen di, dich vorzubereiten auf die nachsten 10 Tage.

2. Konsum checken: Um deinen aktuellen Alkoholkonsum zu Uberprufen, ist es zunachst notwendig, den Selbsttest
check your drinking durchzufahren.

3. Ziel bestimmen: AnschiieBend kannst du dein personiiches Ziel fur die nachsten 10 Tage festiegen.

4. Tagebuch filhren: Kern des Programms ist ein Trink-Tagebuch, das du online 10 Tage lang fuhrst. Es dient
dazu, dein Trinkverhalten zu protokollieren und besser kennen zu leren.

s Am Ende des 10- bekommst du eine individuelle Ruckmeldung Gber
dein Konsumverhalten der letzten 10 Tage.

6. An Nachbefragungen teilnehmen: Im Anschiuss des Programms sowie nach 6 Wochen und 3 Monaten schicken
wir dir jewels per E-Mail eine Einladung zu einer kurzen Nachbefragung zu.

Hallo, cyd3_test27! Herzlich Willkommen bei Change your Drinking

ECEE

DAS PROGRAMM

Benutzername: cyd3._test27.

Rickmeldung zur Programmteilnahme

Woche 3 +4
(Verlingerung)

H
|

S

risikoarmer

riskanter
Konsum

+Angabenaus check
Your drinking

Dein Programmverlauf im Detail:

rfolgreichen P

griinen Bereich st

was examined. In case of any statistically significant result,
Cohen’s d was calculated.

In a first step of data analysis, we tested whether group
differences at baseline or the program usage (operationalized
by onlinediary used: yes/no) moderated the effects of the group
assignment on the study outcomes. In case of significance, the
respective measure and its interaction with the group factor
were included in the GEE; otherwise, it was not considered in
the effectiveness testing.

For the intention-to-treat analyses (ITT), missing data was
estimated by multipleimputationswith Stata’s“ICE” command.
We performed 10 imputations. The results from the multiple
imputations were compared with completer analyses and last
observation carried forward (L OCF) analyses. |n the completer
analyses, missing follow-up datawas not imputed, so only those
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casesthat provided follow-up datawere analyzed. In the LOCF
analyses, missing data was replaced with data from the
preceding data collection point.

To compare both groups at study baseline and to determine
whether baseline measures were predicting follow-up
participation, logistic regression analyses were performed. In
all analyses, we used a 2-sided significance level of alpha=.05.
The study was powered to detect a group difference of d=0.20.
Therefore, we aimed for a sample size of N=624 (alpha=.05;
power=0.80).

The research is reported in accordance with the E-CONSORT
checklist [36] (see Multimedia Appendix 3).

Results

Flow of Participants

Each time the Change Your Drinking starting page was opened,
it was checked whether data for the Check Your Drinking
self-assessment were available and whether the study criteria
were fulfilled or not. In the trial period, Check Your Drinking
was completed 10,887 times. A total of 5823 cases did not meet
the study criteria and 4469 users refused to participate. Thus,
595 persons were included in the trial and were randomized,
resulting in 2 approximately equally sized groups (see Figure
2). Participation in the trial (N=595) compared to refusing to
participate (n=4469) was predicted by female gender (oddsratio
[OR] 1.68, 95% CI 1.40-2.00, P<.001) and higher education
(OR 1.39, 95% CI 1.22-1.58, P<.001). Thus, in the group of
participants, females (38.8%) and individual s with high school
education (65.0%) were more highly represented than in the
group of nonparticipants (females. 27.4%, participants with
high school education: 52.9%). Significant group differences
were also found for the utilization of professional treatment
(OR 1.83, 95% CI 1.10-3.03, P=.02) and age (OR 0.99, 95%
Cl 0.99-1.00, P=.04). That is, participantsin the trial tended to
use professional help more often (10.3% vs 5.9%) and were
slightly younger (between-group d=0.09) than individuals who
refrained from participating. Baseline alcohol use was not
associated with tria participation (use days. OR 1.00, 95% CI
0.96-1.04, P=.95; intake in grams: OR 1.00, 95% CI 1.00-1.00,
P=.16).

In total, 345 persons participated in thefirst follow-up and 295
in the second, resulting in follow-up rates of 58.0% and 49.6%,
respectively. Although loss to follow-up was not predicted by
group alocation (OR 0.82, 95% Cl 0.56-1.20, P=.31), the level

http://www.jmir.org/2013/6/€110/
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of education, program usage, and acohol use were significant
predictors. Thus, those who took part in the follow-up surveys
were more highly educated (OR 1.36, 95% CI 1.14-1.61,
P=.001), used the diary more often (OR 6.56, 95% CI 4.39-9.81,
P<.001), and consumed less alcohol (OR 0.97, 95% ClI
0.94-1.00, P=.04). However, we do not expect any significant
bias on that account because these measures were all included
in the equations of the multiple imputations.

Sample Description

There were no significant group differences at baseline (see
Table 2). Mean age of participants was approximately 30 years
and most participants (364/595, 61.2%) were male. The
education level of the participantswasrelatively high, with 387
of 595 (65.0%) having attended high school. A total of 534 of
595 (89.7%) of the participants were currently not using any
other professional help to deal with their acohol use.

In contrast to the baseline measures, the usage of the diary was
significantly higher in the revised version of the program (OR
3.33, 95% CIl 2.30-4.81; P<.001). According to the analysis
plan, the diary usage was included in the first step of the
effectiveness analyses.

Effectiveness Results

Diary usage did not moderate the effects of the group assignment
on any of the study outcomes (alcohol use days: beta = —0.04,
95% Cl —0.22t0 0.14, P=.66; alcohol intake: beta=-0.01, 95%
Cl -0.13to 0.11, P=.85; binge drinking: beta = 0.27, 95% ClI
—0.32 to 0.85, P=.37; acohol-related problems: beta = 0.04,
95% CI —0.11t0 0.19, P=.56; risky drinking: beta=—-0.49, 95%
Cl —1.02 to 0.03, P=.07); therefore, it was removed from the
analysis.

There were no significant group differences in any of the
primary outcomes of the study (see Table 3). Thus, the number
of alcohol use days, the alcohol intake, the frequency of binge
drinking, the number of use-related problems, and theindicators
for risky consumption follow asimilar direction in both groups.

However, significant overall reductions in alcohol use can be
noted. Thus, after 3 months, participants in both program
versions consumed on average 1.2 days (d=0.46) and 133.3
grams (d=0.59) lessthan at baseline. A significant reductionin
alcohol-related problems (d=0.36), binge drinking incidents
(reduction of 31.1%), and risky drinking (reduction of 23.6%)
were seen. All the results were confirmed through completer
and LOCF analyses.
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Figure2. CONSORT flow diagram of participants.

Assessed for eligibility
(n=10,887)
Self-assessment
Check Your Drinking
completed

Excluded (n=10,292):
* Not meeting inclusion criteria (n=5823)
e Not interested in participating (n=4469)

Randomized (n=595)

Allocated to version 1 (n=300) | |Allocated to version 2 (n=295)

Lost to follow-up Lost to follow-up
- 6 weeks (n=136) - 6 weeks (n=114)
- 3 months (n=160) - 3 months (n=140)

(Questionnaires not returned) | [(Questionnaires not returned)

Analyzed Analyzed
- 6 weeks (n=300) - 6 weeks (n=295)
- 3 months (n=300) - 3 months (n=295)
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Table 2. Participants' characteristics at baseline and usage of the Change Your Drinking program (N=595).

Variable Version 1 Version 2
(n=300) (n=295)
Gender, n (%)
Male 177 (59.0) 187 (63.4)
Female 123 (41.0) 108 (36.6)
Age, mean (SD) 29.8(10.3) 29.0 (9.4)
Currently no professional help, n (%) 266 (88.7) 268 (90.8)

Educational level, n (%)

Basic school (Hauptschule) 25(8.3) 23(7.8)
Middle school (Realschule) 57 (19.0) 64 (21.7)
High school (Gymnasium) 203 (67.7) 184 (62.4)
Other school 15 (5.0) 24 (8.1)
Alcohol use
Alcohol use days?, mean (SD) 4.1(1.8) 43(1.9)
Alcohol intake? (g), mean (SD) 313.4 (193.0) 318.5 (194.4)
Binge drinking?® n (%) 278 (92.7) 271 (91.9)
Alcohol-related problems, mean (SD) 24(1.8) 2.3(1.9)

Usage of the program diary, n (%)

Diary used at |least once 167 (55.7) 238 (80.7)
Diary used on all 10/14 days 127 (42.3) 163 (55.3)
@During the past 7 days.

Table 3. Effectiveness results? of study primary outcomes.

Version 1 Version 2
QOutcome (n=300) (n=295) Group x time interaction®  Main effect of time
Basdline 6weeks 3months Baseline 6weeks 3 months Beta Pvaue Beta P value
(95% Cl) (95% Cl)
Alcohol use®
(days), mean 0.01 -0.18
(SD) 41(18) 29(31) 29(41) 43(19 30(29 30(26) (009,011 .88 (-0.27,-0.08) .002
Alcohol intake®
(grams), mean  313.4 162.2 183.3 3185 151.8 181.9 -0.01 -0.14
(SD) (1930) (1716) (2728) (1944) (1666) (2407) (-0.14,011) .84 (-0.22,-0.07) <.001
Bingedrinking® 278 190 194 271 178 171 -011 -0.69
(yes), n (%) (927)  (634) (645  (91.9)  (604)  (578)  (-0.39,017) .44 (-0.92,-0.47) <.001
Alcohol-related
probl emsd, 0.04 —0.24
mean (SD) 24(18 16(21) 15(32) 23(19 15(19 15(3) (-011,019 .56 (-0.39,-0.09) .004
Risky drinking® 300 231 238 295 215 216 -0.10 -0.64
(yes), n (%) (100.0) (77.)  (793)  (1000) (729  (734)  (-0.47,027) 59 (-0.92,-0.37) <.001

#TT analyses following multiple imputation. Results of complete case and LOCF analyses can be found in Multimedia Appendix 4.
bComparison between versionl and 2 was conducted with the group x time interaction.

®During the past 7 days.

9Duri ng the past 30 days.
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Discussion

This study examined the effectiveness of the revised version of
thefully automated al cohol intervention Change Your Drinking
ascompared to the original version of the program. Therevised
version lasts 14 daysinstead of 10 days, contains more feedback
and interaction options, and is more strongly oriented toward
the concept of relapse prevention [34,35]. However, in terms
of drinking days, alcohol intake, and other use-rel ated outcomes,
the revised version did not yield superior results compared to
the origina version of the program. Instead, users of both
versions reduced their use behavior in a similar way. For
example, risky alcohol consumption was reduced in both groups
by 23.6% after 3 months. Although trial participants differed
from regular users of Change Your Drinking in terms of gender
and education level, we assume that the results can largely be
generalized to all users of the program.

The results suggest that the higher degree of interactivity, the
improved feedback, the stronger emphasis on relapse prevention,
and the program extension were not sufficient to significantly
enhance the program effects. This is consistent with other
findings that the effectiveness of a Web-based alcohol
intervention is not increased by more feedback [17] or by the
provision of a more elaborate and tailored intervention [37].
The findings are aso reflected in the meta-analysis of Rooke
and colleagues[10] on the effectiveness of computer-delivered
acohol and tobacco interventions. In this study, no association
between the number of intervention sessions and the emphasis
on relapse prevention and the intervention’s efficacy wasfound
[10]. These results suggest that the effectiveness of self-help
acohol interventions can only be increased to a very limited
extent by these features. To significantly enhance their
effectiveness it might be necessary to include additional means
of interaction, such as personal support by a counselor or
therapist [14,38]. Moreover, it has to be noted that Web-based
trials using an active comparison group (like ours) often yield
very limited effects [10].

These results might question the time and costs spent devel oping
elaborate automated programs. However, if an intervention is
less sophisticated, it probably will be less attractive and, thus,
be utilized by less people. This point is supported by the usage
statistics of Change Your Drinking because the more elaborate
version was used by more participants than the original version.

Limitations

A key limitation to this study was the reliance on self-reported
data. However, this type of data has repeatedly been shown to
bereliable and valid [39,40]. Moreover, verification with urine
samples or clinica interviews was not a practical option
considering the widely scattered sample.

Because of the financial compensation given for follow-up
participation, it cannot be ruled out that several participants
tried to register more than once for the study. Although technical
measures were taken to prevent this from happening, the
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anonymous study setting allowed a participant to sign up with
different email addresses. However, we do not expect any bias
in favor of any group due to this reason because multiple
registrations (if any) presumably were equally distributed among
both study groups.

Moreover, it should be noted that a significant number of
participants did not take part in the final follow-up surveys.
Therefore, we included all relevant participant data in the
multiple imputations to estimate their follow-up data and
crosschecked those results with completer analyses and LOCF
analyses which came to very similar results.

To elucidate the effects of the interventions more thoroughly,
it would have been desirable to collect additional data on their
acceptability and usability. However, to keep the questionnaires
short and the respondent burden as low as possible, we did not
include these outcomesin this survey. A future eval uation study
will deal with thistopic in detail.

We did not include a no-intervention control group; therefore,
we cannot determine the de facto effectiveness of the
intervention. A comparison with other RCTs on Web-based
alcohol interventions can provide only rough hints whether the
reduction of alcohol use in the Change Your Drinking
intervention exceeds mere trial participation. The overall
reduction of alcohol intake (d=0.59) is considerably stronger
than the effects of no-intervention control groupsin other trials
[20,41] (the difference of weekend drinking between baseline
and 30-day follow-up in the trial of Doumas et al [20] and the
difference of typical weekly drinking between baseline and
3-month follow-up in thetrial of Cunningham et al [41], where
effect sizesbelow d=0.10 were achieved). However, other RCTs
on Web-based a cohal interventions show that nontreated groups
can attain considerable performances up to d=0.40 (the
difference of drinks last week between baseline and 3-month
follow-up in the trial of Blankers et al [14] and the difference
of alcohol intake in the past 7 days between baseline and
3-month follow-up in the trial of Jonas et al [42]). So these
comparisons only suggest that both versions of Change Your
Drinking to be somewhat effective, which leads to no clear
conclusion. Hence, we cannot say whether the alcohol use
reductions found in both groups are a consequence of the
program participation, response bias, regression to the mean,
or spontaneous remission. Nevertheless, since the original
version of the intervention is freely accessible on the study
website, a no-intervention control group was not feasible.

Conclusion

The revised version of Change Your Drinking is not more
effective in reducing alcohol use than the original version of
the program. The extension of the program and its stronger
elaboration presumably played aminor rolein reducing al cohol
consumption. However, analyses of the program usage suggest
that it may be more attractive to participants. Acceptability and
usability of both program versions will be examined in afuture
study.
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Abstract

Background: Although the hazardous health effects of a sedentary lifestyle are well known, many adults struggle with regular
physical activity. Simple and efficient encouragements for increased physical activity are needed.

Objective: To determine the effect on cardiovascular health of email-based encouragements to do daily stair-walks at work
together with colleagues among adults in sedentary occupations.

Methods: A single-blind randomized controlled trial was performed at alarge administrative company in Copenhagen, Denmark.
Participants were 160 office workers (125 women, 35 men; mean age 42 years, SD 10; sitting 89.5% of work time). At baseline,
aerobic fitnesswas 37 mL/min/kg (SD 9), mean blood pressure was 118/79 mmHg (SD 14/9), and mean body mass index (BMI)
was 23 kg/m? (SD 4). Participants were randomly assigned (2:1 ratio) to an email group receiving weekly email-based
encouragements to walk the stairs for 10 minutes aday or to a control group receiving weekly reminders to continue their usual
physical activities. The primary outcome was the change from baseline to 10-week follow-up in aerobic fitness determined from
amaximal cycle test. The examiner was blinded to group allocation.

Results:  Adherence to the email encouragements was fairly high with 82.7% of the participants performing at least 3 sessions
of 10-minute stair-walks per week (mean 3.3, SD 1.3). Mean heart rate reached 167 beats/min (SD 10) during stair-walks. In the
intention-to-treat analysis, aerobic fitnessincreased 1.45 mL/min/kg (95% CI 0.64-2.27) at 10-week follow-up in the email group
compared with the control group. In participants with low aerobic fitness at baseline (n=56), aerobic fitness increased 1.89
mL/min/kg (95% Cl 0.53-3.24), and systolic and diastolic blood pressure decreased 4.81 mmHg (95% CI 0.47-9.16) and 2.67
mmHg (95% CI 0.01-5.32), respectively, in the email group compared with the control group. Body weight decreased in the
email group of those with low aerobic fitness compared with the control group, but this was not statistically significant.
Conclusions: Simple and inexpensive email-based encouragements to do daily stair-walks together with colleagues at work
improves cardiovascular health among adultsin sedentary occupations. There exists an enormous potential to prevent the hazardous
health effects of a sedentary lifestyle through the use of email-based encouragements to do short bouts of physical activity at the
workplace.

Trial Registration: Clinicaltrials.gov NCT01293253; http://clinicaltrials.gov/ct2/show/NCT01293253 (Archived by WebCite
at http://www.webcitation.org/6HWG2jw68).
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Introduction

According to the World Health Organization, lack of physical
activity is ranked as the fourth leading cause of all deaths
worldwide [1]. To promote and maintain health, the American
College of Sports Medicine (ACSM) and the American Heart
Association (AHA) recommend that heal thy working-age adults
perform moderate aerobic physical activity for at least 30
minutes on 5 days each week or vigorous aerobic physical
activity for at least 20 minutes on 3 days each week [2]. In spite
of this knowledge, surveys from North America and Britain
show that only one-quarter to one-half of adults self-report that
they meet public recommendations for physical activity [3,4].
Thus, lack of sufficient physical activity in the population
remains a problem.

The workplace may provide an optimal setting to encourage a
healthier lifestyle because most adults spend the majority of
their waking hours at work together with colleagues, many with
similar needs for physical activity [5]. Furthermore, in modern
society most adult workers have the opportunity to communicate
and organize physical activitiesthrough emailsor Internet-based
media. In addition, overcoming the motivational barriers for
performing regular physical activity iseasier in asocial setting,
such astheworkplace, than individualy [6]. Internet technol ogy
helps create social networks; thus, social mediamay be used as
a community setting at workplaces to encourage a healthier
lifestyle and motivate physical activities. However, the need
for specia facilities and subsegquent showering limits the
feasibility of prolonged and strenuous physical exercise
programs at the workplace. Further, lack of timeis often cited
asthe major reason among adultsfor not being physicaly active
[7]. Thus, short bouts of vigorous physical activity at the
workplace that can easily be organized by using Internet
technology and without the need for special facilities and
subsequent showering may be preferred [8]. Robroek and
coworkers[9] showed that employees receiving monthly email
promptswere 6 times more likely than those not receiving email
prompts to continue using an Internet-based physical activity
and healthy nutrition program at the workplace. Thus, emails
and Internet-based media may be an efficient and inexpensive
method to organize and motivate participation in such physical
activities.

Stair-walking is a vigorous form of physical activity requiring
5to 10timesthe energy expenditure of rest [10]. Asmost office
buildings have accessible stairways, stair-walking may be a
feasible form of physical activity at the workplace that can be
encouraged and organized using Internet technology. Most
stair-walk interventions at the workplace have reported positive
effects on aerobic fithess, blood pressure, and/or blood lipids
[11-15], which is important from a preventive perspective
because a high level of aerobic fitness is associated with
decreased risk for cardiovascular and all-cause mortality [ 16,17].
However, methodological limitations were present in many of
the previous stair-walk studies, for example, no control group

http://www.jmir.org/2013/6/e127/

or no blinding of examiners. Further, none of the af orementioned
studies used Internet technology as part of the intervention.
Thus, high-quality randomized controlled trials investigating
the health effects of Internet-based encouragementsto do daily
physical activity at the workplace are needed. Companies play
an important role in health promotion, but randomized studies
have failed to show positive return of investment of
health-promoting activities at the workplace probably because
the cost of interventions are often high [18]. Consequently, as
many companies have limited resources for health-promoting
activities, the implementation must be simple and inexpensive.
Email-based encouragements are cheap, easy to administer, and
have the ability to reach virtualy al employees at office
workplaces; thus, they may result in mutua benefit for
employees and employers. One option could be to send out
emailsto encourage using the stairs as part of daily routine, for
exampl e, when having meetings on another floor, and using the
stairs instead of elevators [14]. Encouragements could also be
delivered through emails to form groups with colleagues and
do planned stair-walking as an active break to supplement
overal physical activity. The present study uses this approach.

The aim of the present study is to determine the effect of
email-based encouragement to do daily stair-walks together
with colleagues on cardiovascular health among adults in
sedentary occupations. It was hypothesized that email-based
encouragements to do daily stair-walking improves aerobic
fitness (primary outcome).

Methods

Ethical Approval and Trial Registration

The Loca Ethical Committee approved the study protocol
(H-3-2010-062). Thetrial wasregistered prior to enrollment of
participants (Clinicaltrials.gov NCT01293253), which ensured
that the study aim, hypothesis, and primary outcome were
predefined. There were no changes in outcomes after the trial
commenced. All participants gave written informed consent in
agreement with the Declaration of Helsinki.

Study Design and Flow of Participants

A randomized controlled trial was performed in Copenhagen,
Denmark, from February to June 2011. The
CONSORT-EHEALTH checklist was followed to ensure
transparent and standardized reporting of the trial [19]. Figure
1 shows the flow of participants through the trial. A screening
guestionnaire on health, physical activity, and working
conditions went out by email to 468 office workersin a large
administrative company (ie, a single workplace), and 345
replied. All participants had computer/Internet literacy. The
inclusion criterion were willingness to participate in the study
(N=199). Exclusion criteria were (1) a medical history of
life-threatening disease (n=8), (2) current pregnancy (n=2), (3)
unavailable during the study period (n=3), and (4) blood pressure
greater than 160/100 mmHg (determined later during physical
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examination). Aninvitation for aphysical examination was sent
to the remaining 186 employees, and 161 showed up. During
the physical examination, 1 employee was excluded because of
blood pressure greater than 160/100 mmHg. Thus, the final

Figurel. CONSORT flow diagram of participants through the study.

Andersen et al

sample sizewas 160 participants. A blinded examiner measured
blood pressure and aerobic fitness of the employees at baseline
and at 10-week follow-up as described subsequently.

468 Screening questionnaires
sent

123 Did not reply

345 Replied to questionnaire

2 Excluded due to pregnancy

146 Declined to participate

8 Excluded due to contraindications
3 Unavailable during the study period

186 Invited for physical
examination

25 Did not show up for physical exam

| 161 Physical examination |

160 Ra@

106 allocated to email group

1 lost to follow-up (questionnaire)
12 lost to follow-up (physical test)

1086 included in analysis (questionnaire)
106 included in analysis (physical exam)
0 excluded from anlysis

Randomization and Blinding

Using a computer-generated random numbers table, the 160
participants were randomly alocated to the email group or
control group (2:1 ratio) following the baseline examination.
Simple randomization was used. The 2:1 ratio was chosen to
ensure an adequate number of participants in the email
intervention to form stair-walking groups together with
colleagues. The examiner remained blinded to group allocation,
and participants were instructed via email not to reveal their
group alocation during follow-up examination. Author LLA
performed the randomization and informed participants via
email about group allocation.

Primary Outcome: Aerobic Fithess

Aerobic fitness was estimated from amaximal cycle ergometer
test, which has previously shown very good validity with direct
measurements of oxygen uptake [20]. Men and women started
the test with workloads of 105 and 70 watts, respectively, on a
Monark cycle ergometer (model 874E, Monark AB, Stockholm,
Sweden) and maintained a pedaling frequency of 70 revolutions

http://www.jmir.org/2013/6/e127/

1 Excluded due to contraindications

54 allocated to control group

1 lost to follow-up (questionnaire)
4 lost to follow-up (physical test)

54 included in analysis (guestionnaire)
54 included in analysis (physical exam)
0 excluded from anlysis

per minute. The examiner added 0.5 kg resistance (35 watts)
every other minute until the participant was not ableto maintain
a pedaling frequency of 70 revolutions per minute. The final
workload (watts) and time using the final workload (seconds)
determined maximal power output (MPO), calculated as MPO
(watts) = final workload-35 + (35 x number of seconds at final
workload/120). From this, the maximal oxygen uptake (VOya)
was estimated using the equation VO, (L/min) = 0.16 +
(0.0117 x MPO) [20], and then divided by body weight (kg)
and multiplied by 1000 to determine aerobic fitness
(mL/min/kg).

Subgroup With Low Aerobic Fitness

For exploratory subgroup anaysis of employees with low
aerobic fithess at baseline, participants were categorized
according to the methods of Astrand [21], defining women aged
<30, 30-39, 40-49, 50-59, and >60 years with aerobic fitness
of <35, <34, <32, <29, and <29 mL/min/kg, respectively, and
men aged <30, 30-39, 40-49, 50-59, and >60 yearswith aerobic
fitness of <44, <40, <36, <32, and <27 mL/min/kg, respectively,
as having low aerobic fitness.
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Secondary Outcomes

Blood pressure (systolic/diastolic) was measured during the
physica examination after 15 minutes rest. The examiner
performed 3 measurements, and the average of these
measurements was calculated. Participants were weighed on a
Tanitascale (model Tanitalnnerscan 543) providing information
on body weight and body fat percentage. Height was measured
with a Soehnle Foldable Ultrasound Height Rod. Body mass

index (BMI) was caculaed as BMI (kg/m?)=body
weight/(height)>.

Interventions

Before the study, a meeting was held with the management of
the company who agreed to let employees in the email group
walk the stairs for 10 minutes a day during work time. The
management of the company felt that 10 minutes of group-based
physical activities per day would not impair productivity and
could perhaps contribute to improved social climate. Information
about the aim and content of the project was posted on the
intranet of the company. Further, the employees were invited
viaemail to participate in an informational meeting about the
project.

After baseline testing and randomization, participants in the
email group were advised and reminded viaemail each Monday
at 9 am over 10 weeks (ie, atotal of 10 emails) towalk the stairs
for 10 minutes a day during working days (typically 5 days a
week). We chose this type of encouragement because emails
are cheap, easy to administer, and have the ability to reach
virtually all employees at office workplaces. Thus, even
companies with limited resources would be able to implement
such an intervention as opposed to physical activities requiring
gyms, training eguipment, and instructors. Furthermore, emails
are the preferred source of information among employees[22].
However, no previous studies have documented the optimal
frequency of emails to encourage physical activity. Whereas
email overload may be a problem for some people [23], emails
can be dealt with at one's own convenience and, therefore, have
limited impact on the normal workflow [24]. The frequency of
once per week was chosen to not unnecessarily disturb the
employees with too many emails, yet still frequently remind
the employeesto walk the stairs. This frequency of emails was
based on experience from a previous workpl ace exercise study
in office workers[25].

Participants in the email group were encouraged via email to
form small groups with their colleaguesin the same group and,
if possible, to schedule the daily stair-waks. In detail,
participants were advised to (1) walk at the sametime each day
to make it a habit, for example, before lunch or when meeting
at work in the morning, (2) make an appointment in their work
calendar (Outlook) with colleagues to use and improve social
networks at the workplace, and (3) vary the stair-waks
sometimes by changing the speed between flights of stairs and
aternating between single and double steps to make it more
challenging and avoid boredom. The content of the emails did
not build on any specific behavioral theories, but varied slightly
from week to week with the following 3 progression phases to
ensure organization, intensity, and variation: (1) during thefirst

http://www.jmir.org/2013/6/e127/
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weeks, the goal wasto organizethe stair-walking by scheduling
and forming groups, (2) during the middle weeks, the goal was
to increase exercise intensity by increasing the speed of
stair-walking to ensure effectiveness, and (3) during the later
weeks, the goa was aso to introduce variation in the
stair-walking (eg, varying between single and double steps) to
avoid boredom.

The office building had 3 staircases with 3 to 4 floors.
Stair-climbing is generally considered a vigorous type of
physical activity [10]. In the present study, participants were
offered to participate in heart rate measurements during
stair-walking on the Wednesday of week 5 between 10 am and
12 am, during which time a research assistant presented with
heart rate monitors at the main stair of the company. These
measurements confirmed that theintensity of activity washigh,
with mean heart rate reaching 167 beats/min (SD 10) after 10
minutes of stair-walking (n=23), corresponding to 90% (SD
9%) of the heart rate reserve, calculated as (heart rate during
stair-walk-resting heart rate)/(max heart rate-resting heart rate)
x 100%. Figure 2 shows the recorded heart rate from 1 of the
participants of the email group during 1 of the daily stair-walks.
Participants in the control group were reminded each Monday
at 9 am over 10 weeksviaemail to continuetheir usual physical
activities during the project.

Feasibility

After the first week of the intervention, the participants replied
to an Internet-based questionnaire about sweating during
stair-walking: “Did you experience sweating during the
10-minute stair-walks?’ Participants had 3 response options:
(1) no, (2) yes, but not to an extent that it bothered me, and (3)
yes, to an extent that it bothered me. Participants also replied
to an Internet-based questionnaire at 10-week follow-up.
Adherence was evauated by the question: “How many days
per week during the last 10 weeks have you walked the stairs
for at least 10 minutes at atime” (0, 1, 2,..., 7 days per week).
Asking specific questions about adherence to workplace physical
exercise in retrospect has shown good validity to day-to-day
training diary registrations [26]. Participants also replied to the
question: “During the last week, did you walk the stairs (1)
together with colleagues, (2) alone, (3) alone and together with
colleagues to an equal extent” Multiple-choice questions
concerning reasons for not participating as often as required
(duetolack of time, lack of interest, illness, etc) were also given.
Further, to determinethe potential for long-term implementation
of daily stair-walk, participants were asked whether they wished
to continue daily stair-walking after termination of the research
project, with the response options (1) yes, (2) yes, maybe, and
(3) no.

Other Physical Activities

We included questions to assess for initiation of other physical
activities during the study period that could affect the primary
outcome. At baseline and follow-up, participants filled in a
modified version of the Saltin and Grimby [27] questionnaire
concerning low-, medium-, and high-intensity leisure time
physical activity. On an exploratory basis, we included this
guestion asacovariate in the analyses on changesin fitnessand
blood pressure. Further, participants from both the control and
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email groups replied to the follow-up question regarding weekly
frequency of 10-minute stair-walks.

Statistics

The main outcomes were anayzed according to the
intention-to-treat principleusing a2 x 2 mixed-factorial design,
with time and group asindependent categorical variables (fixed

factors). The last-observation-carried-forward was not used
because all methods of imputation have limitations. Instead,

Andersen et al

efforts were made at follow-up to explain to all participants,
including dropouts, that their datawere till required regardless
of their level of actual participation, and we used the PROC
GLIMMIX (general linear mixed models) of SASversion 9.2.(
SASInstitute, Inc, Cary, NC, USA), which inherently accounts
for missing values. Baseline values are reported as means (SD)
and differences from baseline to follow-up as means (95%
confidence interval).

Figure 2. Heart rate recording from one of the participants during one of the daily stair-walks. This participant walked five times from the ground floor

to the fourth floor of the building in 10 minutes.
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Results

Adherence and Feasibility

Intheemail group, 82.7% (86/104) of the participants performed
a least 3 stair-walking sessions per week. On average, the
number of weekly stair-walking sessions was 3.3 (SD 1.3).
During the last week of the intervention, participants from the
email group replied that they had walked together with
colleagues (65.3%, 68/104), alone (31.7%, 33/104), and alone
and together with colleagues to an equal extent (2.9%, 3/104),
respectively. Regarding the question after the first week of the
intervention whether experiencing sweating during the
10-minute stair-walks, in the email group 5.2% (5/96) replied
no, 71.8% (69/96) replied yes, but not to an extent that it
bothered me, and 22.9% (22/96) replied yes, to an extent that
it bothered me. Inthe email group, reasonsfor not participating
as often as required were lack of time (51.0%, 53/104), illness
(18.3%, 19/104), lack of interest (11.5%, 12/104), lack of
motivation to start the program after vacation (7.7%, 8/104),
difficulties in starting the program after illness (2.9% 3/104),
lack of benefit from the stair-walk program (1.9%, 2/104), and
lack of acceptance from nearest leader (1.0%, 1/104). None of
the participants cited lack of acceptance from colleagues as a
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reason. In the email group, 26.2% (27/103) wished to continue
stair-walking after the research project had ended, 53.4%
(55/103) stated that maybe they wished to continue, and 20.4%
(21/103) did not wish to continue stair-walking.

Attrition

In the email group, 11 participants (10.4%) dropped out during
theintervention period because of pregnancy (n=1), leaving the
company (n=2), long-term vacation (n=1), stress (n=1), lack of
time (n=2), and knee or ankle/foot injuries (n=4) of which 2
reported stair-walking as the cause of injury. In the control
group, 5 participants (9.2%) dropped out during theintervention
period because of long-term sickness absence (n=1) and with
no reason given (n=4). Three and 2 of the dropouts from the
email group and control group, respectively, presented for the
follow-up examination, and 10 and 5, replied to the follow-up
guestionnaire, respectively. All dropouts were included in the
intention-to-treat analyses.

Intention-to-Treat Analysis

Table 1 shows baseline demographics of all participants of the
2 groups. Table 2 shows results from the intention-to-treat
analysis for the change in fitness, blood pressure, and other
variablesfrom baselineto follow-up. A priori hypothesistesting
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showed asignificant group x timeinteraction for aerobic fitness
(P<.001). Theemail group improved aerobic fitness significantly
more than the control group with a between-group difference
of 1.45 mL/min/kg (95% CI 0.64-2.27). For the remainder of
variables, there were no significant group x time interactions.
We also performed exploratory analyses adjusting for the
baseline level of physical activity on the changesin fitness and
blood pressure. This had only minor influence on the results
and the between-group difference for the change in fitness was
1.34 mL/min/kg (95% CI 0.51-2.16), and still nonsignificant
for the changes in blood pressure.

Subgroup With Low Aerobic Fitness

Table 3 shows baseline demographics of participants with low
aerobic fitness of the 2 groups. Table 4 shows results from the
subgroup analysis among individuals with low aerobic fitness
at baseline for the change in fitness, blood pressure, and other
variables from baseline to follow-up. There was also a
significant group x timeinteraction for aerobic fitness (P=.008),

Andersen et al

and systolic (P=.03) and diastolic blood pressure (P=.04). There
was also atendency for the email group to decrease body weight
(P=.08) compared with the control group, although this did not
reach statistical significance.

Other Physical Activities

The weekly duration of leisure time physical activity did not
change significantly in any of the groups during the intervention
period. Based on the follow-up questionnaire replies, 4
participants from the control group had performed 1 (n=2) and
2 (n=2) weekly sessions of 10-minute stair-walks.
Test-Retest Reliability

Using the baseline and 10-week follow-up datafrom the control
group (n=50), test—retest reliability was determined as the
intraclass correlation coefficient (ICC) for the different
outcomes, with ICC 0.98 for aerobic fitness, ICC 0.90 for

diastolic and systolic blood pressure, and ICC 0.99 for weight,
BMI, and body fat percentage.

Table 1. Baseline characteristics of participantsin the email group and control group (N=160).

Variables Email group Control group
(n=106) (n=54)
Demographics
Age (years), mean (SD) 42 (10) 43(11)
Height (cm), mean (SD) 171 (9) 172 (10)
Weight (kg), mean (SD) 69 (14) 71(11)
Body mass index (kg/mz), mean (SD) 23 (4) 23(3)
Body fat %, mean (SD) 28(8) 29(9)
Gender (women), n (%) 84 (79.2%) 41 (75.9%)
Cardiovascular, mean (SD)
Aerobic fitness (mL/min/kg) 36 (8) 38(10)
Systolic blood pressure (mmHg) 118 (14) 118 (14)
Diastolic blood pressure (mmHg) 79 (9) 78 (8)
Work-related, mean (SD)
Sitting (% of work time) 89 (18) 90 (19)
Weekly working hours 38(3) 39 (4)
L eisuretime physical activity (hour s'week), mean (SD)
Low intensity 32(1.7) 33(1.7)
Moderate intensity 1.8(1.5) 19(1.6)
Vigorous intensity 0.3(0.8) 0.6 (1.3
Other, n (%)
Smokers 8 (7.5%) 6 (11.1%)
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Table 2. Changes from baseline to 10-week follow-up (N=160).

Variables Within-group differences from baseline to 10-week follow-up ~ Between-group differences from baseline to
10-week follow-up
Email group Control group Email vs Control P value
(n=106) (n=54)
Mean 95% CI Mean 95% ClI Mean 95% ClI
Cardiovascular
Aerobic fitness (mL/min/kg) 2.32 1.84,2.79 0.86 0.20, 1.52 1.45 0.64, 2.27 <.001
Systolic blood pressure (mmHg) —2.62 —4.32,-0.93 -1.04 -3.36,1.28 -1.58 —4.45,1.28 .28
Diastolic blood pressure(mmHg) —2.85 -3.90,-1.81 —2.17 -3.61,-0.74 —0.68 —2.45,1.10 45

Leisuretime physical activity (hour s'week)

Low intensity -0.15 -0.48,0.18 -0.15 -0.61,0.31 0.01 -0.57, 0.56 .98

Moderate intensity 0.00 -0.30, 0.30 0.03 -0.38, 0.45 -0.04 -0.55, 0.47 .89

Vigorous intensity 0.10 -0.05, 0.25 -0.04 -0.25,0.17 0.13 -0.12,0.39 31
Other

Weight (kg) -0.24 —0.60, 0.13 -0.12 -0.62, 0.38 -0.11 -0.73, 0.50 72

Body fat percentage (%) -0.44 -0.71,-0.17 -0.47 -0.85,-0.10 0.03 -0.43,0.49 .89

Table 3. Baseline characteristics of participants with low aerobic fitness in the email group and control group (n=56).

Variables Email group Control group
(n=38) (n=18)
Demographics
Age (years), mean (SD) 44 (11) 46 (12)
Height (cm), mean (SD) 170 (8) 166 (7)
Weight (kg), mean (SD) 76 (14) 71 (10)
Body mass index (kg/mz), mean (SD) 26 (5) 25 (4)
Body fat %, mean (SD) 33(7) 33(8)
Gender (women), n (%) 32 (84.2%) 15 (83.3%)

Cardiovascular, mean (SD)

Aerobic fitness(mL/min/kg) 28 (5) 28 (5)
Systolic blood pressure (mmHg) 119 (17) 119 (14)
Diastolic blood pressure (mmHg) 80 (10) 79 (8)

Work-related, mean (SD)

Sitting (% of work time) 85(22) 86 (18)
Weekly working hours 38(3) 38(3)
L eisuretime physical activity (hour s/week), mean (SD)
Low intensity 3.0(2.0) 3.0(2.0)
Moderate intensity 1.0(1.0) 1.0(1.0
Vigorous intensity 0.0 (2.0) 0.0 (0.0)
Other, n (%)
Smokers 5 (13.2%) 4(22.2%)
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Table 4. Changes from baseline to 10-week follow-up in participants with low aerobic fitness at baseline (n=56).

Variables Within-group differences from baseline to 10-week follow-up  Between-group differences from baseline
to 10-week follow-up
Email group Control group Email vs Control P value
(n=38) (n=18)
Mean 95% ClI Mean 95% ClI Mean 95% CI
Cardiovascular
Aerobic fitness (mL/min/kg) 2.80 2.04, 3.62 0.95 -0.15, 2.05 1.89 0.53,3.24 .008
Systolic blood pressure (mmHg) -3.19 -5.70, -0.68 1.63 -1.92,5.17 —4.81 -9.16, -0.47 .03
Diastolic blood pressure (mmHg)  -3.46 —4.99, -1.93 -0.79 -2.96, 1.37 -2.67 -5.32,-0.01 .04
Leisuretime physical activity (hour s'week)
Low intensity 011 -0.51, 0.72 0.00 —0.88, 0.88 011 -0.96, 1.18 .84
Moderate intensity 0.16 —0.25, 0.58 -0.06 -0.65, 0.54 0.21 -0.51, 0.94 .55
Vigorous intensity 0.00 -0.22,0.22 —0.06 -0.37,0.26 0.06 -0.32,0.43 a7
Other
Weight (kg) -0.81 -1.56, -0.07 0.33 -0.72,1.38 -11 —2.43,0.15 .08
Body fat percentage (%) -0.68 -1.16,-0.21 -0.14 -0.81, 0.54 -0.54 -1.37,0.28 19
Discussion for not participating. This seems to imply that important

Principal Findings

In the present study, email-based encouragements to do 10
minutes of daily stair-walks together with colleagues resulted
in 82.7% of the participants walking the stairs regularly, ie, at
least 3 times per week. Thisresulted inimproved aerobic fitness.
This fairly high adherence shows that email-based
encouragements to do daily stair-walks is a feasible way of
implementing vigorous physical activity among employeesin
sedentary occupations.

The intention-to-treat analysis showed that aerobic fitness
increased approximately 6% in the email group and 2% in the
control group. Because aerobic fitness is an independent
predictor of future cardiovascular disease [16,17], the results
of the present study may be relevant from a preventive
perspective. Although other studies using more comprehensive
exercise protocols have found larger improvement in aerobic
fitness [28], the simplicity and low cost of email-based
encouragements to do daily stair-walks add positively to the
arsenal of health-promoting initiativesto improve aerobic fitness
of adultsin sedentary occupations.

Most participants adhered to the email-based encouragement
todo daily stair-walks, with 83% performing at least 3 sessions
of 10 minutes per week, and a weekly average of more than 3
sessions, equivalent to 30 additional minutes of vigorous
physical activity per week. The major reason for not
participating as often as required was lack of time. Although
this observation is consistent with Kruger et al’s [29] genera
observation concerning participation in heath promotion
programs, we have no underlying knowledge whether the reports
reflect an actual lack of time or a more socially accepted way
to express a disinterest or even laziness. Interestingly, few
participants reported colleagues or the nearest |eader asreasons
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organizational circumstances were present and that the
email-based encouragements to do daily stair-walks were
generally accepted. Thus, afeeling of support from the employer
may be important to successfully implement physical exercise
by means of email-based encouragements at the workplace. The
high acceptance level is aso implied by the fact that almost
80% of the parti cipants stated that they wished to continuewith
daily stair-walking after the project.

For health promotion, the ACSM and the AHA recommend
moderate aerobic physical activity for at least 30 minutes on 5
days each week or vigorous aerobic physical activity for at least
20 minutes on 3 days each week [2]. However, many
working-age adults lack the time for being physically active
during leisure [7], and short bouts of physical activity at the
workplace have been suggested as a solution [8]. The present
study supports this notion and shows that email-based
encouragements to do daily stair-walks at the workplace with
colleagues can partly contribute toward reaching the
recommended weekly dose of vigorous physical activity.

The participantsin the subgroup with low fitness showed a 10%
increase in aerobic fitness over 10 weeks of email-based
encouragements to do daily stair-walks. This subgroup also
showed areduction in both systolic and diastolic blood pressure.
Thus, the health benefits of email-based encouragements to
increase physical activity appear to be higher among people
with low fitness. Importantly, even small changes in blood
pressure reduce the risk for cardiovascular mortality [30].

Adverse events in terms of knee or ankle/foot injuries directly
related to the daily stair-walks were reported by 2 participants.
Thus, a small risk for injury during stair-walks exists, which
should also be considered by companies and employees when
implementing such types of physical activity at the workplace.
Nevertheless, stair-walking appears to be arelatively safe type
of physical activity compared with different types of sports[31].
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Theintention of the weekly emailswasto encourage short bouts
of vigorous physical activity during the workday without the
need for changing clothes and subsequent showering. Heart rate
measurements clearly showed that the exercise intensity of
stair-walking was high with heart rate reaching an average of
167 beats per minute. Approximately 3 of 4 participants (72%)
did not experience sweating to a bothersome extent during
stair-walking. However, only 5% did not experience sweating
at al, whereas 23% experienced sweating to a bothersome
extent. This may limit the feasibility of stair-walking at the
workplacefor approximately one-quarter of individuals because
bothersome sweating may decrease motivation and require
additional time for bathing. Moderate-intensity physical
activities, for example, walking outside, which does not evoke
sweating provides similar health-protective effects as more
vigorous types of activity provided that the energy expenditure
isequivalent [32]. Moderate-intensity activities, such aswalking
outside, although more time-consuming, may be preferred when
sweating from vigorous activity is bothersome. Such activities
can also be organized using Internet technology and reminder
emails for the mutual benefit of employees and employers.

In the email group, 26% replied yes, 53% replied yes, maybe,
and 20% replied no to the question about whether they wished
to continue daily stair-walking after the research project. This
indicates a certain potential for long-term sustainability of
email-reminders to stimulate brief group-based physical
activities at theworkplace, but also showsthat not all employees
find stair-walking an attractive solution. Preferences and
avalable time should be considered when implementing
health-promoting physical activities at the workplace.

Strengths and Limitations

There are both strength and limitations of the present study.
The simplicity and low cost of email-based encouragements to
form groups with colleaguesto do physical activity strengthens
the potential for wide-scale implementation of the research
results at other companies. The randomized controlled design,
blinding of examiners, the high follow-up percentage, and the
low level of initiation of other physical activities during the
intervention period improves the validity of the present results.
The test methods were highly reliable over a 10-week period,
allowing for very precise estimates of theintervention. However,
because of the study design, participantswere not blinded. Also,
the risk of cross-contamination exists because all participants
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were from the same company. Based on the follow-up
guestionnaire, 7% of the participants from the control group
participated in the 10-minute stair-walks, which may have
dightly decreased between-group differences. Self-selection,
ie, due to ethical reasons only volunteers are included, is a
genera limitation of randomized controlled trials. Thus,
adherence may have been lower at the company level if all
employees were included. Further, because of the email-based
encouragement to form groups to do stair-walks, unknown
cluster effects may have occurred. Further, not all office
companies have accessible stairways, limiting the
generalizability of the present findings to companies with
accessible stairways. Finally, alimitation may bethat the present
study focused primarily on vigorous physical activity in terms
of email-based encouragements to do stair-walks, and not
specifically on breaking sedentary behavior several timesduring
the working day. Future studies should combine both aspects
(ie, reducing sitting time and increasing physical activity in
sedentary populations) because they present distinct risk factors
for adverse health outcomes [33]. Web or mobile applications
to remind the employees to break sedentary behavior after a
certain period, for example, every 30 minutes of continuous
keyboard typing or mouse use, may be devel oped and tested in
randomized controlled trials. Another target for future studies
may be to investigate the effect of different theory-based
motivators toward stair-walking (self-efficacy, goal setting,
action planning, etc). This could be combined with research in
delivering the encouragements in different ways (eg, emails,
websites, text messages, smartphones) or with different
frequencies (eg, daily, twice weekly, once weekly). Another
possibility could be to develop smartphone applications
interacting with the built-in 3D accelerometer of the phone to
activate the buzz function after a certain period of inactivity to
remind the employee to break sedentarism.

Conclusions

In conclusion, email-based encouragements to do 10 minutes
of daily stair-walks together with colleagues improve aerobic
fitness among office workers. The high adherence shows that
email-based encouragementsto do daily stair-walksisafeasible
way of implementing vigorous physical activity among
employees in sedentary occupations. The weekly duration of
stair-walking performed in the present study corresponds to
approximately half of the ACSM and AHA recommended
weekly amounts of vigorous physical activity.
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Abstract

Background: Evidence suggeststhat Internet-delivered cognitive behavioral therapy (CBT) may be as effective as face-to-face
delivery for depression, but attrition and engagement rates remain a challenge.

Objective: This service-based study aimed to evaluate an online, therapist-supported, CBT-based program for depression. The
program was specifically designed to address engagement issues, most notably by integrating online therapist support and
communication within the platform.

Methods: Participants were 80 adults who were registered university students. Participants used the modular online program
over 8 weeks, supported by atherapist. Engagement information was gathered automatically by the online system, and analyzed
for al participants. Severity of participants' self-reported symptoms of depression were assessed preintervention and postintervention
using the Beck Depression Inventory-I1 (BDI-11). Postintervention measures were completed by 53 participants.

Results. A high level of engagement was observed compared to a previous study within the same service, along with extensive
use of arange of program features. A statistically significant (P<.001) decreasein self-reported depressive symptomatol ogy from
preintervention (mean BDI-11 25.47) to postintervention (mean BDI-11 15.53) with alarge effect size (d=1.17) was &l so observed.
Conclusions: The results indicate the potential of unintrusive and easily provided online support to enhance engagement with
online interventions. The system described in the paper also illustrates how such online support can be tightly integrated with
interactive online programs by using arange of design strategies intended to improve the user experience.

(J Med I nternet Res 2013;15(6):e121) doi:10.2196/jmir.2248

KEYWORDS

Internet; user-computer interface; depression; cognitive behavioral therapy; patient adherence; onlineinterventions; guided online
program; online therapist support; user experience

: evidence-based treatment for their difficulties[1]. Thismay be
Introduction due to a number of factors, including stigma associated with
Background seeking help for mental health difficulties, alack of knowledge

about different treatment options, as well as logistical or fiscal
reasons. Computerized or Internet-delivered treatment programs
arethelatest and most innovative approach to improving access

Many adults experience depression in their lifetime, but a
relatively small number seek or receive effective or
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to psychological treatments for mental health difficulties,
including depression. A large number of programs have been
devel oped and evaluated to date, targeting avariety of disorders,
including depression, panic disorder, generalized anxiety
disorder, phobias, obsessive compulsive disorder, eating
disorders, and addictions[2]. Computerized programs have used
a variety of therapeutic approaches, athough cognitive
behavioral therapy (CBT) is the most common treatment
approach in such programs. CBT is perhaps particularly suited
to adaptation to a computerized medium because of its
well-structured protocol and clearly delineated activities and
homework exercises[3].

Existing Evidence Base

Theintegration of computerized interventions into mainstream
mental health services offers a number of benefits, including
the meansto increase capacity in mental health services, reduce
costs, and improve convenience to therapist and client [4,5]. In
addition, online interventions have the ability to surmount
geographical barriersaswell as barriers associated with stigma
that may prevent clinic attendance[6,7]. Not only isit important
to establish that computerized interventions do what they are
intended for, but it is also crucial that they are designed to be
engaging, usable, and acceptable to those who need them [§],
otherwise these factors may mask the effectiveness of the
intervention. Much of the literatureis concerned with 2 themes
of enquiry which are central to the development of aclinically
useful body of knowledge related to computerized
psychotherapeutic interventions.

Clinical Efficacy

The first theme relates to the actual clinical efficacy of the
computerized intervention. This line of enquiry seeks to
ascertain if completion of the intervention leads to any
significant increase in well-being or decrease in distressfor the
user. Typically, thismanifests as an outcome study that assesses
symptomatology and other clinically relevant variables
preintervention and postintervention. Results are promising; in
a comprehensive meta-analysis of the effectiveness of
Internet-based psychotherapeutic interventions, Barak et a [2]
reported a similar effect size to that expected with more
traditional face-to-face therapy. A review of the literature
concerned solely with depression tallieswith this[9]. Multiple
studies and meta-analyses conclude that computerized and online
psychotherapeutic interventions (most CBT-based) offer a
promising and potentially effective treatment of depression and
anxiety [6,7,10-12]. Many researchers highlight, however, that
caution is advised in generalizing these conclusions too widely
or too prematurely, and emphasi ze that more systematic research
isneeded to clearly delineate the precise factors that contribute
to the effectiveness of online and computerized interventions.
For instance, efficacy can vary according to factors, such as
level of therapist support, the presenting difficulty of the client,
the length of treatment, the age of the client, the media and
technology used to deliver the program, and the interactivity of
the program [2,6]. Even seemingly small differences among
programs and their delivery can haveimplicationsfor outcomes.
In particular, research suggests that even a minimal amount of
therapist support can increase the efficacy of an online or

http://www.jmir.org/2013/6/e121/
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computerized program [7,9], particularly in the treatment of
depression [5]. Some research suggests both supported and
unsupported online interventions may be effective [13,14]. A
recent meta-analysis of online interventions for depression
highlighted the superiority of supported interventions in terms
of outcomes, but noted that unsupported interventions may also
have auseful roleto play in treatment provision [15]. At present,
it seems reasonable to conclude that some form of support has
an added beneficial effect for program outcomes, but the
absolute necessity of therapist support, the optimum level of
such support, or its precise nature remains to be established
[5,13,15]. It isunclear which elements of the guidance or support
areresponsible for any observed benefits, with Andersson et al
[16] suggesting that positive reinforcement for work completed
by the client may be the most important contribution of the
person supporting the online intervention.

Engagement

The second theme of enquiry relates to the issue of how
engaging computerized interventions are and how willing clients
areto usethem asthey areintended. Related to this, researchers
have a so begun to examine the characteristics of theindividuals
most likely to both engage with and benefit from a computerized
intervention [1,17,18]. Although attrition from psychotherapy
isanissuethat affects services offered in more traditional ways
[19,20], it has been repeatedly highlighted asasignificant issue
in onlineinterventionsin both research and practice[14,21-23].
Thereareanumber of factorsthat may predict engagement with
and adherence to onlineinterventions, including factorsrelated
to the program itself and how it is delivered [2,23,24], as well
as characteristics of the program users, such as age, gender,
education, duration and severity of psychological distress, and
personal psychological factors [20,23-26]. To improve
engagement, anumber of researchers have successfully included
direct therapist support alongside the I nternet intervention, such
asmoativational interviewing and regular telephone conversations
with therapists[7,9], suggesting that human contact is vital for
achieving high levels of engagement. A meta-analysis of the
literature has suggested that although overall dropout ratesfrom
online programs for depression may exceed 50% [15], this can
be substantially reduced by the addition of someform of support
or guidance [14].

A Therapist-Supported Online Program

We can see from the literature that the efficacy of online
programs can vary as a function of delivery and context, and
that difficulties remain surrounding engagement and attrition.
This motivates development and exploration of innovative
strategies for improving engagement in realistic service
environments. To this end, we present an initial clinical
evaluation of a highly interactive therapist-supported
Internet-based intervention for depression, namely the Mind
Balance program. We report the engagement patterns of clients
using the therapist-supported program, and outcome data on
changesin self-reported depression symptomatol ogy following
use of the program.
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Program Content

Mind Balanceisa 7-module online CBT-based intervention for
depression, delivered on a Web 2.0 platform using media-rich
interactive content. The structure and content of the program
modules follow evidence-based principles of atraditional CBT
program, incorporating ideas from mindfulness. The content of
each module is described briefly in Table 1. Each module is
structured in an identical way and incorporates introductory
quizzes, videos, informational content, interactive activities, as
well as homework suggestions and summaries. In addition,
personal stories and accountsfrom other clientsareincorporated
into the presentation of the material.

Engagement StrategiesEmployed Within the Program

The Mind Balance program employs a number of innovative
engagement strategies for improving the user experience,
described subsequently. These features are also presented inthe
SilverCloud Platform Overview video (Multimedia Appendix
1). The design emerged from an extensive user-centered design
process and was refined through a number of formative
evaluations.

Personal

The client has their own secure home page (Figure 1), whichis
about who they are and where they are in the program. For
example, the client can fill in a profile with basic information
about themselves, such as age and interests. This establishes a
sense of ownership, and provides useful information for the
therapist, allowing them to provide feedback that is more

Table 1. Mind Baance: description of module contents.

Sharry et a

personal. The home page is intended to provide a reflective
space; the client can document their thoughts and feelings, and
these can be elaborated on within the journal application, which
also acts as the vehicle for therapeutic writing exercises. The
user has actions suggested to them, and as they complete
modules of the program, their achievements are noted. Users
are free to access the modules in any order they wish, in either
a linear or nonlinear manner, contributing to a sense of
empowerment. A range of satellite applications are provided
along with the central content, such asagoal-setting application,
which can be used independently of the program content.
Applications are rel eased asthe user goes through the program,
with the intention of maintaining engagement by introducing
new features over time and not overwhelming the client initially.
Clients can also control which applications appear on their home

page.

I nteractive

The program includes a number of interactive elements and
graphical exercises (an example is shown in Figure 2), which
are aimed at engaging clients with the therapeutic content, for
example, reflecting on their own thinking. Clients also havethe
ability to respond to content, indicating whether they like it,
and also to comment onit. Theclient isprovided withimmediate
feedback wherever possible; for example, when a charting
exercise, such as a mood chart, is completed, the application
item is graphically updated on the home page. Likewise, items
are ticked off on the to-do list when completed, and
achievements unlocked in each module summary.

Module name Brief description

Getting Started

Tune In 1: Getting to Grips with Mood

Tunein 2: Spotting Thoughts

Change It 1: Boosting Behavior

Change It 2: Challenge Your Thoughts

Change It 3: Core Beliefs

Bringing It All Together

Outlines the basic premise of CBT, some information about depression, and introduces some of the
key ideas of Mind Balance. Users are encouraged to begin to chart their own current difficulties with
depression.

Focuses on mood monitoring and emotional literacy. Users can explore different aspects of emotions,
physical reactions, action and inaction, and how they are related.

This module focuses on noting and tracking thoughts. Users can explore the connection between their
cognitions and their mood, and record them graphically.

This module focuses on behaviora change asaway to improve mood. |deas about behaviora activation
areincluded, and users can plan and record activities, and chart their relationship with their mood.

This module supports users to challenge distorted or overly negative thinking patterns, with thought
records, as well as helpful coping thoughts.

Thismodule outlinesthe role that deeply held core beliefs can play in mood and depression. Users can
use arange of interactive activities to identify, challenge, and balance any unhelpful core beliefs.

Users are encouraged to bring together all the skills and ideas they have gathered, note their personal
warning signs, and make a plan for staying well.
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Figure 1. Program home page.
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Figure 2. Example of an interactive exercise: thoughts, feelings, and behaviors.

Tools

My TFB Cycles

How-To... Read more

| New TFB Cycle || View Cycle

(2 Print paper version of the TFB Cycle

@ Cycle Name Getting the silent treatment from Jen
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Jen never texted me back

; g 2 P
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I need a job
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a OO‘

Behaviours
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q@\@ﬂ Rejection (8), worry (7)

W

Mood: rejection (4), worry (B)
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iy, iy
] Add to Home - Share

Supportive

Each client has an assigned therapist, who provides weekly
reviews of their progress on the program. This support is
asynchronous, whereby the therapist sets a date to review their
client’s progress, and they do not provide feedback, support, or
contact outside thistime. Thisis an important program feature
in terms of maintaining the therapeutic boundary in the online
space. The therapist can support multiple clients, logging in
once weekly for instance, and reviewing the work of al their
online clients within an allocated time period. Such
asynchronous online contact may be logistically easier to
implement for many services compared with motivational
interviewing and telephone support, and should be more
attractive to userswho are unwilling to have direct contact with
a service. The system supports the exchange of messages
between the client and therapist, but goes beyond email because
theclient isencouraged to sharetheir content (such ascompleted
exercises and comments) with their therapist (see Figure 2).
This shared content allows the therapist to respond in a more
personal way and provide guidance as well as encouragement
to keep using the program. Adherence information is also

http://www.jmir.org/2013/6/e121/

RenderX

availableto the supporter, and they can keep track of theclient’s
progress. Thisis all personally sensitive information; for this
reason, a shared view is provided in the client interface where
they can see the therapist’s view of their data. By making the
visibility of their datato the therapist more transparent, as well
asthe ability to explicitly change the sharing status of data, the
client is provided with a greater sense of control while
facilitating a meaningful interaction with the therapist.

Social

Although group therapy and peer group support are well
established, introducing contact with other clients within any
online system raises anumber of ethical concernsregarding the
possibility for unhelpful or negative content or communications.
Asafirst step, the client can see anonymousindications of other
people in the system. The intention is to reassure clients that
they are not aone in experiencing difficulties and that many
other people have experienced similar problems and overcome
them. Users can respond to content by indicating that they “like”
it, and can see how many other peopleliked it, helping to reduce
the sense of isolation. More detailed shared content (such as
tips and ideas) is subject to therapist moderation.
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A key innovative aspect of the program is the way in which
these different strategies are combined within the overall design.
For example, the interactive features of the program generate
content which can be shared with the therapist (enhancing the
quality of feedback which can be provided), and in some cases
with peers (further enhancing the experience of other users).

Methods

A service-based design was used to assess engagement with the
Mind Balance program delivered by the mental health service
of an Irish university (Trinity College, Dublin). As a first
exploratory trial, it was felt that a service-based design would
beinformative regarding the potential of the program to engage
clients, provide initial evidence regarding the potential
effectiveness of the treatment, and establish the feasibility of
incorporating low-intensity online therapist support in a
real-world environment. Part of the appeal of the program to
this population was expected to be the relative anonymity of
the online mode of delivery; therefore, face-to-face contact was
not required to sign up for the program. The protocol for use
was kept as close as possible to the actual practice for use of
online interventions within the service; this degree of fidelity
was borne out by the subsequent incorporation of the program
into the day-to-day practice of the service following the same
protocol. Client log-ins and use of program features were
automatically monitored. Changes in symptoms of depression
were also assessed through measures taken before and after use
of the program. Ethical approval was secured from the Research
Ethics Committee of Trinity College prior to the study.

Recruitment

Participants wererecruited in 2 ways asthe program wasrolled
out, in parallel with the usual practice of the counseling service.

Self-Sign-Up

Recruitment began in January 2011, with all first- and third-year
students emailed through the university emailing system to
inform them of the opportunity to receive thisonlineintervention

as part of aresearch study. In September 2011, all fourth-year
and postgraduate students were similarly emailed. Finally, in

Sharry et a

January 2012, al first yearswere again emailed to inform them
of this opportunity. Thisrolling recruitment model was used to
manage the numbers of students simultaneously availing of the
intervention because of limited therapist resources. Specific-year
groups were chosen at various times based on existing records
of service engagement patternsin the student counseling service.
Participants were informed that they would be required to
register with the student counseling service in order to avail of
the program. Interested students were instructed to follow a
Web link embedded in the text of the email and were directed
from there to the sign-up page. Students could also access this
Web link from the University’s online mental health portal.
Once anindividual had navigated to the sign-up page, they were
presented with a comprehensive information sheet and an
electronic consent form. Following confirmation of informed
consent, students were required to complete the preprogram
measures el ectronically and were then free to explore the online
program as they wished. Postintervention measures were sent
out automatically after completion of the final review.

Directly Added by Face-to-Face Therapist

A number of participants were referred directly to the program
by staff in the counseling service. Those receiving face-to-face
therapy in conjunction with the program were excluded from
the research sample.

Participants

Participants were 80 students who identified themselves as
having an existing difficulty with low mood, mean age 23.29
years (SD 4.84) and 69% female, who were all part of the
population supported by the student counseling service. All of
the participants were registered students. Demographic details
for the main and subsample are detailed in Table 2.

Inclusion criteria were as follows: (1) at least 18 years of age,
(2) having at |least self-reported mild symptoms of depression
with a Beck Depression Inventory-11 (BDI-11) score =14, and
(3) have received no face-to-face therapy since program
commencement. A breakdown of how this final sample was
reached through exclusions from the initial sampleis provided
in Figure 3.

Table 2. Demographic details of the sample and subsample for pre-post analysis.

Group Age, mean (SD) Agerange Male, n (%) Female, n (%)
Overall sample (N=80) 23.28 (4.84) 18-46 25 (31%) 55 (69%)
Pre-post subsample (n=53) 22.69 (5.17) 18-46 13 (25%) 40 (75%)
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Figure 3. Exclusion pathway to determine sample and sub-sample.

Sharry et a

* Includes all those who signed up for program h
* 96 recruited via self-sign-up
® 43 recruited via therapist y
* 26 participants who scored “severe” in BDI-Il were assessed for suitability )
* 3 participants declined interview and were excluded
* 3 participants choose not to use Mind Balance after interview )
~
* Those with BDI-Il score in “minimal” range excluded from the research sample but
permitted to complete program with therapist support (n=18)
J/
3\
* Those receiving face-to-face therapy in conjunction with the online intervention
excluded from the research sample (n=35). Final research sample for analysis of
engagement data, N=80 )
N
* 27 participants did not complete postintervention measures. Final research sample
for analysis of date related to symptomatology of depression, n=53

Ethical Considerations

Telephone and email contact details for support services
(including the counseling service, public emergency services,
and relevant non-government organizations) for crises or
out-of-hours emergencies were provided to users in the “help
now” section of the website, which was visible at all times
regardless of the page the user had navigated to. Any individual
who scored 29 or more on the BDI-11 or who scored 2 or more
on BDI-II item 9 (suicidality) in their online screening was
automatically alerted that a counselor would get in touch with
them. They were telephoned within 1 working day to invite
them for an interview, and contacted by email if they could not
be reached by telephone. The screening interviewswere carried
out by a counseling psychologist and focused on the client’s
own description of the problem, including duration of the
problem and their understanding of the causes, their psychiatric
or mental health history, current alcohol and drug use, current
health and functioning (sleeping, eating, attending lectures,
keeping up with commitments, etc), and current support
network. A clinical decision was made on the basis of this
assessment in relation to whether the client could go ahead and
use the online program on a standalone basis. Alternatively, it
was recommended that they attend face-to-face counseling
instead of or in conjunction with the online program. Three
clientsdeclined to attend for interview and were excluded. Three
others chose not to use the program following theinterview and
were excluded. Those receiving face-to-face therapy combined
with the program were not included in the research sample
presented here. Although the primary concern was client safety,
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the approach taken was one which would be applied in the
normal practice of the service.

M easures

Engagement

The online system collected anonymized descriptive information
relating to engagement and usage. Data collected included the
number of sessions compl eted, mean time spent on the program,
average number of sessions per client, and average length of a
session. A session was defined as an instance when a client
logged on to the system. Session time estimation will always
be an imperfect calculation because users may be interrupted
or take breaks within a session, and may not formally log out
of the system. All client activity within the system, such as
reading a content page, saving a journal entry, or updating an
activity, was logged with a time stamp. Starting with the log
entry of the client logging on, the total time was calculated by
adding up the time that elapsed between each subsequent log
record. On its own, this yields a result vulnerable to
overestimation of session time. To avoid counting periodswhen
the user was not actively engaged with the system, any
interactions taking longer than 30 minutes were counted as 1
minute. Any period of inactivity longer than 3 hours started the
count on a new session, rather than extending the time of the
current session. Use of different program components was al so
measured. Datarelated to therapist reviewswere al so collected.
In the interests of examining engagement and usage patternsin
afair and meaningful way, all 80 participants were included in
that analysis regardless of whether or not they had completed
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the BDI-1I postintervention. Dropout is analyzed in terms of
the last time a participant used the system.

Symptomatology of Depression

The BDI-Il was used to assess the severity of self-reported
symptomatology of depression preintervention and
postintervention. Cut-off scores suggested for the BDI-II are
minima symptoms; 0-13; mild symptoms. 14-19; moderate
symptoms:. 20-28; and severe symptoms. =29 [27]. Reliability,
validity, and test-retest reliability have been established across
various populations and cultural groups[27-31].

All data were collected and stored electronically on a secure
server.

Program Delivery

Following initial sign-up, clientswere assigned atherapist who
would support them online. This happened automatically and
randomly in the case of those clientsrecruited via self sign-up.
Inthe case of those who signed up following arecommendation
by aface-to-face therapist, the same therapist was assigned as
their online supporter. While the program suggested that clients
complete 1 module per week, clients were free to dictate the
pace and order of their work. Therapists were asked to provide
7 weekly reviews of each client’s work. Allowing for 1 final
session for the client to consider the final review, this
correspondsto atarget of 8 sessions per client, and also matches
the target of 8 sessions in the program previously used within
the service evaluated in Richards [32]. The service scheduled
1 hour per week for the 6 participating therapists to complete
their Mind Balance reviews. The program content wasidentical
for each client, but each therapist was free to provide reviews
congruent with their own therapeutic persuasion. Therapists
were given training and a treatment manual containing a broad
guide of how to respond in their reviews (supporting progress,
giving encouragement, specific feedback on activities shared),
but could be flexible if they wanted to add to this. For the most
part, this was only expected to happen when the users shared
large amounts of persona content. In these cases, therapists
were advised that this was not email counseling, and so very
lengthy detailed responses were not advised. A dashboard
interface was provided to therapists that gave an overview of
their clients and the overall level of engagement of each, with
additional detailed engagement information and shared data
available for each client. In the interests of transparency, this
information was available to clients under a*“ shared” tab in the
interface. When the client was not engaging with the system,
more generic messages could be used, and a template system
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was provided to facilitate this. All therapists held postgraduate
qualifications and consisted of 3 counseling psychologists; 1
CBT therapist; 1 marriage, family, and child counselor; and 1
psychotherapist. Clients were informed at each review of the
precise date for the next review. If the therapist wished, they
werefreeto continueto provide reviewsfor their client past the
seventh recommended review, if they saw this as clinically
justified, again with the aim of allowing anatural service-based
pattern of use. Email technical support was available to both
clients and therapists.

Results

Engagement

Figure 4 illustrates the level of engagement with the program
for the overall sample (N=80). This graph depicts the number
of users who were engaged at a given week or later, and
conversely the week at which users dropped out. Looking at
the graph, it is evident that relatively few users dropped out in
the initial weeks of the program, and 79% were engaged at the
target week 8 or later.

Table 3 presents key descriptive statistics relating to program
usage. An examination of the log data reveals that 50% of
reviews were read by the recipient (client) within 24 hours.
Therapists reported that reviewing a client’s work took 10 to
15 minutes per review on average, varying by the degree of
engagement and content shared. The template feature allowed
therapiststo quickly send more generic encouragement to clients
not logging in to the program.

Viewing the engagement data by BDI-II category (Table 4),
clientsin the severe category spent more time on averagein the
program than clients in the mild and moderate categories. A
demographic breakdown of those reaching the target of 8
sessionsis presented in Table 5.

Usage of different program features is illustrated in Figure 5.
These refer to the percentage of clients sending notes to the
therapist, sharing content with the therapist, viewing the
therapist review, commenting on the content, performing a
charting exercise, completing a psychoeducational quiz, setting
a goal within the goal-setting tool, giving feedback on what
they thought of a module, entering their own take-home point,
“liking” content, sending brief updates viashort message service
(SMS) text messaging, writing within the journal, making brief
updates from the home page, filling in the backup and support
network, and filling in personal information in the profile.
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Table 3. Usage statistics for overall sample (N=80).

Statistic description Mean (SD) Range

Time (minutes.seconds)

Length of time per session 11:35 (18:00) 0:00-125:11

Total time spent on program 151:09 (141:48) 0:00-712:09
Sessions

Number of sessions per user 11.95(9.79) 1-53
Reviews

Number of reviews per client 74 (4.2 2-33

Table 4. Usage by Beck Depression Inventory-I11 (BDI-I1) category for the overall sample (N=80).

BDI-II category Mild (n=19) Moderate (n=41) Severe (n=20)
Time (minutes:seconds), mean 120:33 132:43 231:37
Sessions, n 9 10.6 18

Target of 8 sessions, % 47 54 95

Table 5. Demographics of session target completers and noncompl eters.

Number of sessions Age (years), mean (SD) Agerange Male, n (%) Female, n (%)
>8 sessions 226 (5.1) 18-46 13 (26%) 37 (74%)
<8 sessions 245 (4.9) 18-34 12 (40%) 18 (60%)

Figure4. Dropout of clients over time.
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Figure5. Client usage of program features.
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Thereliability of the BDI-I1 was assessed using Cronbach alpha
and was found to be in the acceptabl e range for both the overall
sample (N=80) and the subsample (n=53), being Cronbach
alpha=.78 and Cronbach a pha=.79, respectively. Thisindicates
satisfactory interna reliability for the BDI-II for the present
sample. Table 6 presentsthe mean BDI-11 scoresfor the present
sample both preintervention and postintervention, as well as
results of the repeated measurest tests of difference.

As illustrated in Table 6, results indicate a statistically
significant (P<.001) decreasein symptomatol ogy of depression,

as assessed by the BDI-Il, from preintervention to
postintervention. Cohen’sd was calculated asd=1.17, suggesting
a large pre-post effect size for BDI-II [33]. An independent
samples t test revealed no significant difference between
preintervention BDI-Il scores of those who completed
postintervention measures (n=53) and those who did not (n=27),
t,g=—0.382, P=.70. Table 7 outlines the number and percentage
of participantsin each category of severity of symptomatology
preintervention and postintervention for the subsample (n=53)
only. Postintervention, 74% of participants' (n=39) BDI-II
scores had reduced and placed them in a lower category of
severity (eg, from moderate to mild) than that suggested by their
preintervention BDI-I1 score.

Table 6. Comparison of BDI-II scores preintervention (pre) and postintervention (post) and repeated measures t test.

BDI-II score Pre, mean (SD) Post, mean (SD) tsy P value
Overall sample (n=80) 25.71 (7.80) — — —
Subsample (n=53) 25.47 (7.95) 15.53 (9.06) 7.70 <.001
No post-BDI (n=27) 26.19 (7.64) — — —

Table 7. Participantsin each severity category preintervention and postintervention (subsample only).

BDI-II category (score range)

Preintervention, n (%)

Postintervention, n (%)

Minimal (0-13) 0(0)

Mild (14-19) 13(25)
Moderate (20-28) 23 (43)
Severe (29+) 17 (32)

28 (53)
7(13)
11 (21)
7(13)
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Discussion

Engagement

Poor treatment adherence and dropout have been repeatedly
highlighted in the literature as significant issues to overcome
inthe delivery of Internet interventions[20,21]. Looking at the
present study, it is evident that dropout for this interactive
therapist-supported program is gradual up to the end of the
supported treatment period. Viewing dropout in terms of the
number of participants not engaged at session 8, the dropout
rate for the present study stands at 37.5%. This compares
favorably with the reported dropout rate of 74% for an
unsupported program [32]. Given that the interventions were
delivered in the same setting and with asimilar population, this
implies that delivering online programs incorporating online
therapist support may enhance engagement and completion
rates. Thisconcurswith previousresearch [23,24] that suggests
characteristics of program delivery, such as the presence of
therapist support, may significantly influence client engagement
with online programs. As a further point of reference, internal
statistics within the service put average session attendance for
face-to-facetreatment at 3.49 and 3.73 sessionsover the 2 years
that this study took place. Approximately 12% of clients
attended for 8 sessions or more.

On the demographic breakdown, we must note that this is a
relatively homogeneous population compared with what may
be seenin other environments. The student popul ation supported
by the service has a mgjority of women (59% in 2010/2011),
and the greater number of women signing up for the program
mirrors the use of the service generally. The incidence of
depression also differs by gender. The size of the sample for
male participants precludes us from making any statements
regarding the lower number of males completing the target, but
this issue would be worth investigating in future studies.

We can see from Figure 5 that key features regarding therapist
support, such as sharing, therapist notes, and therapist reviews,
were used by most users. However, social features, such asthe
like button, also received significant numbers of users, and the
progress point, take-home point, and goal-setting features, which
required more active participation, were also used by many
users. The SMS text messaging feature that allowed users to
make brief updates via mobile phone was only used by 7 of 80
users (9%). The Mind Balance program did not place emphasis
on these updates, and further work is needed on how best to
integrate mobile support into this type of intervention. Another
interesting direction for analysis would be to investigate the
relationship between viewing the content of particular modules
and usage of the other features of the program. Overall, we can
see from this data that the interactive features of the program
were used to a significant extent, and that the system was not
used simply as amultimedia delivery medium. Features within
the program intended to improve engagement cover many, but
not al, of the persuasive framework elements presented in
Kelderset a [34]. Assuch, there arefurther design opportunities
to be explored within this form of intervention, particularly in
the area of socia support.
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Therapist Support

The primary aim of onlineinterventionsisto maintain clinical
gains while reducing the amount of therapist time required per
client. It isworth reflecting on the precise nature of the support
needed to maintain an optimum pre-post clinical effect aswell
as satisfactory completion rates [5]. A number of studies have
used therapist support that is reasonably time consuming (eg,
motivational interviewing or weekly telephone calls), which
may counteract some of the benefits of using online
interventions. Even for low-intensity interventions using
telephone support in which the overall amount of therapist
contact time is similar (eg, 64 minutes [35]), it can be argued
that the overhead in the online caseislikely to belower because
of thelack of scheduling problems, and the flexibility available
to the therapist in terms of when to perform the reviews. The
system integrated therapist support into the same online space
to maximize efficiency and ease-of-use for the therapist, while
still maintaining the clinical benefits of therapist input. Thefact
that pre-post outcome effect size and completion rates for the
present study were satisfactory despite using a relatively low
level of therapist input is encouraging. Investigating the
cost-effectiveness of thisform of support would be aninteresting
direction for future work.

The nature of the support given by the therapist also deserves
further exploration. Taking persuasive technology as
encompassing both direct interaction with a computer system
and computer-mediated communication [34], thereisaneed to
explore and validate modelsfor Internet interventions [36] that
are useful for design and that encompass this human support.
An initial theoreticad model for human-supported eHealth
i nterventions has been proposed by Mohr et al [37] that provides
a number of testable hypotheses. This model also generates a
number of useful suggestions regarding the nature of the support
or coaching provided to clients. Exploring and refining such a
model together with emerging best practice surrounding this
program constitutes a promising direction for future work.
However isolating the effects of a large number of
interdependent program features is a significant challenge and
motivates the development of new approaches that leverage
finer grained analysis of usage data. Qualitative exploration of
the issues surrounding the perception of a therapeutic
relationship with both the system and the supporter, and the
most appropriate forms of feedback would aso be valuable.
Previous work suggests the impact is spread across severa
factors that both reduce and enhance engagement [38].

Outcomes

A main focus of the development of the program wasto improve
client engagement; therefore, the outcome data are encouraging,
with a significant reduction in depressive symptomatology
following program completion, with a pre-post effect size
estimate of d=1.17. This concurs with the current body of
literature, which does suggest a reasonably robust pre-post
outcome effect size for online CBT-based interventions[7]. As
Andersson and Cuijpers [9] point out, it is important to
distinguish between interventions that are therapist supported
and those that are not when estimating efficacy. Pre-post clinical
outcome effect sizesfor therapist-supported programs have been
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estimated at d=0.61 and d=1.0 in meta-analyses by Andersson
and Cuijpers [9] and Spek et a [7], respectively. Thus, the
pre-post effect sizes for the present study are consistent with
those found with existing comparable interventions.

Recruitment

Recruitment for the study also illustrates the appeal that online
interventions may have for someclients. All studentsareeligible
for free face-to-face treatment, but the offer of online treatment
led many people with clinicaly significant symptoms of
depression to make contact with the service for the first time.
Thissuggeststhat therapi st-supported onlineinterventions, such
asMind Balance, may attract peoplewho arereluctant to engage
with face-to-face treatment; hence, improving access to
psychological interventions for those in need of them.

Limitations

The findings of the study are promising, but they should be
interpreted with caution. Although the resultswere statistically
significant, the modest sample size motivates continued
long-term data gathering. Further replication of the research is
also needed. Similarly, the absence of a control group does not
allow usto draw specific conclusions with regards the efficacy
of the program in rel ation to spontaneous symptom improvement
[39]. As arepeated measures experiment, care should also be
taken when comparing to independent group effect sizes [40].
A further controlled study should a so examine the maintenance
of gains at follow-up, as this was a further limitation of this
initial study. Given the service-based nature of the study, clients
included those who had contact with the service before
commencing the program, which is an additional potential
confound. However, in terms of representing a realistic client
mix, thisis a group that needs to be supported by the service,
and for whom online treatment options should be available.

The study did not automatically exclude potential participants
who reported symptoms of depression in the severe range.
Although this results in a sample that may differ from that in
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several comparable studies, it mirrors a service-based pattern
of use. The level of engagement with the program exhibited by
this group was high, and together with the positive outcome
data, suggests that clients along the full span of the symptom
severity spectrum may benefit from supported online programs.
This service-based study provides an example of how online
interventions may be used and fit in with existing mental health
services in this setting. The program is now embedded within
the day-to-day practice of the service, following the same
procedure described here, illustrating the ecological validity of
the deployment within the study. Knowledge gained through
the study has also been fed into the development of a more
detailed treatment manual for supporters to be used in future
trials. All data related to time spent on the program, modules
viewed, exercises completed, and so on were collected
electronically. This ensured a high level of accuracy in
determining the level of system usage because there was no
reliance on self-reports of time spent on the program.

Conclusion

Inthis paper, we have presented astudy of anew and innovative
program for online CBT integrating arange of featuresintended
to increase client engagement. Both client and therapist users
were able to use the system successfully, and they made use of
arange of program features. The findings suggest that a low
level of asynchronous online therapist support is a promising
avenue for the development of online interventions, when
appropriately integrated into the delivery of the online
intervention. As a new mode for delivery of online guided
self-help, it contributes to the exploration of the optimum level
and nature of therapist input needed to achieveclinical gainsin
an accessible manner and provides an indication of the many
possibilitieswithin the design space for such systems. It strongly
motivates exploration of issues of clinical efficacy within a
service-based randomized controlled trial and of the potential
effectiveness of thisform of interactive delivery for other types
of intervention.
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Abstract

Background: Lifestyle modification is the most important factor in the management of obesity. It is therefore essentia to
enhance client participation in voluntary and continuous weight control.

Objective: Theaim of this study was to devel op an obesity management ontology for application in the mobile-device domain.
We considered the concepts of client participation in behavioral modification for obesity management and focused on minimizing
the amount of information exchange between the application and the database when providing tailored interventions.

Methods: An obesity management ontology was developed in seven phases. (1) defining the scope of obesity management, (2)
selecting afoundational ontology, (3) extracting the concepts, (4) assigning relationships between these concepts, (5) evaluating
representative layers of ontology content, (6) representing the ontology formally with Protégé, and (7) developing a prototype
application for obesity management.

Results: Behavioral interventions, dietary advice, and physical activity were proposed as obesity management strategies. The
nursing process was selected as a foundation of ontology, representing the obesity management process. We extracted 127
concepts, which included assessment data (eg, sex, body massindex, and waist circumference), inferred data to represent nursing
diagnoses and eval uations (eg, degree of and reason for obesity, and success or failure of lifestyle modifications), and implementation
(eg, education and advice). The relationship linking concepts were “part of”, “instance of”, “derives of”, “derives into”, “has
plan”, “followed by”, and “ hasintention”. The concepts and relationships were formally represented using Protégé. The evaluation
score of the obesity management ontology was 4.5 out of 5. An Android-based obesity management application comprising both
agent and client parts was devel oped.

Conclusions: We have developed an ontology for representing obesity management with the nursing process as a foundation
of ontology.

(J Med Internet Res 2013;15(6):€130) doi:10.2196/jmir.2512

KEYWORDS
obesity management; ontology; nursing process
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Introduction

Overview

Advancements in socioeconomic status and lifestyle changes
in Korea have led to an increasing number of obese people and
aconseguent increase in theimportance of obesity management
to prevent illness and promote health among the population [1].
There has been an emphasis on the development and
implementation of various programs to help clients who wish
to manage obesity effectively. Since lifestyle modification is
the most important aspect of obesity management, such
programs must be able to enhance the client’s participation in
voluntary and continuous weight control [2-4].

This study investigated two strategies for empowering clients
to effectively manage their obesity: (1) use of mobile devices,
which are now an integral part of everyday life in many
countries [5], and (2) use of evidence-based knowledge. It is
important to provide anursing service whenever aclient requires
it, without time or space limitations, and especially for aproblem
such as obesity that requires continuous self-monitoring.
Previous research has demonstrated that mobile devices such
as smartphones are very effective tools for self-monitoring in
obesity management [6,7]. In addition, mobile devices allow
usersto input and communicate datain real time, regardless of
their physical location [8].

Some clientslack knowledge regarding how to manage obesity,
and the information provided through mobile devices should
be based on the available evidence. The best sources for
evidence-based knowledge are published clinical practice
guidelines. The content for obesity management should vary
with the health behavior and diet patterns of theindividual client.
The effectiveness of obesity management can be improved if
time-stamped behavioral dataare collected and tailored coaching
is provided remotely, based on published clinical practice
guidelines, using mobile devices[2,9].

Since these guidelines are written in natura language, it is
necessary to trandate them into acomputer-interpretable format.
Ontology is a computer-interpretable knowledge model for
formalizing and representing shared concepts in a specific
domain of interest. It is considered to be ahighly effective way
of improving the integration, interoperability, and sharing of
data. Moreover, the enhanced reusability of clinical data and
evidence-based knowledge support clinical decision making by
explicitly defining and delivering semantic conceptsin aspecific
domain [10-12].

Background

This project is a part of the Health Avatar Project in Korea,
which promotes health and manages health problems using
personal dataand knowledgein virtual space. The health avatar
consists of an agent avatar, which is a representation of the
expert knowledge or published knowledge (such as clinical
practice guidelines), and aclient avatar, which isarepresentation
of personal datafrom molecular to community levels(Figure 1).
The health avatar collects data from the client avatar and
provides it with tailored care solutions based on the personal
data and knowledge or evidence provided by the agent avatar.

http://www.jmir.org/2013/6/€130/
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The client avatar collects and sends personal data to the agent
avatar. Upon receiving that personal data, the agent avatar makes
judgments and provides the client avatar with tailored
recommendations.

The obesity management application is atype of health avatar.
The client avatar can be represented by data such as weight,
height, abdominal circumference, physical activity, and diet,
whilethe agent avatar can be represented by the clinical practice
guidelines published by the National Institute for Health and
Clinical Excellence (NICE). Persona data such as weight and
height, and tailored recommendations, alarms, or reminders
such as* educate about low-calorie diet” aretransferred between
the client and agent avatars. The front end serves as a user
interface to collect these personal data and display tailored
recommendations suggested by the agent avatar.

Objectives

This study considered two objectives during the devel opment
of the obesity management ontology. The first objective wasto
identify concepts related to client participation in behavioral
modification for obesity management, since it is important to
identify the factors that motivate and encourage participation
in the process. The possibility of using the nursing process as
afoundation of ontology was explored, since that processis a
patient-focused clinical reasoning method for nursing problems,
and each phase of the nursing process emphasizes the active
participation of the client [13]. The second objective was to
minimize information exchange between the application and
the database when providing tailored interventions. The obesity
management application program developed in this study
operates on a platform that requires real-time, two-way data
communication with the database, storing an enormous volume
of individua life-log data. In addition, thisapplication program
could ultimately share the database and platform with other
health care management services, such asthose for diabetesand
dydipidemia. Thus, it is important to distinguish between the
types of dataused in different phases of the serviceto minimize
data communi cation between the database and the application.

With this background, aclinical practice guideline-based obesity
management ontology was developed by identifying the
concepts and relationship between concepts according to the
nursing process, using ontology development methods that are
used in the biomedical arena. In addition, concepts describing
client participation in the application program, which is the
most important aspect of obesity management, were identified
and reflected in the ontology, and finally, the ontology was
evaluated.

Methods

Overview

An obesity management ontology was developed using the
General Formal Ontology method [14], which comprises seven
phases: (1) defining the scope of obesity management, (2)
selecting a foundational ontology, (3) extracting the concepts,
(4) assigning rel ationships among these concepts, (5) evaluating
representative layers of ontology content, (6) representing the
ontology formally using Protégé (an open-source ontology editor
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and knowledge-based framework), and (7) developing a
prototype Android application for obesity management.

Defining the Scope for Obesity M anagement

To determine the scope of obesity management services for
adult clients, a guideline developed by NICE [15] was
referenced as an evidence-based clinical practiceguideline. This
guideline was chosen because there is a version for
patients/clients. Five experts (1 physician who cares for obese
patients, 2 nurses who have participated in obesity-related
research for over 2 years, and 2 informatics nurses with more
than 5 years of work experience) participated in this process.
Intervention strategies were selected from the guideline using
a consensus method.

Selecting a Foundational Ontology for Obesity
M anagement

We reviewed top-level ontologies such as Basic Formal
Ontology and a theoretical framework to determine the most
appropriate foundational ontology for obesity management,
thus minimizing errors during the creation of adomain-specific
ontology [10,16,17]. The first criterion used for selecting a
foundational ontology waswhether it meetstwo of the purposes
of an obesity management ontology: (1) enhancing client
participation and (2) minimizing rea-time data traffic when
providing client-specific interventions. The second criterion
used was whether it can be used as a basic framework when
trandlating text-based guidelines into computer-interpretable
knowledge [10,12]. An initial ontology was constructed
according to the information types used during the care process
for obesity management. This initial ontology was elaborated
using concrete concepts extracted in the next phase.

Extracting Concepts From the Guidelines on Obesity
M anagement

The concepts needed to assess the client, make a diagnosis,
determine client-specificinterventions, and evaluate the outcome
of those interventions within the scope of obesity management
were extracted. These conceptsincluded those used to represent
not only persona information but also client-specific
interventions from the guidelines based on personal data. This
phase considered the concepts needed to enhance the client
participation, together with ways to operationaize those
concepts.

Assigning Relationships Among These Concepts

The extracted concepts were specified as classes, individuals,
and relationships between classes and individuals in order to
define the obesity management ontology according to the
foundational ontology determined in the second phase[18]. The
“OBO relationship ontology of the Open Biologica and
Biomedical Ontologies’ (OBO) [19,20] and the linkage concept
hierarchy of SNOMED CT (Systematized Nomenclature of
Medicine Clinical Terms) were referred to when defining the
relationships.
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Evaluation of Representative L ayer s of Ontology
Content for Obesity Management

The content of the obesity management ontology was eval uated
using scenarios via peer-review by 3 ontology and domain
experts [12,21,22]. This was a necessary modeling process to
evaluate the quality and consistency of the ontology [23]. We
evaluated whether the selected foundational ontology was
sufficiently valid to represent the obesity management ontol ogy.
In addition, we determined whether the obesity management
ontology developed with concepts extracted from clinical
practice guideline was representative of the conceptsidentified
from real clinical cases. Representation/semantic-layer
evauation criteria were used as one of the basic interna
dimension evaluations. Nine-item Likert scales with 5-point
scores (from “strongly agree” to “ strongly disagree”) were used
as evaluation tools. The nine items were as follows. match
between formal and cognitive semantics, consistency (no formal
contradictions), clarity (context and background knowledge),
explicitness (understanding the concept semantics),
interpretability (formal, informal, logical specification, and
documentation), accuracy (fit between ontology and corpus
terms), comprehensiveness (extent of the target domain
covered), granularity (fine-grained coverage vsloose coverage),
and relevance (for users) [22]. Three experts with experience
in ontology development participated in the evaluation, with
five case studies on obesity management published in Korean
used as cases for evaluation [24,25].

Formal Representation of the Ontology With Protégé

The extracted concepts and rel ationships were formalized using
Protégé. The feashility of the representation of the
nursing-process ontology based on Protégé was assessed.

Development of a Prototype Application for Obesity
M anagement

A prototype application was developed based on an obesity
management ontology incorporating the two key features of
client participation and minimizing information exchange
between the application and the database.

Results

The Scope for Obesity M anagement

The clinical practice guidelines on obesity reported by NICE
(2006) [15] include lifestyle interventions, behavioral
interventions, physical activity, dietary advice, pharmacol ogical
interventions, and surgical interventions as strategies for the
management of overweight and obesity. In this study, lifestyle
interventions, behavioral interventions, physical activity, and
dietary advice were proposed as obesity management strategies.
With respect to behaviora interventions, keeping a diary of
physical activity and diet, and cognitive restructuring such as
realistic goal setting were included according to the scope and
sustainability of clients’ behavioral change. Pharmacological
and surgical interventionswere excluded because these strategies
cannot be self-managed by clients, as they require the
intervention of a health care provider.
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A Foundational Ontology: the Nursing Process

The nursing process met the requirements of promoting client
participation and minimizing data transactions between
databases and the obesity management application in this study.
The nursing process comprisesfive cyclical phases: assessment,
nursing diagnosis, outcome identification, implementation, and
evaluation. The nursing process as a framework for nursing
practice is a systematic, patient-centered, and goal-oriented
method with the following phases: (1) identifying client status
and need, (2) making nursing diagnoses based on the available
client data, (3) determining the expected outcome for anursing
problem for the client, (4) determining and implementing the
best nursing interventions to reach the goal, and (5) evaluating
whether the expected outcome has been reached. This
framework was selected as a foundation of ontology because it
describes well both the obesity management process and the
client participation therein. In obesity management, the expected
outcome is determined by the clients, the evaluation is
performed repeatedly to determine whether the outcome has
been reached, and the tail ored best intervention isimplemented
to reach expected outcomes based on the client’s assessment
data

Figure 2 illustrates the nursing process used for obesity
management as a foundation of ontology. The nursing process
can be subdivided into five phases according to the time taken
to access the application when specifying the obesity
management ontology. This was represented as a dynamic
ontology with aspiral reflecting two cyclical nursing processes
that are connected to each other. The blue color in the figure
(ie, boxes 1, 2, 3, and 4) indicates the initial process of the
obesity management service from the beginning to the end,
whilethe green color (ie, boxes 5 and 6) indicates the repetitive
process of obesity management from the beginning of therevisit
to the service until aclient reacheshisor her identified outcome.
These two cyclical nursing processes contribute to minimizing
the amount of datatransactions. The nursing diagnosisinferred
using the personal data and evidence-based knowledge in a
single, long-interval process can be reused in short-interval
periodic processes; therefore, data needed in short-interval,
periodic processes would be minimized.

Figure 3 shows the obesity management information, which in
part reflectsthe cyclical characteristics of the service provision
and login information, with client information guiding that
cyclic process. This initia nursing process ontology was
elaborated based on these information characteristics. The model
has three levels of category: temporal, nursing process, and
analytical. The temporal level was an abstract category
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corresponding to the obesity management. This was divided
into assessment, nursing diagnosis, goal, outcome evaluation,
and implementation phases, according to the nursing process.
The analytical category shows the data linkage to each phase
of the nursing process. In the assessment phase, data are
collected from aclient, and the nursing diagnosi s phase defines
the degree of obesity using the data collected in the assessment
phase. A target weight loss and the date by which to achieve
that goal are set in the goal phase, while the intervention for
obesity management is provided in the implementation phase.
Finally, the state of the client after the intervention is defined
in the outcome evaluation phase by comparing the goa with
the reassessment data.

Concepts Extracted From the Guidelines on Obesity
M anagement

The concepts required to make nursing diagnoses, generate
client-specific interventions to enable the individual to reach
the goal that they have set, and evaluate outcomesin the obesity
management processwere extracted. Intotal, 127 conceptswere
identified (Multimedia Appendix 1). The extracted concepts
included data collected in the assessment, the degree of obesity,
interventions, and outcomes categories. Examples include
personal information such as sex, height, weight, waist
circumference, intention to lose weight, and risk factors that
the client entered when they accessed the application for the
first time, and the calorie gap calculated using the diet and
physical activity monitoring data. Other examplesareanursing
diagnosis such as* obese dueto lack of physical activity” made
by the application using data entered by the client, and an
intervention such as “educate about physical activity”
recommended by the application based on the nursing diagnosis.

Relationships Between Classes and I ndividuals and
Relationships Based on These Concepts

The 127 concepts extracted in the previous phase were arranged
as classes and individuals depending on the foundational
ontology, using the relationship-linking classes listed in Table
1

Results of Evaluation of the Obesity M anagement
Ontology

The evaluation scores of the nursing-process-based obesity
management ontology for various criteriaare presented in Table
2. All nine items scored above 4, with interpretability and
consistency itemsscoring 5 points. The category with thelowest
gradewasthe granularity criterion. Ontology and domain experts
recommended that the concepts representing activity level and
diet should be defined in more detail.
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Table 1. Relationship-linking classesin the obesity management ontology.

Kimet al

Relationship name Defined at concept

Part of Relationship between class and subclasses

Instance of Relationship between instances and class

Derives from Relationships of nursing diagnosis and evaluation to assessment data
Derivesinto Relationships of assessment data to nursing diagnosis and evaluation
Has plan Relationships of nursing diagnosis and evaluation to implementation
Followed by Relationships of implementation to nursing diagnosis and evaluation
Intention Relationship of nursing diagnosisto goal identification

Table 2. Grades of evaluation on the representation layer.

Criterion Score
Mean Minimum Maximum

Match between formal and cognitive semantics a7 4 5
Clarity 4.0 4 5
Explicitness 4.3 4 5
Interpretability 5.0 4 5
Accuracy 4.7 4 5
Consistency 5.0 5 5
Comprehensiveness 4.3 4 5
Granularity 41 4 4
Relevance 4.8 4 5
Total 45

Artifact Using Protégé

Figure 4 shows some of the relationships among the classes
represented by obesity management using Protégé. The
rectangles represent classes and the arrows represent the
relationship between the 127 concepts. The color of the arrow
reflects the relationship among the classes and individuals. For
example, red arrows (n=1) represent the relationship between
each individual and class, which is“instance of”; green arrows
(n=2) mean the relationship of “part of”; purple arrows (n=3)
represent “followed by”, which is the relationship between
implementation and evaluation in this figure; and gray arrows
(n=4) represent “ derivesinto”, which isthe relationship between
the assessment data and eval uation.

A Prototype Application for Obesity M anagement

The prototype application consisted of two parts: an agent avatar
and aclient avatar asdescribed inthe Figure 1. The agent avatar

http://www.jmir.org/2013/6/€130/

as a knowledge base was developed using an XML schema
made from the obesity management ontology including 37
classes and 90 individuals in Protégé. The XML schema was
translated into database schema with 11 tables for assessment,
diagnosis, and outcome identification. In addition, classes such
as diagnosis, implementation, and evaluation in XML were
converted into Java classes with methods to call
recommendations according to dataentered, which werelinked
to database. The client avatar as a user interface consisted of
41 screens to collect client's health data and deliver
recommendations provided from the agent avatar. With JDK
(Java development kit) 1.7.0, Eclipse having ADT (Android
Development Tool) Plugin for Eclipse, and the Android SDK
platform 4.0.3, the client avatar and the agent avatar were
integrated. Figure 5 is a screen shot providing one of tailored
recommendations.
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Figure1l. The Health Avatar Project model.
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Figure 3. Initia obesity management ontology based on the nursing process.
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Figure5. Screenshot showing an example of a client-specific recommendation.
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Discussion

Principal Findingsand Conclusions

Ontology is an effective way of representing specific domain
knowledge in the field of biomedicine. It is aso used for
knowledge model devel opment to support the clinical decision
making of health care providers [18,26,27]. Most of the
published ontologies have been developed to aid health care
providers in clinical decision making [28,29]. However, the
ontology developed in this study was designed to be used with
a mobile-device-based application to provide talored
interventions to clients who want to manage their obesity by
themselves.

The nursing process was used as a foundation of ontology to
describe the client participation in obesity management. Since
the nursing process is a scientific and systematic
problem-solving framework that allowsthe client to participate
in their own care [13], it was considered a valid representation
of the client participation in obesity management. The findings
of this study confirm that belief.

The client was considered to be the principal agent of goal
setting and outcome evaluation in obesity management. The
nursing-process—based obesity management ontology devel oped
in this study allows the client to participate in setting a goal,
such as a target weight loss and duration to reach to the target
weight, and to monitor and evaluate their behavioral
modification toward obesity management. To this end, a set of
concepts was introduced to describe whether the goal and rate
of weight loss were reglistic and adequate, and another set was
designed to describe whether the obesity management behavior
was adequate based on the self-monitoring data.

One of the success factors in the existing Web-based
intervention programs is login intervals by clients reflecting
client participation [3]. The ontology developed in this study
reflects this by introducing a concept to describe the continuity
of the obesity management process based on the interval
between two logins. If a client does not use the application
within one-third of the target interval, which is the criterion
used to judge the continuity of the care process, it was
considered that the continuity of the obesity management
process was deficient. In that case, the client must restart the
long-interval, single process from the assessment point and will
haveto set anew goal. In order to promote the continuity of the
obesity management process, reminder and alarm functions
were implemented.

Another key characteristic of the nursing process is that it
comprises cyclical phases. In this study, two cyclical nursing
processes were connected to each other based on the sequences
of loginsto the application in our obesity management ontology:
the first and second cycles of the nursing process correspond
to the first visit and revisits, respectively. At the first visit, the
degree of obesity isinferred based on height, weight, abdominal
circumference, sex, and past history, and agoal isset. From the
second visit, obesity management is evaluated by comparing
current weight with the defined outcome. Based on the login
information, which is used to guide the cyclical process of
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obesity management, if the client is either a first-time user of
the application or a previous user who did not meet the
continuity criteria, a long-interval, single process will start;
otherwise, ashort-interval, periodic process starts. Thisfeature
minimizes the real-time data traffic.

The obesity management ontology developed in this study was
compatible with the Initial Clinical Information Ontology of
the Danish Genera Electronic Patient Journal Conceptua Model
[17]. This Danish model was introduced to clearly explain the
clinical information created during the general care process
using ontology. Even though the nursing process model used
in this study as one of the care-process models was devel oped
specifically to describe an obesity management process, it is
compatible with the Danish model because the nursing process
can be regarded as a type of general care process. However,
some of the processes differ between the model developed in
this study and the Danish model. The Danish model categorized
the process into two different groups, ie, observation and
intervention, whereasthe model devel opedin thisstudy included
five different phases of the care process: assessment, nursing
diagnosis, outcome identification, implementation, and
evaluation.

Concepts extracted based on the nursing process are specified
as classes and individuals. The relationships between these
concepts were extracted from the OBO [19,20] and the linkage
concept hierarchy of SNOMED CT. No new relationshipswere
defined in this study. Thus, the ontology developed in the
present study based on the nursing process has proved to be
sufficiently universal to be integrated with others, since all of
these concepts describing rel ationships are from the OBO and
SNOMED CT linkage concept hierarchy. This is important
because this study is a part of the Health Avatar Project. The
design of this mobile-device-based ontology was based on three
major criteria: practical relevance, incorporation of existing
standards and ontologies, and extensibility towards future
relevant domains [30].

The obesity management ontology developed herein was
evaluated at a representation layer of the basic internal layers
from various dimensions of the ontology [22]. The
representation layer was eval uated for ontology semantics, with
nineitems. It was found that the concepts and the relationships
between concepts used for obesity management were well
represented, with a score of 4.5 out of 5. Furthermore, the
nursing process was found to be adequate as a foundational
ontology for obesity management ontology development. A
nursing process with five distinctive phases with unique
characteristics may have helped to improve the consistency of
the ontol ogy.

Limitations

This study was subject to the following limitations. First, the
developed ontology cannot be used for other types of nursing
problems because the concepts used in its development were
extracted specifically from obesity management guidelines. We
recommend further devel opment of thisontology for other types
of nursing problems to determine whether the nursing process
can be used as a foundation of ontology to represent nursing
care in general. Second, the effectiveness of the prototype
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Android application developed in this study wasnot tested. The  study in the near future.
effectiveness of the application will be established in another
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Abstract

Background: Most of the world's women living with human immunodeficiency virus (HIV) reside in sub-Saharan Africa.
Although efforts to reduce mother-to-child transmission are underway, obtaining complete and accurate data from rura clinical
sites to track progress presents amajor challenge.

Objective: To describe the acceptability and feasibility of mobile phones as atool for clinic-based face-to-face data collection
with pregnant women living with HIV in South Africa.

Methods: Aspart of alarger clinic-based tria, 16 interviewersweretrained to conduct mobile phone—assisted personal interviews
(MPAPI). These interviewers (participant group 1) completed the same short questionnaire based on items from the Technology
Acceptance Model at 3 different time points. Questions were asked before training, after training, and 3 months after deployment
toclinic facilities. In addition, before the start of the primary intervention trial in which this substudy was undertaken, 12 mothers
livingwith HIV (MLH) took part in afocus group discussion exploring the acceptability of MPAPI (participant group 2). Finally,
asample of MLH (n=512) enrolled in the primary trial were asked to assess their experience of being interviewed by MPAPI
(participant group 3).

Results. Acceptability of the method was found to be high among the 16 interviewers in group 1. Perceived usefulness was
reported to be dightly higher than perceived ease of use acrossthe 3 time points. After 3 months of field use, interviewer perceptions
of both perceived ease of use and perceived usefulness were found to be higher than before training. The feasibility of conducting
MPAPI interviews in this setting was found to be high. Network coverage was available in al clinics and hardware, software,
cost, and secure transmission to the data center presented no significant challenges over the 21-month period. For the 12 MHL
participants in group 2, anxiety about the multimedia capabilities of the phone was evident. Their concern centered on the
possibility that their privacy may be invaded by interviewers using the mobile phone camerato photograph them. For participants
in group 3, having the interviewer sit beside vs across from the interviewee during the MPAPI interview was received positively
by 94.7% of MHL. Privacy (6.3%) and confidentiality (5.3%) concerns were low for group 3 MHL.
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Conclusions: Maobile phones were found both to be acceptable and feasible in the collection of maternal and child health data

from women living with HIV in South Africa.

Trial Registration:
at http://clinicaltrials.gov/ct2/show/NCT00972699)

(J Med Internet Res 2013;15(6):€116) doi:10.2196/jmir.2207

KEYWORDS
mobile phones; human immunodeficiency virus, mobile health

Introduction

One-half of people living with human immunodeficiency virus
(HIV) globally are women and 76% of all HIV-positive women
live in sub-Saharan Africa [1]. Sub-Saharan Africa accounts
for amost half of the world's maternal, newborn, and child
deaths with 4.7 million children and 276,000 women dying
annually [2,3]. Motherslivingwith HIV (MLH) are particularly
vulnerable and at risk of adverse maternal outcomes with at
least 20% of maternal deaths being HIV-related [1]. South
Africamakes up alarge proportion of this disease burden with
3.2 million women living with HIV [1], of whom 200,000
annually are pregnant [4]. The Province of KwaZulu-Natal has
the highest HIV prevalence in South Africa [5]. The national
prevalence is approximately 11% [5], whereas 40% to 60% of
pregnant womeninrural KwaZulu-Natal are HIV-positive[6,7].

In response to this crisis, South Africa has implemented the
Prevention of Materna-to-Child Transmission (PMTCT)
package as recommended by the World Health Organization
(WHO). The PMTCT program requires newly pregnant women
to complete a series of sequentia steps, also known as the
PMTCT cascade[8], that are aimed at first diagnosing and then
treating HIV infection [9]. Under ideal circumstances, inwhich
no barriers exist to the completion of all tasks, PMTCT hasbeen
shown to be highly effective at reducing HIV transmission to
less than 2% at childbirth [10]. Under the less than ided
circumstancesfaced by many MLH inlow- and middle-income
countries, transmission can occur in approximately 1 in 4
deliveries[11]. Some of the challenges that make adherence to
each of the PMTCT tasks difficult are being unable to afford
transportation to the clinic, fear of stigmatization, increased
household conflict, and lack of partner support [8]. To better
understand these barriersand their impact on theloss of women
through the PMTCT cascade requires accurate, timely, and
detailed information. Yet gathering data that tracks women's
progress through PMTCT to determine how well the systemiis
performing is beset by its own challenges.

One of the magjor challenges faced in the collection of
high-quality data is human resource constraints. Trained and
qualified hedlth staff are in short supply in many
resource-constrained settings[12]. Task-shifting strategies used
to address these shortages, have led to a perceived increased
burden for data collection and collation [13]. Minimal support,
delayed feedback, little understanding of the usefulness of the
data, and no interpretation of raw scores mean that the
completion and submission of multiple paper-based registers
for statistical purposes is often regarded as a low priority for
busy and overburdened staff [13]. Therefore, it is unsurprising

http://www.jmir.org/2013/6/e116/
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that register data has been shown to be fragmented, error prone,
incomplete, and inaccessible [14,15].

The usefulness of this register datais further compromised by
thefact that itisunlinked, ie, itisnot possibleto link individual
clinic visits to the same person. This means that although
aggregate data may be available, it is difficult to track the path
of individuals through the PMTCT cascade. This makes it
difficult to identify and understand the bottlenecks in the
cascade. These constraints and challenges raise the question
whether there is not a more efficient way to support staff and
perform monitoring and evaluation of the PMTCT program in
geographically remote primary health care facilities [16].

Thereiscurrently agroundswell of interest in the use of mobile
phones and information communication technologies in the
support of health [17,18]. The growing body of mHealth
literature provides examples of the use of mobile phones as data
collectiontoolsin low- and middle-income countries. Although
evidence is mixed, the use of mobile phones as data collection
tools has been found to increase data quality, speed up the
turnaround time from collection to analysis, and improve
interfacility communications[19-22]. Poor follow-up ratescould
potentially be improved with mobile phones by providing links
to participants that are cheaper and more immediate than travel
tofacilities. These advantages over traditional paper-based clinic
registers suggest mobile phones are a potential tool with which
to address some of the challenges currently experienced in
collecting health information through the PMTCT cascade. The
aim of this paper isto describe the feasibility and acceptability
of using amobile phone survey application to collect datafrom
preghant women living with HIV enrolled into the PMTCT
program in KwaZulu-Natal, South Africa.

Method

Study Design

This study was nested within alarger clinic-based randomized
cluster trial known as Project Masihambisane (“let us walk
together”; Clinicaltrials.gov NCT00972699) [23]. The primary
study aimed to improve mental and physical health outcomes
of HIV-positive mothers and their babies by supplementing the
PMTCT with paraprofessional peer mentors. Using a
mixed-methods design, qualitative data from a single, small
focus group were supplemented with 2 quantitative
guestionnaires collected using a mobile phone survey
application. Paradata, or data on the data collection process,
were gathered in order to examine the feasibility of mobile
phone-assisted personal interviewing (MPAPI).
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The MPAPI survey platform was supplied by Mobenzi
Researcher [24], a commercia vendor based in South Africa
The solution offered by Mobenzi includes both a mobile
application and aWeb portal. The Java Platform Micro Edition
(Java ME) application runs on al handsets compliant with
mobile information device profile (MIDP) 2.0. It provides full
survey functionality, including the ability to create various
question types, mark fields as mandatory, and intelligently
manage survey branching (Figure 1). The softwareis now also
available for Android handsets. The Java ME application was
installed on Nokia E61 handsets. These mobile phones run on
the Symbian S60 operating system, have a 2.9-inch thin film
transistor screen, 64 megabyte random-access memory (RAM),
Bluetooth, Wi-Fi, aQWERTY keyboard, and a 1500 milliamp
hour battery.

van Heerden et al

Once installed, the software was able to communicate, using
either Wi-Fi or a cellular data link, with the Mobenzi server.
The server provided, for download, the surveys designed using
the Web portal (Figure 2). The server also received, stored, and
aggregated the surveys completed on the handset (Figures 3-5)
for download as a comma-separated file. Mobenzi offered
programmatic access to both surveys and data through an
application programming interface (API).

If no data connection was available at the time of survey
completion, the response was saved on the handset until a
connection was re-established. The MTN mobile network was
used to upload survey responses from the handset to server.
Figure 6 depicts atypica example of afieldworker conducting
a mobile phone—assisted personal interview outside a primary
health care facility.

Figure 1. Example of the Mobenzi Researcher application running on a Nokia handset.
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Figure 3. Example of Mobenzi Researcher Web portal : interviewer management.
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Figure5. Example of Mobenzi Researcher Web portal: data overview and export.
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study. Although these participants were al familiar with
pen-and-paper questionnaires, none had ever used MPAPI.
Three groups of participants took part in this study. The first  Before receiving any training on MPAPI, the group were asked
group of participants (participant group 1) included the 16 to complete a short questionnaire with items from the
interviewers recruited and trained on MPAPI for the primary  Technology Acceptance Model proposed by Davis [25]. The

Participants and Procedures
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scale contains 12 items, 6 relating to the perceived usefulness
of mobile phones for research purposes and 6 related to the
perceived ease of their use (Table 1). Each item was rated on a
5-point Likert-type scale ranging from extremely likely to
extremely unlikely. Following 3 days of training, a posttraining
assessment was conducted using the same questionnaire. After
completing training, the interviewers were dispatched to 8
primary health care clinics in a rural district typical of those
found in the region where the interviewers were originaly
interviewing pregnant women living with HIV for the primary
study. After 3 months, the questionnaire was administered for
athird time to gauge if use of the phonein the field had altered
perceptions and attitudes toward the tool.

The second group (participant group 2), recruited for
participation in thefocus group, consisted of 12 pregnant women
with HIV living in thisregion of South Africawho were enrolled
through community forums set up for the larger study. Before
the focus group was held, each woman was interviewed by a
research assistant using a mobile phone. The questions asked
ranged from general health questions about the participants
knowledge of HIV to more sensitive questions about recent
sexual activity, condom use, and disclosure of HIV status to
their partners. After completing the questionnaire, the group
was brought together to participate in afocus group about their
experience. Five questions were designed to facilitate the
discussion about genera mobile phone ownership and their
reactionsto theinterview conducted by mobile phone. Thefocus
group lasted for an hour with extensive notes being taken about
responses.

The third group of participants (participant group 3) were
pregnant women living with HIV recruited through the primary
study. Participantswere recruited in the Umgungundliovu Health
District of KwaZulu-Natal, a province in South Africawith 10
million people, over half (57%) living in rural areas. The

Table 1. Technology Acceptance Model scale.

van Heerden et al

Umgungundlovu District includes 7 local authorities, has 48
fixed clinics, 4 community health centers, 9 tertiary hospitals,
and an estimated population of some 995,000 persons according
to a2007 estimate [26]. From thisdistrict, 8 clinicswere selected
through a clinic audit conducted in December 2007. The
selection criteria, applied to all potential clinics in the district
during the audit, were presence of other research trias, clinic
size, availability of antenatal and postnatal services, and uptake
of antenatal and postnatal servicesat the clinic. The clinic audit
resulted in the selection of 4 pairs of clinics for the study,
matched on size (small vslarge) and geography (rural vsurban).
Women who met the eligibility criteria of being 18 years or
older, less than 34 weeks pregnant, and planning to reside in
the study area for the duration of their pregnancy were invited
to participate in the primary study. If they accepted, a baseline
health questionnaire was completed by an interviewer using a
mobile phone survey application. Using across-sectional design
and a continuous sampling strategy that started approximately
halfway through the primary study, 512 of the 1204 women
enrolled into the primary study were recruited to participate in
this substudy. This cross-section of women completed asecond
guestionnaire, again using MPAPI, in which they were asked
to describe their views about the mobile phone survey.

Statistical Analysis

A thematic analysis was performed on the qualitative data
generated by focus group discussions. This data was
supplemented with exploratory data analysis techniques, such
as frequency analysis and chi-square (x?) statistics, performed
on the quantitative questionnaire data. Univariate analysis was
used to analyze perceived ease of use and perceived usefulness
scale data. Data was downloaded as comma-separated values
from the online Mobile Research database. This
comma-separated values file was then imported into SPSS 19
(IBM Corp, Armonk, NY, USA).

Items per subscale Question text
Perceived usefulness
1 Using cell phonesto collect datain my job would enable me to accomplish tasks more quickly
2 Using cell phonesto collect data would improve my job performance
3 Using cell phonesto collect datain my job would increase my productivity
4 Using cell phonesto collect data would enhance my effectiveness on the job
5 Using cell phonesto collect data would make it easier to do my job
6 | would find cell phones useful in my job

Per ceived ease of use

o O~ WN P

| would find a cell phone easy to use

Learning to operate a cell phone would be easy for me

| would find it easy to get acell phone to do what | want it to do
My interaction with cell phones would be clear and understandable
| would find cell phones flexible to interact with

It would be easy for me to become skilful at using a cell phone
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Fieldwork Supervision and Ethical Approval

A team of 16 data collectors administered the questionnaire and
2 coordinators employed by the primary trial supervised all
aspectsof the study inthefield. The coordinators' roleincluded
managing informed consent, supporting field activities, and
monitoring data quality through quality assurance checks and
ongoing training and supervision of interviewers. Ethical
approval for the study was obtained from the Committee for
Research on Human Subjects (Medical) Witwatersrand Human
Ethics Committee (M091035). A study information sheet was
presented to al participants and the study was explained in
detail before participants signed a form giving written consent
to participate.

Results

Acceptability

Participant Group 1. Interviewers

Sixteen interviewers were recruited, trained, and dispatched to
8 health facilities as part of the primary trial. All participants
were female with an average age of 27 years. Phone ownership
was high with 15 of 16 owning their own mabile phone. All
interviewers had completed their secondary education, with 14
having completed a 3-year tertiary degree. All had previous
experience with paper-and-pen questionnaires, but none reported
ever having performed a mobile phone—assisted interview.

A 2-way repeated measures ANOVA was performed on the
2-factor Technology Acceptance Model scale (ease of use and

Figure7. Estimated marginal means for the main effect of time.

van Heerden et al

usefulness) across 3 time points (pretraining, posttraining, and
postuse). There was a significant main effect for the time point
at which the data was collected (F 159 16649=8.62, P=.007).
However, there was no significant main effect between
perceived ease of use and usefulness (F, ;4,=0.924, P=.35) nor
any interaction effect between these factors and time
(F,25=0.621, P=.54). Thefindings are presented in Figure 7. A
maximum score of 55 implies extreme dislike of the tool;
therefore, interviewer attitudestoward ease of use and usefulness
of mobile phones were already positive before training.

After 3 days of training, interviewers reported perceiving the
mobile phones as significantly easier to use than at the baseline.
Further, the perception of mobiles as a useful tool with which
to collect data underwent an even greater positive shift. The
training also increased positive perceptions of the mobile as a
useful way in which to collect data. The positive perceptions
were linked to the insight that the mobile phones would allow
more accurate data to be collected in atimely manner with less
administrative burden than paper forms. After 3 months of use,
perceptions of both the usefulness and ease of use of mobile
phone-assisted questionnaires decreased, but remained above
levelsreported pretraining. Thisdecreasein perceived usefulness
and ease of use isthought to be related to amorerealistic view
of the device's potential being realized through practical
experience. It is important to note that real world use did not
significantly reduce perceptions of either usefulness or ease of
use.

14 -

=
[N}
i

more positive)
H
[ gh}

10 A

Hean Scale Score (lower

—tp = g5 of LS

usefulne ss

pretraining posttraining

post-fie|d work

http://www.jmir.org/2013/6/e116/

RenderX

JMed Internet Res 2013 | vol. 15 | iss. 6 |e116 | p.58
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Participant Group 2: Focus Group With 12 Mothers
Living With HIV

All focus group participants were HIV positive and pregnant.
Most (9/12) had learned of their HIV statusthroughthe PMTCT
program during their first pregnancy. For 4 of the women, this
was their first pregnancy and only 1 of the 4 already knew that
she was HIV positive. The mean age of the focus group
participants was 26 years. Despite an estimated household (not
per capita) income, in South African rand (R), of R1600
(equivalent to US $177) per annum for rural communities in
this district [26], all 12 woman in the focus group had access
to a mobile phone at home, with a full two-thirds (8/12)
personally owning a phone. The 4 women who did not own a
cell phone had access to a sibling’s phone. When asked how
important access to a cell phone was for them, all but 1 stated
that it was extremely important.

Reflecting on the experience of being interviewed using amobile
phone, a number of women reported initial feelings of anxiety
about the multimedia capabilities of the phone. In particular,
women were concerned about being filmed or photographed by
the camera, which had alens situated on the back of the phone.
One woman said, “I feel it is ok [to be interviewed on the
phone], but it isslightly scary. | feel asthough you arerecording
a video of me. But it's all right. It was not nice when the
interviewer held the phone too close to me because | was
worried about the phone camera..whether | was being
recorded.”

Two important factors mediated this experience. Firstly, the
model of Nokia phone used influenced how comfortable the
intervieweesfelt. Thelessfamiliar— ooking Nokia E61 business
phone raised more concerns from participants than the more
familiar candy bar—shaped Nokia 2630. Secondly, theinterview
style adopted by the interviewer impacted significantly on the
experience. Although all interviews were one-on-one, some
interviewers took a position directly opposite the woman
whereas other interviewers adopted a side-by-side style. For
those women who experienced the side-by-sideinterview, being
filmed was reported as being less of a concern. Women who
were interviewed by an interviewer sitting directly opposite
them felt that side-by-side interviewing would have alleviated
much of their anxiety about being photographed. The
side-by-side approach had the added benefit of allowing women,
who reported being curious about the questionnaire, to see what
had been asked and captured on the phone screen. One
participant said, “1 enjoyed that the interviewer let me see the
guestions and shared with me what was being recorded.” This
information was incorporated into the primary trial by training
field workers to offer MLH the opportunity to sit alongside
them during the interview. Table 2 presents other significant
themes that emerged from the analysis.

Participant Group 3: Questionnaire About Mobile
Phone-Assisted Personal | nterviews

From October 2010 to March 2011, Project Masihambisane
conducted 708 interviews with 520 participants (some
participants completed interviews at 2 different time points).
Of these 520 participants, 512 (98.5%) agreed to take part in
the mobile phone questionnaire. The mean age of participants

http://www.jmir.org/2013/6/e116/
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was 27 years with participants speaking primarily isiZulu
(93.4%). A small minority had either no schooling (1.6%) or a
tertiary qualification (5.8%). Of the remaining 92.6%, 36.4%
completed primary education, 39.9% started but did not
complete secondary schooling, and 16.3% graduated from
secondary school. Approximately the same percentage of women
were married (10%) as were living alone (11.9%); the others
were either married and living together or apart, or single and
in acoresident or non-coresident relationship. Therewas a60/40
split between women living in rural vs periurban areas with
35.5% having running water on the premises, 59.2% having
flush toilets, and 82.6% having electricity.

Despite 42.4% of the sample being unemployed, 84.0% stated
that they owned a mobile phone. Most of these handsets were
manufactured by Nokia, running on the Symbian operating
system and were able to run Java ME applications (87.4%), a
version of the Java programming language designed to run on
resource-constrained devices such as mobile phones. From
self-reports, the mean length of ownership was 3.3 years with
a median amount of R30 being spent on airtime per month.
Table 3 compares the demographic profile of those who owned
vs those who did not own a mobile phone. Chi-square tests

found significant associations between age ()(22:6.34, P=.04),
education (x22:33.52, P<.001), socioeconomic status
(x%,=27.65, P<.001), occupation (X%,=8.16, P=.004), and
housing characteristics (water: x,=9.79, P=.002; electricity:
X%=9.6, P=.002; flush toilet: x?,=12.68, P<.001), and ownership
of a mobile phone. Examining confidence intervals for each
demographic category support these results for al but age.
Pregnant women with HIV were less likely to own a phone if
they were 20 years old or younger, had a primary school
education, were in the lowest socioeconomic status group, and

did not have household luxuries, such as running water,
electricity, or flushing toilets.

On a 3-point scale, the participants rated the experience of the
mobile questionnaire as positive, neutral, or negative. Of the
512 participants, 485 (94.7%) reported a positive experience
(Table 4). There were 24 (4.7%) neutral responses from
participants and 3 (0.6%) who disliked the mobile questionnaire.
With respect to questionnaire mode preference, one-third
(29.5%) had no preference, two-thirds preferred the mobile
guestionnaire (67.8%), and 2.7% preferred pen-and-paper
guestionnaires.

A 1-way ANOVA revealed a significant increase in positive
ratings when comparing the number of interviews completed
before taking the questionnaire. That is, people who had
completed 4 MPAPI interviews before taking the questionnaire
were significantly more likely to rate the questionnaire
experience positively than those participants taking an MPAPI
questionnaire for the first time (F3 5055=6.795, P=.009).
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Participant Group 3: Questionnaire About Mobile
Phone-Assisted Personal | nterviews

Over the course of the primary study (July 2008 to April 2010),
13,653 mobile phone-assisted questionnaires were submitted
and 13,650 were received by the data center. This number
includes the questionnaires that were used to capture 3
full-length health assessments, the patient-carried maternal
health cards, and the daily clinic attendanceregisters. All clinics
had good network coverage and questionnaires were received,
on average, 4.2 minutes after being completed. Participants
were identified through the capturing of 2 unique numeric
identifiers. Of the 3012 full-length questionnaire assessments,
57 (1.9%) were not able to be linked to a participant because
of errorsinthefirst 11-digit uniqueidentifier. All 57 caseswere
resolved by referring to the second 5-digit identifier.

Of the 18 mobile phones that were bought for the study, 1
handset was stolen during a mugging and 1 became unusable
13 monthsinto the study after ahardwarefailure. Theremaining
handsets are still functional and in use. Over the course of the
study, there were very few hardware and/or software challenges.

van Heerden et al

To deal with the possibility that phones would be used for
private calls and other electronic communications, mobile
phones were loaded with a fixed amount of airtime (US $25)
at the beginning of every month. When this allocation was
consumed, interviewers were responsible for airtime top-ups.
This situation occurred only a few times during the course of
the study. During these times, interviewers were able to come
to the office and upload the data using a Wi-Fi connection.
Automatic processing of submitted data enabled field team
leaders to monitor the number of interviews, length of
interviews, and quality of interview responses being submitted
by interviewers on a Web-based dashboard page. An example
from the remote monitoring Web dashboard is presented in
Figure 8. At a glance, field coordinators were able to see the
minimum and maximum number of interviews per clinic, typical
monthly range, current performance, and atrend indicator. These
figures could befiltered by questionnaire, year, and month. This
quick accessto reliable datamadeit possibleto rapidly respond
to the ever-changing challenges faced by interviewers working
inarural clinic environment. The approach would also be more
easily scaled up to the monitoring of many more clinics than
alternative management strategies based on paper and data
capturing into alocally stored database.

Table 2. Themes emerging from the analysis of the focus group session held with 12 mothers living with HIV (participant group 2).

Theme Indicative quote?

Connectivity My phoneisimportant to me asit allows me to communicate immediately with people who want to contact me.
[Gladys Bhengu, 22 years]
| useit to get in contact with my family members and people who are living around me, like my neighbors. [Ethyl
Zuma, 36 years]

Safety Public phones are far away fromwhere | live. Cell phones[is] convenient and allows one to get help from others
through communication. [Marsha Ntuli, 22 years]
...to be able to reach people when | have a problem and vice versa. [Gladys Bhengu, 22 years]
| useit for emergencies...to get help. [Mavis Sithole, 24 years]

Functionality | put remindersin my phone to help remind me of the times when | must take my medication. So | amon time with
my medication. [Ethyl Zuma, 36 years]

Knowledge Because you first explain everything before taking any information on the cell phoneit will be ok. [Wendy Zulu,

28 years]

Aslong astheinterviewer will explain the study well people won’t mind. [Ayanda Sithole, 31 years]

Privacy and confidentiality
years]

They will think that researchers are taking pictures of HIV-positive people to label them. [Zama Ndwandwe, 33

Researchers are using the devices to film people and to put them on television. [Ethyl Zuma, 36 years)

Information will be between the two of us because the phone probably will have a code...l don't think the data will
have a possibility to be lost. [Wendy Zulu, 28 years)

3All names are fictitious.
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Table 3. Demographic characteristics of sample (N=512).

Respondent characteristics Do not own phone (n=82) Own phone (n=430)
n % 95% CI n % 95% ClI
Age (years)
<20 19 232 15.4-33.4 55 12.8 10.0-16.3
21-30 39 47.6 37.1-58.2 247 57.4 52.7-62
31-40 24 29.3 20.5-39.9 128 29.8 25.6-34.3
Education
Primary sr:hoolinga 28 34.1 24.8-44.9 45 105 7.9-13.7
Secondary schooling? 53 64.6 53.8-74.1 356 82.8 78.9-86.1
Tertiary schooling 1 1.2 0.2-6.6 29 6.7 4.7-9.5

Socioeconomic status

Lower? 25 30.5 21.6-41.1 48 11.2 8.5-14.5

Middle 53 64.6 53.8-74.1 293 68.1 63.6-72.4

Upper? 4 49 1.9-11.9 89 20.7 17.1-24.8
Occupation

Full-time? 6 7.3 34151 89 20.7 17.1-24.8

Part-time 27 32.9 23.7-43.7 121 28.1 24.1-32.6

Unemployed 44 53.7 42.9-64.0 174 40.5 35.9-45.2

Other 5 6.1 2.6-135 46 10.7 8.1-14
Region

Loca government administration 36 43.9 33.7-54.7 171 39.8 35.3-44.5

Traditional administration 46 56.1 45.3-66.3 259 60.2 55.5-64.7
Housing

Running water of premises® 48 58.5 47.7-68.6 324 75.3 71.1-79.2

Electricity? 58 70.7 60.1-79.5 365 84.9 81.2-88.0

Flush toilets? 34 415 31.4-52.3 269 62.6 57.9-67.0

gtatistically significant (P<.05).
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Figure 8. Webpage dashboard example summarizing research assistant interview performance for a baseline interview conducted in September 2009.
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Table 4. Questionnaire experience and preference of sample (N=512).

van Heerden et al

Respondent responses Do not own phone (n=82) Own phone (n=430)
n % 95% ClI n % 95% ClI
Questionnaire experience
Positive 76 92.7 84.9-96.6 409 951 92.6-96.8
Neutral 6 7.3 34-15.1 18 4.2 2.7-6.5
Negative 0 0.0 0-4.5 3 0.7 0.2-2.0
Questionnaire preference
Phone 50 61.0 50.2-70.8 297 69.1 64.5-73.3
Paper and pen 5 6.1 2.6-135 9 21 1.1-39
No preference 27 329 23.7-43.7 124 288 24.8-33.3
Questionnaire concerns
Concerned about privacy 9 11.0 5.9-19.6 23 41 3.6-7.9
Concerned about confidentiality 6 7.3 34-15.1 21 49 32-74
Discussion socioeconomic status, and occupation. This has both positive

The present study evaluated the acceptability and feasibility of
using mobile phonesto collect datafrom pregnant women living
with HIV who were enrolled into the PMTCT program in
KwaZulu-Natal, South Africa. Results suggest acceptability of
the method by both affected women and theinterviewerstrained
to collect the mobile phone questionnaires. Feasibility of
collecting data from remote primary health care facilities was
found to be high in this particular context.

Acceptability

Women Living With HIV (Participant Groups 2 and 3)

To prepare for interviewing in a clinic environment pregnant
women living with HIV, a focus group with 12 women was
undertaken. The experience of completing aface-to-face mobile
phone-assisted interview was acceptable to most women. The
major concerns raised in the focus group discussion suggested
2 important recommendations. First, if mobile phonesareto be
used in health settings as data collection tools, it is advisable
for health staff to adopt an open side-by-sideinterviewing style.
By placing themselves alongside the women, concerns about
data privacy, participant confidentiality, and interview anxiety
can be minimized. Secondly, using the informed consent process
to explain exactly how data will be collected, how it will be
transmitted, and who will have accessto this private information
may reduce participant anxiety about the MPAPI process.
Taking these considerations into the clinic-based questionnaire,
512 women were asked to compl ete a short questionnaire about
their experience. Overall, acceptability of thisinterview method
was confirmed with 94.7% of women, who viewed the
experience positively. Only 3 women reported the experience
as being negative for them. Given a choice asto whether future
interviews should be conducted using mobile phone—assisted
interviewing or paper-and-pen, only 2.7% expressed apreference
for paper-and-pen.

Ownership of mobile phones among pregnant MLH, although
high at 84%, was significantly associated with age, education,

http://www.jmir.org/2013/6/e116/

and negative implications. Positively, the potential of mHealth
to reach MLH was confirmed with 8 out of every 10 women
owning a mobile phone. However, caution must be exercised
to ensure that mHealth programs, which often aim to increase
access to marginalized and underresourced individuals, do not
inadvertently further disadvantage the most disadvantaged MLH.

I nterviewers (Participant Group 1)

Perceived ease of use and perceived usefulness of MPAPI were
consistently rated highly by clinic-based interviewers. It is not
clear whether this rating is in response to a dislike of
paper-based data collection or an affinity for mobile phones.
Although perceived ease of use and perceived usefulness
dropped after 3 months of field use, they remained above
pretraining perceptions. The decreaseislikely linked to the fact
that real world use is often more limited that portrayed under
the ideal conditions made possible in a controlled training
environment. Neverthel ess, the decrease was not significant and
remained high for both perceived usefulness and ease of use.
This finding suggests that after extended clinic-based use, the
mobile phone—assisted interviews remained useful and easy.
Training was found to significantly increase perceived ease of
use and perceived usefulness and highlights the importance of
providing a comprehensive training package to familiarize
interviewers with both the concepts and practice of MPAPI.
Feasibility

The feasibility of using mobile phone-assisted interviews as
part of aclinic-based PMTCT program was monitored for 21
consecutive months. During this time, over 13,000 data forms
were submitted with only 3 reported as being sent by
interviewers and not received. Very few phones were lost,
broken, or stolen and network coveragewas good at all 8 clinic
facilities. A number of strategies were used to control airtime
use, the most effective being a fixed amount of airtime loaded
onto the handset at the beginning of the month and interviewers
topping up if they depleted this amount. Other strategies
included interviewers requesting small amounts of airtime as
they needed, weekly checks by a coordinator of what numbers
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had been dialed, and ausage policy that outlined what the phone
may and may not be used for. Initial concerns about charging
handset batteries were unfounded as al clinics had electricity.

These limited challenges were supplemented by a number of
perceived benefits. The management of geographically dispersed
interviewers was improved through the use of real-time data
presented in visually appealing summaries. This allowed
problems to be flagged much quicker than if data was captured
on paper and collected from the clinics on a monthly basis.
Although not used in this study, the ability to geotag
guestionnaire responses could also assist in the management of
community health workers providing home-based care.
Questionnaire management was also found to be improved with
avirtual dashboard giving valuable up-to-date information on
key project indicators. Whenever a new questionnaire needed
to be introduced or changes made to an existing questionnaire,
updates could be rolled out immediately to each clinic without
the need to recall out-of-date paper forms. This problem besets
current paper-based registers. Whenever a new indicator needs
to be collected or a change in indicator definitions occur, old
forms continue to be submitted by facilities who either do not
receive the updated forms or prevent wastage by continuing to
use old form stock. Finaly, this study found it feasible to track
and link the PMTCT dataof participants over a10- to 14-month
period. Although 2% of the records could not be linked because
of dataentry errorsin the unique identifier, the use of a second
identifier resolved these cases.

Relevance to the Prevention of M aternal-to-Child
Transmission Cascade

Paper-based records that inform the KwazZulu-Natal District
Information System have been shown to be of poor quality and

Acknowledgments

van Heerden et al

in a format that make the tracking of women through the
PMTCT cascade difficult [15]. Proposed as an alternative in
other settings [19,27], little is known about the acceptability
and feasibility of using mobile phonesto collect datafrom WLH
in this setting. The findings presented here suggest that MPAPI
isindeed acceptable to both MLH and interviewers. The use of
mobile phones for data collection aso proved feasible and
provided anumber of advantages to the data collection process
over traditional ways of collecting datain arura clinic setting.
One key benefit for the PMTCT program was the ability to link
women'’s data over a number of visits. This made it possible to
track enrollment, uptake, and loss of individual women through
the PMTCT cascade.

Limitations and Future Work

The results obtained in this study suggest that MPAPI may be
both feasible and acceptable to use within the South African
PMTCT program. South Africa is unique among African
countriesinitsbroad mobile network coverage, well-maintained
mobileinfrastructure, and el ectrification of rural health facilities.
How well thisapproach to the collection of PMTCT datawould
perform in the context of other low- and middle-income
countriesis, therefore, alimitation of this work.

The bidirectional communication abilities of mobile phones
also holds promise as a way to provide regular and relevant
feedback to clinics. With alarge proportion of women owning
mobile phones, future studies should explore the acceptability
and feasibility of extending PMTCT data collection into the
home using mobile phone-assisted self-interviewing.
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Abstract

Background: Epidemiological studies on physical activity often lack inexpensive, objective, valid, and reproducible tools for
measuring physical activity levels of participants. Novel sensing technologies built into smartphones offer the potentia to fill
this gap.

Objective: We sought to validate estimates of physical activity and determine the usability for large population-based studies
of the smartphone-based CalFit software.

Methods: A sample of 36 participants from Barcelona, Spain, wore a smartphone with CalFit software and an Actigraph GT3X
accelerometer for 5 days. The ease of use (usability) and physical activity measures from both devices were compared, including
vertical axis counts (VT) and duration and energy expenditure predictions for light, moderate, and vigorous intensity from
Freedson’s algorithm. Statistical analyses included (1) Kruskal-Wallis rank sum test for usability measures, (2) Spearman
correlation and linear regression for VT counts, (3) concordance correlation coefficient (CCC), and (4) Bland-Altman plots for
duration and energy expenditure measures.

Results. Approximately 64% (23/36) of participants were women. Mean age was 31 years (SD 8) and mean body mass index
was 22 kg/m? (SD 2). Intotal, 25/36 (69%) participantsrecorded at |east 3 dayswith at least 10 recorded hours of physical activity
using CalFit. The linear association and correlations for VT counts were high (adjusted R?=0.85; correlation coefficient .932,
95% CI 0.931-0.933). CCCs showed high agreement for duration and energy expenditure measures (from 0.83 to 0.91).

Conclusions: The CalFit system had lower usability than the Actigraph GT3X because the application lacked a meansto turn
itself on each time the smartphone was powered on. The CalFit system may provide valid estimates to quantify and classify
physical activity. CalFit may prove to be more cost-effective and easily deployed for large-scale population health studies than
other specialized instruments because cell phones are already carried by many people.

(J Med I nternet Res 2013;15(6):e111) doi:10.2196/jmir.2470
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Introduction

Physical inactivity now ranks as the tenth leading cause of
premature mortality worldwide [1,2]. Inactivity has increased
substantially over the past 15 years [2]. Physical inactivity
contributes to the devel opment of major chronic diseases, such
as coronary heart disease, stroke, hypertension, colon cancer,
breast cancer, Type 2 diabetes, and osteoporosis [3].

Information on physical activity in epidemiological studiesis
generally obtained by questionnaires and more recently with
accelerometers[4]. Thelatter isbecoming the accepted method
because of better accuracy and reliability of the physical activity
measures [4]. Accelerometers use the acceleration in the
subjects movements to quantify intensity over short epochs of
time. Although animprovement over questionnaires, deploying
accelerometers is labor intensive and burdensome to the
participant at times and may lead to potentia changes in
behavior, such as not wearing the accel erometer or increasing
the measured behavior [5,6].

To address these problems and take advantage of the increased
use and improved technology of smartphones, we devel oped
CalFit [7-10]. CalFit is open-source software that runs on
Android smartphones. The system makes use of the
accelerometry and Global Positioning System (GPS) sensors
that are built into smartphones to record physical activity and
the time and location in which an activity occurs. It has the
potential to reduce cost and alow for enrollment of more
participants because smartphones are now in widespread usein
the general population [11]. Smartphones equipped with CalFit
could potentially make better physical activity measurements
compared to a common accelerometer, particularly because of
the addition of GPS measurements that can help researchers
better understand the spatial context of activity [12]. Calibration
and validation work of CalFit has been conducted thusfar only
under laboratory conditions [13].

Table 1. Characteristics of CalFit and Actigraph GT3X.

Donaire-Gonzalez et al

The aim of this research is to study the usability of CalFit
software and to assess the validity of its physical activity
measures in real world situations by comparing its physical
activity measures under free-living conditions with those
obtained from a well-known and validated accelerometer, the
Actigraph GT3X [14].

Methods

Sample

We enrolled volunteers to wear the CalFit phone and a
conventional accelerometer for 5 days. Thirty-six participants
were recruited by way of emails sent to colleagues from the
Centrefor Research in Environmental Epidemiology (CREAL)
and to friends of colleagues as part of alarger study based on
active travel behaviors. Inclusion criteriawereto live and work
or study in Barcelona, to live more than 10 minutes walking
distance from the workplace or school, and be able to ride a
bike for at least 20 minutes. Volunteers who met the eligibility
requirements were enrolled in the study after an information
session in which they were provided with details on study
objectives and procedures. The field study took place from
November 2011 to February 2012.

Our study protocol was approved by the Ethics Committee of
Hospital del Mar Research Institute, and written informed
consent was obtained from all the participants.

Instruments

Each participant was given an Actigraph GT3X accelerometer
[15] and a smartphone fitted with the CalFit application (see
Table 1). The devices were worn during 5 consecutive days on
a belt attached to the waist (see Figure 1). Participants were
instructed to remove devices only when performing aguatic
activities or deeping, or when necessary to charge the
smartphone battery.

Characteristics Google G1 with CalFit Actigraph GT3X

Size 11.7x5.6x1.7 cm 3.8x3.7x1.8 cm

Weight 158 ¢ 27g

Placement Frontal mean point between both anterior supe-  Anterior superior iliac spine of the right hip
rior iliac spines

Sample rate 10 Hz 30 Hz

Data storage 16 GB 16 MB

Battery life 18 hours 31 days

Accelerometer sensor

Microsystems, Japan)
Registered range of acceleration +2.89
Outcomes (measured)

QOutcomes (estimated)
of physica activity

AKB8976A triaxial accelerometer (Asahi Kasei

Acceleration of the 3 axes

Not wearing; energy expenditure and duration

ADXL335 triaxial accelerometer (Analog De-
vices, Norwood, MA)

+39
Acceleration of the 3 axes

Not wearing; standing, sitting, and lying; energy
expenditure and duration of physical activity
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Data Treatment

Datafrom both devices were summarized to 1-minuteintervals.
We merged data streams from both accel erometers identifying
thetime alignment that yielded the highest association (adjusted

R?) between the 2 vertical (VT) axis measures, within a
maximum of 5-minute differences in time. To maximize the
comparability [16], the intensity of physical activity measured
in metabolic equivalents (METS) by both deviceswas calcul ated
according to the equation of Freedson et al [17], which uses a
linear function based on vertical axis counts to produce their
estimates: ActiGraph GT3X METs=1.439008 + (0.000795 *
VT counts/min). Because VT axis measures were recorded by
each instrument with different units (counts from Actigraph
GT3X versus g-force from CalFit), we first developed alinear
regression between the 2 vertical measuresto convert the CalFit
g-force/mininto counts/min, leading to thefollowing adaptation
to the Freedson equation for estimating METsfrom smartphone
data: CalFit METs=1.2907087 + (0.4141791 * VT g/min).

The accel erometer nonwear intervals were defined as episodes
of at least 40 consecutive minutes of 0 counts and below 0.3g

Figure 1. Set of devicesthat were worn during 5 consecutive days.

T

Analysis

Participants and physical activity characteristics are presented
as number (percentage) for categorical variables, mean (SD)
for continuous variables with normal distribution, or median

http://www.jmir.org/2013/6/e111/
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in vertical axis for Actigraph GT3X and CalFit, respectively.
The latter threshold was established after analyzing CalFit
nighttime measurements. The American College of Sports
Medicine considers having at least 3 dayswith at least 10 hours
of recorded activity as a valid assessment of physical activity
[18]. We measured the usability of CalFit and of Actigraph
GT3X, understood as the ease of use to reach valid assessment
of physical activity, in 4 ways: (1) number of subjectswith valid
assessments of physical activity (previous definition); (2)
number of recorded days per participant (ie, reflecting
participants ability to keep CalFit turned on); (3) total recorded
time per participant (ie, reflecting participants' ability to keep
batteries charged); and (4) percent wearing time from total
recorded time (ie, reflecting participants' ability to wear CalFit).

Physical activity was defined as any minute with intensity equal
or greater than 1.5 METSs. Physical activity was partitioned into
light, moderate, and vigorous levels of physical activity
following the conventional cutoffs of 3 and 6 METs. Themain
summary measuresof physical activity werevertical axiscounts,
and duration and intensity of physical activity.

NDg 1died

(interquartile range, IQR) for continuous variables with
non-normal distribution.

The comparison between CalFit and Actigraph GT3X was
conducted using several approaches. First, to assess differences
on usability as defined above, we performed a Kruskal-Wallis
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rank sum test (difference of medians components of usability).
Second, the correlation and association between the vertical
axis measures during coinciding time periods were assessed
through a Spearman correlation and linear regression,
respectively. Third, the agreement in the man summary
measures of physical activity, as previously defined and during
coinciding time periods, was studied using Lin's concordance
correlation coefficient (CCC) [19] and Bland-Altman plots. The
CCC can be conceptualized as the ratio of between-subject
variance to total variance [20]. In other words, it provides a
measure of the percentage of differences attributable to the
participants, and its complement (1-CCC) givesthe percentage
of differences attributable to the method (ie, CalFit vs Actigraph
GT3X). The bias between instruments was evaluated using a

linear regression anadysis between the differences
(CalFit-Actigraph ~ GT3X) and the mean, as

0.5*(CalFit-Actigraph GT3X), of the 2 physical activity
measures, considering the bias to be significant when the
confidence interval of the coefficient did not contain the value
zero. Both regression coefficient and regression line of bias
were aso plotted into Bland-Altman plots indicated with red
letter and line, respectively.

As a senditivity analysis, previous comparisons were also
performed during coinciding days with at least 10 hours of
recorded activity, without control of the coinciding time periods,
to test the influence of nonmeasured periods on physical activity

Donaire-Gonzalez et al

agreement. All analyses were conducted using R-2.14.1 2011
(The R Foundation for Statistical Computing).

Results

The sample consisted of 36 participants, most of which were
women (23/36, 64%), with a mean age of 30.9 years (SD 7.9),

and mean body mass index of 22.2 kg/m? (SD 2.4) (Table 2).
Approximately 83% (30/36) were of Spanish nationality, 92%
(33/36) had high school or greater education, and 50% (18/36)
earned more than €2000 per month.

CalFit Usability

Of 180 possible days for recorded data, 19 were missing from
CalFit and 8 from the Actigraph GT3X. During recorded days,
there was a significant difference between the median time
recorded: 22 hoursfor CalFit and 24 hoursfor Actigraph GT3X
(Table 3). Also, there were differences for the percent of wear
time between CalFit and Actigraph GT3X (52% vs59%) (Table
3). The median number of days with at least 10 wearing hours
was 3 and 5 for CalFit and Actigraph GT3X, respectively.

The main reasons for failed CalFit data collection among the
11 subjects who recorded less than 3 valid assessment of
physical activity were: (1) 6 lost an average of 2 days of
recording because CalFit was inadvertently turned off, (2) 2
had problems with phone battery life and their daily routine,
and (3) 3 did not wear the phone.

Table 2. Sociodemographic and physical characteristics of all participants (N=36).

Sample characteristics Participants
Age (years), mean (SD) 31(8)
Gender, n (%)

Mae 13(36)
BMI (kg/m?), mean (SD) 22(2)
Educational level, n (%)

More than high school 33(92)

Less than high school 3(8)
Nationality, n (%)

Spanish 30(83)

Others 6 (17)
Monthly income (€)

More than 2000 18 (50)

L ess than 2000 18 (50)
Working status, n (%)

Working 32(89)

Studying 4(11)

http://www.jmir.org/2013/6/e111/

JMed Internet Res 2013 | vol. 15 | iss. 6 [e111 | p.70
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 3. Comparison of usability characteristics between Actigraph and CalFit.

Donaire-Gonzalez et al

Characteristic Actigraph GT3X CalFit P vaue
Days recorded (day), median (IQR) 5(5-5) 5(4.8-5.0) .03
Recorded time (min), median (IQR) 7200 (7200-7200) 6474 (4635-7068) <.001
Wearing time (min), median (IQR) 4109 (3735-4373) 2938 (2269-3652) <.001
Time coincident (min), median (IQR) 2825 (2110-3556)

Recorded time within recorded days (hour/day), median 24 (24-24) 22 (20-24) <.001
(IQR)

Worn timewithin recorded days (hour/day), median (IQR) 14 (12.5-15) 11 (10-13) <.001
Percent of worn time on recorded time within recorded ~ 58.5 (53-63) 51.6 (46-58) .03
days (%),median (IQR)

Number of dayswith at least 10 wearing hours (day), 5 (4-5) 3(2-4.2) <.001
median (IQR)

Participants with valid assessment of physical activity, n 34 (94) 25 (69) <.001

(%)

Validity of Physical Activity

The linear regression and correlation anaysis for average
vertical (VT) axis measuresfrom both devicesduring coinciding
wear-time periods showed a high association (adjusted R?=0.85;
Spearman correlation coefficient .932, 95% CI 0.931-0.933)
(Figure 2, part A). During coinciding time periods (mean
time/day, 2600 min), the mean difference between Actigraph
GT3X and CalFit for the duration of active time (>1.5 METYS)
was 2.24% (95% Cl 0.76-3.72) and for intensity of physical
activity was 0.07 METs (95% CI 0.04-0.1) (Figures 2, parts B
and C). The comparison for both the duration and intensity of
physical activity showed that the variability attributable to the
measurement method (which is the complementary to theratio
of between-subject variance to total variance) was less than
20% (Figures 2, parts B and C). There was no association
between difference and average of both measures neither for
duration (P=.55) nor for intensity (P=.22) of physical activity.

Validity of Physical Activity Through the Different
Intensity Thresholds

The comparison of measures of light, moderate, and vigorous
physical activity showed that less than 30% of the variability

http://www.jmir.org/2013/6/e111/

was attributable to the method of measurement (Figure 3). In
contrast to light and moderate physical activity, the CalFit
measures of vigorous physical activity showed a tendency to
underestimate the duration in vigorous physical activity as
activity levels increased (P=.01) compared to the Actigraph
GT3X measure (Figure 3, part C). Figure 4 shows there was a
significant underestimation in the intensity recorded by CalFit
when participants performed vigorous activity according to
Actigraph GT3X (CalFit: mean 5.9, SD 1.0; Actigraph: mean
7.1, SD 1.1; P<.001).

Sensitivity to M easurement Period

Depending on the time inclusion criteria selected, the average
difference between Actigraph GT3X and CalFit during light
physical activity changed from a small but significant
overestimation of 1.7% (95% CI 0.4-3.1) for coinciding time
periods to a nonsignificant underestimation of —11.5 min (95%
Cl —27 to 4.3) for coinciding valid days (Figure 3, part A vs
Figure 5, part A). There were no differences in duration of
moderate and vigorous physical activity across time inclusion
criteria (Figures 3, parts B and C vs Figures 5, parts B and C).

JMed Internet Res 2013 | vol. 15 | iss. 6 [e111 | p.71
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Donaire-Gonzalez et d

Figure2. Agreement between CalFit and Actigraph GT3X in vertical axis, duration, and energy expenditure in physical activity within the coinciding
measurement time periods. (A) accelerometer vertical axis measures, (B) duration in physical activity, and (C) intensity of physical activity.
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Figure 4. Comparison of average intensity recorded by CalFit and Actigraph GT3X within light, moderate, and vigorous physical activity identified

by Actigraph.
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of vigorous physical activity per day.

A (8) (€)
150 40 20 4
.
100
.
z . Mean+2SD z 20 . Mean+2SD z 107
13 £ 3
= 50 4 . ~ N £
3 o o by ° . . s - Mean+2SD
= ¢ o = . . . e
[0} *e . o e Y hd Mean o o o
< < LA . o < .
g °7 2 L) Mean g 21 LI . . g ° _—*2.'\ ~ ~ Mean
o DTS 2 . . o .
3 Wt . 3 . 3 .
< . < . <
é 50 - . & E Mean-2SD
= . £ Mean-2SD £
© . © .20 4 . S 10+ .
-100 ® *— Mean-2SD
.
CCC=0.825(0.682,0.908) CCC=0.902(0.813;0.950) CCC=0.734(0.561,0.845)
150 - Coefficient of bias = -0.135 ( -0.341 ; 0.071 ) 40 - Coefficient of bias = -0.032 ( -0.185 ; 0.12) 20 4 Coefficient of bias = -0.382 (-0.613 ; -0.152 )
T T T T T T T T T T T T T T T T T T T
150 200 250 300 350 400 450 500 20 40 60 80 0 2 4 8 8 10 12
Actigraph GT3X and CalFit average (min) Actigraph GT3X and CalFit average (min) Actigraph GT3X and CalFit average (min)
http://www.jmir.org/2013/6/e111/ JMed Internet Res 2013 | vol. 15 | iss. 6 [e111 | p.73

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Discussion

Principal Results

This study assessed the usability and validity of CalFit software
in a group of free-living volunteers. We compared CalFit to
physical activity measures with those obtained from the
Actigraph GT3X. The several approaches used to assess the
properties of the CalFit showed that (1) there is a strong
association between vertical axis measures from both devices;
(2) the measures of duration and energy expenditure in overall,
light, and moderate physical activity were highly concordant
between devices, whereas vigorous physical activity was
underestimated; (3) CalFit had lower usability compared to
Actigraph GT3X resulting in alower proportion of participants
with valid assessment of physical activity; and (4) sensitivity
analysis that compared the agreement within coinciding time
periods to the agreement within coinciding days with at least
10 hours of recorded activity showed that the disparities in
wearing-time periods between devices did not contribute to any
significant bias into the measured validity.

Comparison With Prior Work

To our knowledge, this is the first study to compare
accelerometer use on smartphones to measure physical activity
with a currently well-validated instrument [12]. Previous
research on physical activity assessment with mobile phones
has shown that they are a useful tool to perform interventions
[21] and are helpful for activity recognition [22-24]. In addition
to these advantages, using smartphones for physical activity
research opens up opportunities for reaching large numbers of
participants at a relatively low cost [9]. The acceptance and
usability of smartphones to measure physical activity on
free-living conditions was previously unknown. Here, we
showed that 25 of 36 (69%) participants who used CalFit
recorded at least 3 valid days, which is the minimum
recommended to assessdaily physical activity [25]. The greatest
weakness in CalFit usability was loss of data because of the
phone turning off and not having CalFit restart when the phone
was powered back on (50% of the missing data). In the current
version of CalFit, this problem has been solved by automatically
restarting CalFit each time the phone is turned on. The second
weakness wasthe battery life (recorded time and wearing time),
which was responsible for the other half of the missing data.
The difference in wearing time with the accelerometer was
partly because of participants having to charge the smartphone
during waking hours (as they were instructed to do). Since
conducting our study, we have found that newer generation
smartphones have improved battery life, and current field tests
indicate that CalFit is recording for longer durations without
charging [26].

Thisisalsothefirst study to comparethevalidity of the vertical
axis measures and to use the same algorithm for estimating
physical activity in 2 different instruments. The association of
thevertical axis measures between the 2 tool swas high (adjusted

R? 0.86; correlation coefficient .932; 95% CI 0.931-0.933),
which is within the range of the literature comparing different
models of Actigraph [27]. The concordance found in duration
and energy expenditure in physical activity measures of CalFit
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and Actigraph GT3X showed that the measures from CalFit
and Actigraph GT3X areinterchangeable (lessthan 20% of the
variability is attributable to differences between instruments).

Concordance in physical activity measures across different
definitions of time inclusion criteria showed that the results
remained constant despite the shorter wearing time of CalFit.
This suggests that the time charging the smartphone or the
shorter battery life did not have a significant influence on the
final measures. There was also a statistically significant bias
toward underestimation in measures of vigorous physical activity
estimated by CalFit compared to Actigraph GT3X. This may
be partially explained by the fact that we used average VT
measuresinstead of al measures per minute per participant and
because we assumed alinear relationship between accel eration
forces from smartphone and counts from Actigraph GT3X.

Strengths

One of the main strengths of this study is the use and testing
under free-living conditions. Participants maintained their daily
routines, which is difficult to replicate in controlled
environments. Another strength wasthe use of the concordance
measures for quantifying physical activity in addition to the
commonly used correlations. A third was using the Freedson
algorithm of physical activity for both instruments, which isa
valid algorithm for the different Actigraph models (CSA 1764,
GT1M, and GT3X) [28] that maximized the comparability
between the instruments [16]. Furthermore, because we used a
first-generation smartphone, our findings can be generalized
and expected to be better for the latter generations of
smartphones as a consequence of hardware evolution. Also,
future versions on CalFit will be developed for Android and
iPhone platforms.

The validation of smartphone accelerometry-based energy
expenditure has implications for both epidemiologic research
on physical activity aswell as for the growth of the practice of
medicine and public health by mobile applications (mHealth
applications). Beyond the current CalFit application, which is
focused on unobtrusive sensing of physical activity, may be
novel mHealth smartphone applications that not only record
physical activity, but attempt to intervene upon behavior [11,21].
For example, future use of smartphones may alow for
recognition of patterns of physical activity to better tailor
interventions to personal baselines and goals. Additionally,
future interventions may employ other aspects of smartphone
technology (eg, cal, text messaging, and Internet
communication capabilities) to combine physical activity
monitoring with motivational socia interactivity [21]. There
aremany possibilitiesfor creative uses of smartphones, and the
research presented here provides a foundation for better
understanding the energy expenditure estimates from this
technology.

The CalFit smartphone system has several advantages over
conventional accelerometers because of geol ocation information
both from cell phone towers and Wi-Fi networks and from GPS
satellites. This geolocation will allow usto improve the current
physical activity algorithm by including information such as
velocity of displacements, topographical challenges faced by
participants (stairs, slopes), and the environments (home, work)
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where physical activity occurred. Furthermore, this tool also
allows assessments of how the built and natural environment
may affect behavior or lead to other exposures. Our research
group has begun to demonstrate some of these advantages with
the same participants by characterizing where the physical
activity was done and quantifying the amount of pollution
inhaled by participants in these environments [29].

Limitations

Onelimitation of the present study wasthe use of aconvenience
sampl e of 36 participantswith ahigh educational level to assess
CalFit usability. However, this design has been efficient in
detecting the problems in usability. Further work needs to be
conducted in the population at large. Second, the use of the
Actigraph GT3X accelerometer asagold standard could be seen
asalimitation, but it isthe reference tool for assessing physical
activity inrea lifefor 5 days and has well-established validity
[30]. Theuse of an algorithm for the MET s estimation that only
takes into account the vertical axis of the accelerometersis a
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limitation that we could not avoid because there are currently
no published Actigraph GT3X algorithms using the 3 axes of
the accelerometer [31,32]. Finally, our definition of CalFit
wearing time was an operational definition and should not be
considered asareference until it istested in studies specifically
designed for this purpose.

Conclusions

Compared to the current gold standard instrument for population
studies, the smartphones fitted with CalFit supply useful and
valid estimatesfor quantifying and classifying physical activity
under free-living conditions. Although user compliance for
CalFit waslower than with the Actigraph GT3X, thisdifference
would likely diminishif participantswere allowed to |oad Cal Fit
onto their existing smartphones, which will be feasible in the
future. Such deployment would provide a cost-effective
approach for large epidemiological studies and mHealth
applications that rely upon measured physical activity.
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Abstract

Background: New possihilities for mHealth have arisen by means of the latest advances in mobile communications and
technologies. With more than 1 billion smartphones and 100 million tablets around the world, these devices can be a valuable
tool in health care management. Every aid for health care is welcome and necessary as shown by the more than 50 million
estimated deaths caused by illnesses or health conditionsin 2008. Some of these conditions have additional importance depending
on their prevalence.

Objective:  To study the existing applications for mobile devices exclusively dedicated to the eight most prevalent health
conditions by the latest update (2004) of the Globa Burden of Disease (GBD) of the World Health Organization (WHO):
iron-deficiency anemia, hearing loss, migraine, low vision, asthma, diabetes mellitus, osteoarthritis (OA), and unipolar depressive
disorders.

Methods: Two reviews have been carried out. The first one is a review of mobile applications in published articles retrieved
fromthefollowing systems: | EEE X plore, Scopus, ScienceDirect, Web of Knowledge, and PubMed. The second review iscarried
out by searching the most important commercial app stores. Google play, i Tunes, BlackBerry World, Windows Phone Apps+Games,
and Nokia's Ovi store. Finaly, two applications for each condition, one for each review, were selected for an in-depth analysis.

Results: Search queries up to April 2013 located 247 papers and more than 3673 apps related to the most prevalent conditions.
The conditions in descending order by the number of applications found in literature are diabetes, asthma, depression, hearing
loss, low vision, OA, anemia, and migraine. However when ordered by the number of commercia appsfound, thelist is diabetes,
depression, migraine, asthma, low vision, hearing loss, OA, and anemia. Excluding OA from the former list, the four most
prevalent conditions have fewer apps and research than the final four. Several results are extracted from the in-depth analysis:
most of the apps are designed for monitoring, assisting, or informing about the condition. Typically an Internet connection is not
required, and most of the apps are aimed for the general public and for nonclinical use. The preferred type of data visualization
istext followed by charts and pictures. Assistive and monitoring apps are shown to be frequently used, whereas informative and
educational apps are only occasionally used.

Conclusions: Distribution of work on mobile applicationsis not equal for the eight most prevalent conditions. Whereas some

conditions such as diabetes and depression have an overwhelming number of apps and research, thereis alack of appsrelated to
other conditions, such as anemia, hearing loss, or low vision, which must be filled.

(J Med Internet Res 2013;15(6):€120) doi:10.2196/jmir.2600
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apps, mHealth; mobile applications; prevalent conditions; World Health Organization (WHO)
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Introduction

Since the creation of the Internet, its massive use, especially in
developed countries, has generated new forms of technology in
almost every aspect of life [1]. One of these aspects is health
care; Internet technologies have initiated major advances in
telemedicine and tel ehealth, now present in every modern health
care organization [2]. In the field of telehealth, eHealth has
arisen as a paradigm involving the concepts of health,
technology, and commerce, with commerce and technology as
toolsinthe service of health [3]. Chang Liu et a (2011) perceive
eHealth applications as the software applications that provide
tools, processes, and communications in order to support
electronic health care practice [4]. In addition to this, with the
advent of wireless communications, there are no longer barriers
of space and time between health care providers and patients
[5]. The use of new wireless communications technology, such
as mobile telecommunications networks (2.5G, 3G, 4G,
HSPA+), Wireless Local Area Networks (WLAN), Wireless
Personal Area Networks (WPAN) including Bluetooth and
ZigBee, Wireless Body Area Network (WBAN), Wireless
Sensor Networks (WSN), Radio-frequency Identification
(RFID), and Worldwide Interoperability for Microwave Access
(WiMAX), hasgrestly boosted telemedicine and eHealth [5-12].

In this context and thanks to these advancesin communications,
anew term arises: mHealth, acomponent of eHealth. The Global
Observatory for eHealth (GOe) of the World Health
Organization (WHO) defines mHealth or mobile health as
“medical and public health practice supported by mobile devices,
such as mobile phones, patient monitoring devices, personal
digital assistants (PDAS), and other wireless devices’ [13].
While new wireless technologies were being developed, new
mobile devices were being created. In this way, PDAS, tablets,
and smartphones appeared on the market. Although PDAS
experienced a boom in the 1990s and early 2000s, they have
been replaced by smartphones and tablets with new functions
and utilities, which are common now in developed countries
[4]. There are aready more than 1.08 billion smartphones of a
total of 5 billion mobile phones around the world, with 80% of
the population having a mobile phone [14]. Regarding tablets,
International Data Corporation (IDC) conducted research on
their shipments showing 70.9 million shipments of tablets
worldwide in 2011 and an estimated 117.1 million and 165.9
million in 2012 and 2013 respectively [15]. Thus, thereisgreat
opportunity for mHealth in using these mobile devices and, in
fact, a significant number of mHealth applications have been
already developed for these platforms.

Telecommunications technology aside, it is clear that there is
still a long way to go in defeating illness. In 2008, WHO
estimated atotal of 56.8 million deaths and only 5.1 million of
them were caused by injuries. The rest were caused by
communicable disease, maternal and perinatal conditions and
nutritional  deficiencies (15.6 million deaths), and
noncommunicable conditions (36.1 million deaths) [16].
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Nevertheless, attention should be focused not only on the
diseases that cause death, but also the diseases or conditions
that can cause a disability or loss of health. In 2004, 2.9% of
theworld's population were severely disabled, and 12.4% were
moderately long-term disabled. In this context, it is essentia to
know the prevalence of an illness or condition, ie, the number
of people who have the condition at any moment [17].

According to WHO'slatest update (2004) of the Global Burden
of Disease (GBD) [17], the most prevalent conditions are
iron-deficiency anemia (IDA), hearing loss, migraine, low
vision, asthma, diabetes mellitus, osteoarthritis (OA), and
unipolar depressive disorder. The prevalence of each condition
isshown in Figure 1. IDA represents 50% of the total cases of
anemia (even though both terms are usually used
interchangeably, they are not the same). The biggest percentage
of affected can be found in underdeveloped and developing
zones, in Africa, South East Asia, and Western Pacific, most
of them women of reproductive age and children [18-20]. There
are two types of hearing loss: moderate or greater hearing loss,
which affect 275.7 million individuals, and mild hearing loss,
with 360.8 million individuals [21-24]. Migraines are the most
prevalent chronic neurological disorder in adults[25], with 11%
of affected in Western countries [26-30].

The Global Data on visual impairment 2010 [31] indicates 246
million people with low vision and 39 million blind, equaling
atotal of 285 million peoplewith any type of visual impairment
[32-34]. Asthma is the most common chronic disease in
childhood, and most asthma-related deaths take place in poor
and devel oping countries[35-38]. It isestimated that 347 million
people have diabetes mellitus[39], commonly named diabetes,
but different from diabetes insipidus [40-55]. OA is the most
prevalent musculoskeletal disease, and it is thought that 9.6%
of men and 18% of women over 60 years have this condition
[56-59]. Finally, there are more than 350 million individuals
with any unipolar or bipolar depressive disorder [60-63].

To date, there are many published articles about types of
wireless connections for mobile devices [8,9,64,65], articles
about evaluations of apps for specific objectives [66-68], and
reviews of apps of a determined device, software, or field
[4,69,70], but there are not articles about the deadliest or the
most prevalent conditions and diseases. Hence, the main aim
of this paper is to study the existing applications for maobile
devices exclusively dedicated to the eight most prevalent
conditions [17] and to analyze a sample of the apps for each
condition. The goal was to find the number of apps related to
each condition, their common features, comparing the
commercial ones with those used in research, and finding
possible gaps in the devel opment of these types of applications
and whatever el se might arise. For these purposes, areview has
been done: (1) research of published articles containing specific
target strings, obtained by search queries in a number of
databases, and (2) research of applications related to these
conditions in mobile phone application stores.
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Figure 1. The 8 most prevalent conditions by the WHO.
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Methods term “anaemia’. Similarly, on IEEE Xplore, the search string

Two different reviewswere developed. Thefirst wasaliterature
review and the second, acommercial applicationsreview. Both
were current as of April 2013. Finally, one app for each review
and each condition was chosen for an in-depth analysis and
comparison.

Literature Review

The literature review was developed on the following systems
and databases: IEEE Xplore, Scopus, ScienceDirect, Web of
Knowledge, and PubMed. After trying several combinations of
words and expressions, the following combinations of terms
were sought in the metadata field on each of these databases:
“condition name” AND mobile AND (applications OR
application OR apps OR app); m-health AND “condition name’;
“mobile phone” AND *“condition name”; smartphone AND
“condition name”, where “ condition name” isthe name of each
of the most prevalent conditions asthey areissued by [17]. The
results are limited to the last 10 years, from 2003 forward. The
eligibility criteriawerethefollowing: publications not centered
on applications using mobile phones or devices were dismissed,
as were Web applications not optimized for mobile phone
displays. Only papers published in English were studied. Papers
on applicationsfor several different diseases or conditionswere
rejected except for those with an important part of the
application dedicated to the related condition. Some aspects
were added due to the lack of sufficient results when executing
some searches. instead of the search strings with
“iron-deficiency anemia’, just “anemia’ was used and the British
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with “anemia’ was changed for the string anemia AND
applications. Finaly, the strings with “unipolar depressive
disorders’ werereplaced by stringswith “ depressive disorder”,
“depressive disorders’, “depressive episodes’, “depressive
episode”, and “ depression”.

Commercial Apps Review

The second review, the study of the commercia applications,
was carried out on the application stores of the most popular
smartphones brands [14,71] which are, in descending order of
market share, Google play of Google Android [72], Apple
iTunes[73], BlackBerry World of BlackBerry (previously RIM
or Research In Mation Limited) [74], Windows Phone
Appst+Games Store of Microsoft [75], and Nokia's Ovi Store
[76].

For this research, the name of the condition was searched (eg,
“hearing loss’) and the dligihility criteria used were the
following: applications not centered on the specific condition,
not in English, or those included in the category of games,
entertainment, or music were dismissed, aswell as applications
designed for pets or animals, and applications that are actually
journals or magazines about the condition. During the search,
the following issues were faced:

+ OniTunes, apps for iPod and iPhone were separate from
the ones for iPad, hence only apps for the first ones were
searched, excluding the apps exclusively designed for the
Apple tablet.

+ Instead of “iron-deficiency anemia’, theword searched was
“anemia’ dueto the lack of results.
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«  The Ovi search engine does not handle search phrases nor
logical operators such as “AND” or “OR” correctly;
therefore, the results for “hearing loss’ and “low vision”
weretotally distorted and these resultswere not considered.
In the case of “diabetes mellitus’, no problems were
presented because both words are very specific about the
condition.

« In the case of diabetes mellitus, the strings “diabetes
mellitus’ and “diabetes’ were used.

«  For “unipolar depressive disorders’, instead of this string,
“depressivedisorders’ and “ depression” were used because
of the absence of results.

- Therewere someissueswith Google play: when searching
for “depression” and “ diabetes’, the store indicated at |east
1000 results but showed only 480. Google was asked about
this conflict and the issueis still under investigation, but it
isassumed that the first number is the correct one (>1000).
In other cases such as the search for anemia, a certain
number of results had been found but while exploring the
results pages, the last pages (usually between one and three)
were blank. Consequently, the number indicated by the
store was different from the number of apps shown. In these
cases, the number of apps shown was the one used.

« In the case of depression and diabetes, only the first 20
applications were analyzed due to the number of results;
therefore, thereis potential for completely new investigative
work.

Eligibility Criteriafor the In-Depth Analysisand
Procedure

For thein-depth analysis, two applications were chosen for each
condition: one obtained from the literature research and the
other from the commercial apps review.

For the mobile applications found in publications, we decided
to study the most recent paper on each condition taking into
account only the year. In the case of two or more articles
published in the same year, the final article was selected
considering theimpact factor of thejournal whereitis published
(aconference articleis considered at alower level than journal
articles), and its number of citations. If, again, two or more
articles were published in the same journal and had the same
number of citations, these papers were read and the most
interesting according to the authors opinion was chosen.
Articles about reviews of several apps or with insufficient
information about the app were dismissed. If the app studied
was availablein stores, it was downl oaded and personally tested
on an iPhone 4 in the case of an iOS app or a Samsung Galaxy
S SCL GT-19003 in case of an Android app.

To evaluate the papers, after reading them individually, the
authors convened to discuss opinions and fill in a table of
features. For apps available on the market, one of the authors
downloaded them for ajoint evaluation at the meeting.

In the case of commercial apps, we preferred to choose apps
from the same store for every condition and to use the store
with the most extended software for smartphones. Therefore,
Google play was selected because Android fulfilled this
prerequisite [71]. For each condition, it was determined to opt
for the first relevant free app with a rating, by users, of 3 or
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more stars, which Google play shows when searching by the
condition sorted by popularity. In addition, another prerequisite
was that the app had to be designed for patients, not for health
care providers. This way, the most popular free app related to
the condition with an evaluation over the mean and designed
for the general public was analyzed. However, in the case of
anemia, every result with arating of 3 stars or more was aimed
at caregivers; hence, we made an exception where the selected
app was not intended for patients and did not fulfil all the
previousrequisites. The appsweretested on a Samsung Galaxy
S SCL GT-19003.

For the analysis of the commercia apps, the procedure followed
was similar to the one devel oped with the research papers. The
authors downloaded them on the mentioned mobile phone
Samsung Galaxy S before meeting to study the apps together
and complete the previoudly initiated table of features.

Results

Mobile Applicationsin Literature

The results of relevant papers on each database and each
condition are shown in Table 1. The last row contains the
number of different papers found for each condition.

Diabetes was the most investigated condition followed by
asthmaand depression. Thereisasignificant gap between these
three conditions and the rest since the next most investigated
conditions were hearing loss and low vision with 9 different
publications; this contrasts significantly with the 32 papers on
depression. The order of the remaining conditionsis: OA sixth,
anemia seventh, and migraines last.

Mobile Applicationsin Stores

Thefindings onthe commercial appsreview areshownin Table
2. It shows the number of relevant applications out of the total
number of applications found in each store. In the case of
diabetes mellitus and depression, the results obtained were
separated by “ diabetes mellitus’ and “diabetes’ in thefirst case,
and “ depressive disorders’ and “depression” in the second case.
The last row shows the addition of all the applications located
in al the stores for each condition, but it is important to note
that some of the applications designed for a specific system
were also designed for other systems. Thus, an application
developed for AppleiOS can also be devel oped for Android or
Windows Phone, for example.

These results illustrate that the store with most apps is Google
play, followed closely by iTunes. The rest of the stores have
fewer apps for the conditions searched. Windows Phone
Appst+Games Store is the third in number of applications, and
it seems that Ovi Store has more applications than BlackBerry
World, although that is not clear because of the malfunction of
its searching engine mentioned in the Methods section.

Comparing the number of conditions, it is obvious that the
conditions with more applications are diabetes and depression.
After these two, migraine and asthma are equal with 112 apps,
followed by low vision, hearing loss, OA, and finally anemia.

JMed Internet Res 2013 | vol. 15 | iss. 6 [e120 | p.81
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Martinez-Pérez et &

Analysis of a Sample of Reference Apps commercial apps.

The papers and the commercial apps studied are summarized  Tables 4 and 5 show the resuilts from the analysis of some
in Table 3 [77-97]. Figures 2 to 9 show snapshots from the  characteristics of the selected applications.

Table 1. Results of the literature review.

Anemia Hearingloss Migraine Lowvison Asthma Diabetesmelli- OA Depression
tus
|IEEE 2 4 2 0 8 16 0 6
Scopus 3 8 2 7 29 112 6 22
ScienceDirect 0 0 0 1 1 5 1 5
WoK 1 5 1 3 25 79 5 18
PubMed 1 2 1 1 16 53 3 13
Total 5 9 3 9 36 140 6 32

Table 2. Results of the commercia apps review.

Anemia Hearing Migraine  Lowvision Asthma Diabetes OA Depression
loss
Diabetes Diabetes Depression Depressive
mellitus disorders

Google 7174 17/42 57/201 33/43 44/226 >1000 19/67 16/46 >1000 1/5

Play

iTunes 7/21 32/37 46/102 30/46 57/124 605 17/21 5/16 419 0/0
BlackBerry 0/0 0/0 5/6 0/0 6/7 33 0/0 0/0 13 0/0
Windows  0/0 3/5 4/8 11 4/14 81 2/3 2/2 69 0/0

Ovi Store  0/0 - 0/0 - 1/2 40 15/40 1/1 35 -

Total 14 52 112 64 112 >1759 53 24 >1536 1
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Table 3. Summary of the papers and commercial apps.
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Health condition Name of the paper/app

Description

Anemia

Hearing loss

Migraine

Low vision

Asthma

Diabetes

OA

Depression

Activity and school attendance monitoring system
for adolescents with Sickle cell disease [77]

MD Series: Anemia - Free[78]

Mobile software Apps support personalized-SRO
and serial monitoring with resultsindicating early
detection of hearing loss[79]

Hearing Tests [80]

From atraditional behavioral management pro-
gramto an mHealth app: Lessonslearned in devel -
oping mHealth apps for existing health care pro-
grams[81]

My Headache Log Pro [82]

Crowdsourcing subjective fashion advice using
VizWiz: Challenges and opportunities [83]

A.l.type EZReader Theme Pack [85]

Contral of Allergic Rhinitis and Asthma Test
(CARAT): dissemination and applicationsin pri-
mary care [86]

SIGN Asthma Petient Guide [88]

The development of an innovative mobile
phone App for Type 1 diabetes alcohol education
[89]

OnTrack Diabetes[92]

PAGA S Portable and accurate gait analysis system
[93]

Osteoarthritis of knee [94]
CBT for depression: apilot RCT comparing mo-

bile phone vs computer [95]

Positive Thinking [97]

Paper about the app SickleSAM, designed for Android, whose purposeis moni-
toring the school attendance of children affected by sickle cell disease, which
usually causes anemia

App for caregivers that provides some educational tools for the diagnosis and
management of different types of anemiain adult patients

Article presenting asoftware application called Otol D used in aPDA connected
to an audiometric unit for monitoring hearing change because of ototoxic medi-
cation and others factors, using atesting protocol called Sensitive Range for
Ototoxicity (SRO)

App with ahearing test that uses sounds of different frequenciesin order to
check the user’s hearing

Application for behavioral migraine management for iPad called iBMM, which
can be used for learning relaxing and pain management techniques, tracking
migraine attacks and contacting a counselor

App for tracking headache attacks by creating adiary of them, with itstriggers,
symptoms and medications used, and it also allows emailing these notes to the
doctor

The authors use VizWiz [84] for assisting people with vision impairmentsin
matching garments and being dressed in afashion way, with the advice of some
volunteers

Keyboard design for Android smartphones with big keys, high contrast, helpful
colors, and audio aid, specially developed for people with visual problems

The authors talks about an app called m.Carat [87] developed for Android and
i0S, consisting of several modulesin which asthmaand alergic rhinitis (ARA)
patients can read news about ARA, record daily events and medications, quantify
the level of control of their ARA, and note tasks or reminders

Guidance for asthmatic patients and relativesin order to know and take control
over their condition. It has a section dedicated to patients and other dedicated
to parents or carers of asthmatic children

The authors devel op the app for iOS and Android Type 1 diabetesfriend: alcohol
guide [90,91], which tries to educate young people with type 1 diabetes about
alcohol, meeting clinical guidelines

App for managing diabetes by tracking several data, such as blood glucose and
pulse, medication, exercise, and weight

Paper about a system called PAGAS (Portable and Accurate Gait Analysis
System), whichincludes an Android app in asmartphone connected via Bluetooth
to a sensor positioned on the foot and whose purpose is monitoring the gait of
patients with altered gait because of different health conditons

App with information and animated exercises specially designed for osteoarthritis
of knee

The authors use in their study the application Virtual Clinic - The Get Happy
Program [96] for iOS, which is acognitive therapy intervention for the manage-
ment of depression through a comic book story in which users will learn how
to manage their depression

App that contains many quotes for hel ping depressed people and even allows
users to write and share their own thoughts
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Table4. Analysis of features (Part 1) of the selected apps.

Condition Name Rating Class Internet requirement  Clinical/Non-  Datavisualization
clinica
Anemia SickleSAM (not commer- - Tracking No Clinica Graphs
cial)
MD Series: Anemia— 4.9 Educational No Both Text
Free
Hearing loss OtolD (not commercial) - Diagnosis No Clinica Text, graphs
Hearing Tests 3 Diagnosis No Nonclinical Text
Migraine iBMM (not commercial) - Educational, guide-  Some functions Both Video, graphs, text
lines, monitoring
My HeadacheLogPro 4.1 Monitoring Only for sending Both Text, graphs
mails
Low vision VizWiz 45 Assistive Yes Nonclinical Photos, text, audio
EZReader Theme Pack 4.4 Assistive No Nonclinical Text, audio
Asthma m.Carat - Monitoring, assistive  Some functions Nonclinical Graphs, text, pictures
SIGN Asthma Patient 4.9 Informative, guide-  Some functions Nonclinical Text, pictures
Guide lines
Diabetes mellitus Type 1 diabetesfriend: - Educationd, informa-  Some sections Nonclinical Text, photos
alcohol guide tive
OnTrack Diabetes 45 Monitoring Only for sending Both Text, graphs
mails
Osteoarthritis PAGAS (not commer- - Medical results No Both Text, graphs
cial)
Osteoarthritis of knee 5 Treatment No Nonclinical Text, video
Depression VirtualClinic—The Get - Educational, guide-  Unknown Nonclinical Pictures, comic, text
Happy Program lines
Positive thinking 4.3 Kind of treatment ~ Some functions Nonclinical Text
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Table5. Analysis of features (Part 2) of the selected apps.

Martinez-Pérez et al

Name Context awareness Therapistintervention Interaction with  Frequency of use Interface Public
users
SickleSAM (not com-  User, location Yes No Continuous Simple School children
mercial)
MD Series: Anemia— No - No Occasional Not intuitive ~ Anemiaspecial-
Free ists
Otol D (not commercia) Ambient noise Yes No Regular Basic Ear specialists
Hearing Tests No No No Occasiond Basic General
iBMM (not commer-  No Yes No Frequency of migraine Not intuitive  General
cia) attacks
My HeadacheLog Pro  Preferences, loca=  Possible No Frequency of migraine Complex, sev- General
tion attacks eral functions
VizWiz Location No Yes, several ways Frequent Simple Genera
EZReader Theme Pack Language No No Every time keyboard is Basic General
used
m.Carat User, preferences, No No Constant Complex General
language
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Figure 2. Snapshot of MD Series: Anemia—Free.
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Figure 4. Snapshot of My Headache Log Pro.
DA all @ 11:06

My Headache Log

Record New View Log

B 7

Charts Triggers Symptoms

S

Medications Locations Email Log

Figure5. Snapshot of Al type EZReader Theme Pack.

28/02/2013 11:07
Hello, how are you?

Guardar Cancelar

hello | hola

http://www.jmir.org/2013/6/€120/ JMed Internet Res 2013 | vol. 15 | iss. 6 |€120 | p.87

X SL F (page number not for citation purposes)
-FO

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Martinez-Pérez et &

Figure 6. Snapshot of SIGN Asthma Patient Guide.
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Figure 8. Snapshot of Osteoarthritis of knee.
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Discussion

The results of the literature and the commercial reviews show
several interesting conclusions. First, the literature review
indicates that there are few results compared to the commercial
review. This means that the devel opment of mHealth apps has
a commercial and economic motivation more than a research
motivation. Maybe it would be better to merge both, ie, first
developing an app while investigating and then using it for
commercial purposes.

Another important finding is the difference in the number of
mobile applicationsfor different conditions. There are conditions
with more than 1000 apps, such as diabetes or depression while
there are others with a range between 14 and 112 apps. The
most prevalent condition (anemia) is surprisingly the second
with lessresearch and the first with less commercial apps, while
two of theless prevalent (diabetes and depression) arethe object
of a huge number of applications and research. This may be
becausethe majority of IDA casesarelocated in underdevel oped
or developing countries [17,18] where smartphones or tablets
are not as widely spread as in the developed countries, and
therefore, it is not worthwhile developing apps for IDA.
Meanwhile, diabetes or unipolar depression are common
conditions associ ated with modern lifestylestypical of developed
zones where there is a strong social conscience of these
conditions. However, thisis not borne out when comparing the
numbers of those affected by diabetes or depression and by IDA
in developed countries, because IDA is more extended in these
zones than the others. Hence, the probable explanation for this
lack of appsfor IDA isthat the social conscience of it is much
lessthan that of the othersand, therefore, it is underinvestigated.
For this reason, in light of the numbers, it could be profitable
and worthwhile creating apps for IDA.

Following the previous finding, the four most prevalent
conditions have fewer apps and research than the remaining
four, excluding OA. In addition, there is an important social
factor for some of the most preval ent conditions, such ashearing
lossor low vision. Therefore, it scemsthat thereisalack inthe
research on apps for these conditions and an opportunity for
developers.

Contrasting the literature review with the commercia review,
it is worth highlighting the cases of asthma and migraines. In
the literature, asthma has more results than depression, but it
has far fewer results in the commercial review. The opposite
occurs with migraines, which move from the last position in
number of literature results to the third position in the
commercia review. Therefore, there is more work done on
commercia apps for migraines than in research applications,
as opposed to the situation for asthma.

Finally, comparing the number of apps available on each store,
it is clear that application developers prefer Android and iOS
for their projects, followed distantly by Windows Phone. Ovi
Store and BlackBerry World suffer from a significant lack of
apps, which means that developers are not interested in these
markets. Thisis somewhat surprising in the case of BlackBerry
since it is the third smartphone platform in market share [71];
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hence, there may be an opportunity for developers to fill this
empty space in BlackBerry’'s app store.

Determined criteria were followed in order to select the latest
apps published inliterature and the most popular and best valued
by users' appsin commercial stores. The goal was to choose a
sample of reference apps to analyze. These findings are given
below.

Themajority of appsarefor monitoring, assistance, or informing
about the condition. In general, apps for diabetes, migraines,
and asthma are designed for monitoring the condition, and many
have informative sections (or stand-alone informative apps).
Apps for low vision are principally assistive, and the aim of
most apps for depression isto raise the mood of the affected in
several ways. But there are also informative and educational
apps, which cover the other conditions, except for anemia, for
almost every app isaimed for professional caregivers. For OA,
there are an equal number of educational tools and apps with
remedies or exercises for managing the pain, and for hearing
loss the apps are divided between apps for hearing checks and
informative apps.

Table 4 shows that for most apps, the Internet is not required
or only required for some functions such as sending emails,
whichisuseful for circumstances or situationswhere an I nternet
connection is not available. However, there are apps where an
Internet connection is required, eg, for VizWiz. Typically the
apps are not designed only for clinical purposes; proof of this
isthat only some apps developed for research are intended for
clinical use. Others can have nonclinical and clinical use (always
with the consent of the professional caregiver), but the majority
have nonclinical purposes. In addition, there is alink between
clinical apps and therapist intervention: if the app is clinical,
the therapist intervention is needed. If the app is applicable for
both clinical and nonclinical use, the therapist intervention is
possible, but not obligatory. With respect to users’ interaction,
most of the apps do not have this functionality and work as
stand-alone apps. Only those conditions that can berelieved in
some way with the collaboration of other affected individuals
or a determined community of users, such as depression or
diabetes, have apps with modules used for these
communications.

According to the results, the preferred method of data
visualization istext, followed by graphs and pictures or photos.
Whereastext visualization is used in almost every case, the use
of graphs is common in monitoring or tracking applicationsin
order to show data in a more comfortable and visual way.
Something similar occurs with pictures and videos, which are
normally used in apps with educational or informational
purposes, while audio isatypical aid of low vision appsand is
also used for hearing testsin hearing loss apps. Apps with only
text visualization or with text and pictures have generally a
basic or simple interface, whereas those with graphs or more
than two visualization types have a more complex interface,
not necessarily intuitive at first use. It is not shocking for apps
with several types of data visualization to have a complex
interface with several functions, but it is surprising that some
of them have such unintuitive ones. Developers need to be
careful when designing the interface and its use.
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Generally thereis no relation between the type of apps and the
types of context awareness. Only location awareness can be
linked to tracking and monitoring apps where it isimportant to
state the place where an event occurs. For frequency of use,
monitoring and assistive apps have acontinuous or very frequent
use, depending in some cases, such as migraine or asthma, on
the frequency of the attacks. The same happens with apps
designed to provide some kind of treatment. On the other hand,
educational or informative apps are used more infrequently. It
might be agood ideato merge monitoring and educational tools
in the same app in order to improve frequency of use, number
of users, and economic profit, but always with special attention
to theinterface design. Finally, the majority of the appsanalyzed
are aimed for the general public who are affected by each
condition, which is logical because usualy developers do not
want to reduce their user circle.

Martinez-Pérez et al

For future work there are various paths to take. It is necessary
tofill thelack of anemiaappsby creating one aimed for patients,
first educational and informative and then exploring other
possible opportunities. Another field to populate is related to
low vision and hearing loss apps because, as said before, there
are few compared with other less prevalent conditions.
Nevertheless, in this case it isimportant to carefully select the
intended user because most people with severe hearing loss or
low vision problems are over 60 yearsold in devel oped countries
and do not usually use a smartphone [98]. Hence, designing an
assistive app for a 16-50 year-old deaf/blind (or with a severe
disability) target group that typically has smartphones can be
very useful for the user and even profitable for the devel opers.
In addition to this, the possibilities for creating assistive apps
in these fields are enormous.
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Abstract

Background: Consumer and patient participation proved to be an effective approach for medical pictogram design, but it can
be costly and time-consuming. We proposed and eval uated an inexpensive approach that crowdsourced the pictogram eval uation
task to Amazon Mechanical Turk (MTurk) workers, who are usually referred to as the “turkers’.

Objective: To answer two research questions: (1) Is the turkers collective effort effective for identifying design problemsin
medical pictograms? and (2) Do the turkers demographic characteristics affect their performance in medical pictogram
comprehension?

Methods: We designed a Web-based survey (open-ended tests) to ask 100 US turkers to type in their guesses of the meaning
of 20 US pharmacopeia pictograms. Two judges independently coded the turkers' guessesinto four categories: correct, partially
correct, wrong, and completely wrong. The comprehensibility of a pictogram was measured by the percentage of correct guesses,
with each partially correct guess counted as 0.5 correct. We then conducted a content analysis on the turkers' interpretations to
identify misunderstandings and assess whether the misunderstandings were common. We also conducted a statistical analysisto
examine the relationship between turkers' demographic characteristics and their pictogram comprehension performance.

Results: The survey was completed within 3 days of our posting the task to the MTurk, and the collected data are publicly
availablein the multimediaappendix for download. The comprehensibility for the 20 tested pictograms ranged from 45% to 98%,
with an average of 72.5%. The comprehensibility scores of 10 pictograms were strongly correlated to the scores of the same
pictograms reported in another study that used oral response-based open-ended testing with local people. The turkers
misinterpretati ons shared common errorsthat exposed design problemsin the pictograms. Participant performance was positively
correlated with their educational level.

Conclusions: The results confirmed that crowdsourcing can be used as an effective and inexpensive approach for participatory
evaluation of medical pictograms. Through Web-based open-ended testing, the crowd can effectively identify problems in
pictogram designs. Theresultsalso confirmed that education has a significant effect on the comprehension of medical pictograms.
Since low-literate people are underrepresented in the turker population, further investigation is needed to examine to what extent
turkers' misunderstandings overlap with those elicited from low-literate people.

(J Med Internet Res 2013;15(6):€108) doi:10.2196/jmir.2513
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Introduction

The Department of Health and Human Services defines health
literacy as “the degree to which individuals have the capacity
to abtain, process, and understand basic health information and
services needed to make appropriate health decisions’ [1]. This
concept of health literacy is prevalent in the written materials
a patient may receive at a hospital, in pharmaceutical
instructions, verbal instructions, and any health information
encountered online.

Lengthy, purely text-based medical instructions have been
reported to result in poor patient attention, comprehension,
recall, and adherence. This challenge is particularly acute for
patients with low literacy levels, since medical instructions are
commonly written at alevel exceeding the average American’'s
reading level, and the average reading level is even lower in
certain regions, like inner cities and impoverished areas [2,3].

Many interventions have been designed to improve patients
understanding of medication. One promising approach isto add
pictorial aids or pictograms to patient information materials.
Many studies have shown that pictograms can enhance
text-based instructions by increasing patients' attention to the
instructions and their comprehension and recall of the content
details [2-10].

Studies have also shown that for pictograms to effectively
communicate medical instructions, consumers, patients, and
health professionals should be involved in the process of
iterative design and testing [10-12]. However, the cost for
participatory design can be high, considering the variety of
medical instructions and thetime expenditure for patients, health
professionals, and designers. Therefore, to date, participatory
design studies have been conducted only onasmall scale[2,7,9].

Crowdsourcing, with itslow cost of recruiting participants and
almost immediate access to a large number of Internet users,
provides an attractive option for participatory design and
evaluation of medical pictograms [13-18]. We envisioned
building a crowdsourcing tool in which Internet users could
create a variety of pictograms for any medical instruction, and
then the best pictograms would be selected by the crowd and
be evaluated for their comprehensibility.

Our concept has two critical components; crowdsourced
pictogram design and crowdsourced evaluation. In this study,
we focused on the crowdsourced evaluation. Specifically, we
aimed to assess the comprehensibility of standard US
Pharmacopeial Convention pictograms using Amazon

http://www.jmir.org/2013/6/€108/
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Mechanical Turk (MTurk). With hundreds of thousands of
turkersfrom over 100 countries, M Turk can help recruit alarge
number of diversified turkers to work on microtasks in a very
short time period at avery low cost, such asafew cents per user
response.

Our research questions are: (1) Is the turkers' collective effort
effectivefor identifying design problemsin medical pictograms?
and (2) Do the turkers demographic attributes affect their
performance in medical pictogram comprehension? We
hypothesized that turkers would be able to identify common
design problemsin medical pictograms. We also expected that
turkers with higher educational level and caregivers would
perform better in this task.

Methods

Our study consisted of three steps: first, searching for samples
of medical pictograms; second, programming and deploying
the Web-based survey; and third, setting up our survey on
MTurk. This section describes the details of each step of the
survey set-up.

Selecting the Medical Pictograms

Theideal pictogram candidates for this evaluation study would
be pictogramsthat were standardized, freely availablefor others
to use, and found on US pharmacological products. Based on
these criteria, we chose to use the US Pharmacopeia
Convention’'s Pictogram Library as the set of pictograms for
evaluation. The pictogram library contains 81 pictograms and
can be downloaded for free from their website. Many of the
pictogramsinclude identical or similar elements. For example,
the only differencein thetwo pictogramsin Figure 1 isthe order
of actions. If a person can understand the first pictogram, it is
reasonable to expect he or she could understand the second one
aswell. Therefore, we sel ected a set of representative pictograms
to minimize redundancy and maximize the inclusion of unique
elements. To avoid discomfort, we excluded the pictograms
illustrating private parts of human body. At the end, 20
pictograms remained in the test sample set. Figure 2 displays
the pictogram images and their official textual interpretations.

Figure 1. Pictogram redundancy.

> )8 %

Ot | | sefion

JMed Internet Res 2013 | vol. 15 | iss. 6 |€108 | p.98
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 2. The 20 pictograms and their comprehensibility scores.
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. “ . Correct Partially Incorrect
Pictogram Official description Score
guesses correct guesses
pIN(T Take 1 hour before meals 75.5% 13.3% 11.2% 82.1
SION
= ?f‘w Wash hands, place drops in nose,
)/“%\m ) 82.3% 14.1% 3.5% 89.4
NS wash hands again
Store in refrigerator 87.6% 6.9% 5.4% 91.1
% Do not take if pregnant 97.0% 2.5% 0.5% 98.3
A Call your doctor 79.5% 17.0% 3.5% 88.0
‘ y
ilda Eé I Dissolve in water 5.5% 93.5% 1.0% 52.2
7 Injection 41.0% 54.0% 5.0% 68.0
7 Shake well 51.0% 49.0% 0.0% 75.5
& If this medicine makes you dizzy,
?—% . ¥ t 18.8% 75.7% 5.4% 56.7
S do not drive
Do not smoke 94.6% 5.0% 0.5% 97.0
Check your pulse 95.0% 5.0% 0.0% 97.5
Do not take other medicines with
. . 23.5% 43.0% 33.5% 45.0
this medicine
Take in the morning 68.3% 14.4% 17.3% 75.5
Wear medical alert 38.1% 46.0% 15.8% 61.1
Dilute with water 11.9% 88.1% 0.0% 55.9
Use this medicine as a gargle 9.0% 80.6% 10.4% 49.3
Do not use additional salt 5.0% 90.6% 4.5% 50.2
Do not chew 61.9% 12.4% 25.7% 68.1
Take with glass of water 95.0% 3.0% 2.0% 96.5
Drink additional water 6.9% 90.1% 3.0% 52.0
Average 52.4% 40.2% 7.4% 725

Designing the Web-Based Survey

We designed and implemented a Web-based survey in theform
of open-ended tests. We chose the free Web service provided
by the Google App Engine to devel op and host the survey app.

http://www.jmir.org/2013/6/€108/

RenderX

The survey included 20 guesses, one for each test pictogram,
followed by a short demographic questionnaire at the end. For
each guess, the turkers viewed a medical pictogram and
answered a question: “What does this medical picturetell you
to do?’ by typing in their responses in the textbox (see Figure
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3). The demographic questionnaire asked for the participants
gender, age, educational level, number of children or senior
members in household, frequency of computer use, and
frequency of reading medical labels (see Figure 4).

In addition to the textual responses, we recorded the turkers' 1P
addresses for the purpose of removing redundant responses
because some turkers may have created multiple accountsto be
able to perform the same task multiple times in order to earn
more. Of course, more than one turker may share a compulter,

Figure 3. Interface of survey part |.

Yuet a

resulting inidentical |P addressesin multiple records. However,
we should be able to distinguish these turkers by checking the
differencesin their pictogram interpretations and their answers
to the demographic questions.

Once a participant finishes the entire survey, the survey app
generates a random eight-digit code. The participants should
submit this code to MTurk upon completion to verify that they
went through the whole survey procedure and to receive
payment.

MEDICAL PICTOGRAM

Pictogram #1 of 20
(© 1997 USPC

What does this medical picture tell you to do?

[ Next |

Figure 4. Interface of survey part Il.

MEDICAL PICTOGRAM

Thank you for describing the pictures.
Please fill out this brief survey.

Gender: () Male (1Female

Age: 23

Education (please select your level of completed education): | Graduate Degree :

Are there any children or seniors living in your household?

How many of them are living there? |3

Computer use (in hoursiweek): 10

Yes (JNo

How often do you read prescription labels? | weekly :

Comments:

Submit
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Setting Up the Task on M Turk

We created an MTurk requestor account to deploy the task,
titled “ Guesswhat theimage tellsyou.” Turkerswould also see
a brief description: “Please view each image and write an
instruction of what the image is telling you to do and answer
the short survey at the end.” A turker was paid US$0.30 for
interpreting the 20 pictograms and completing the short
demographic questionnaire. The requested number of turkers
for this task was set to 100.

To avoid spammers, we screened the turkers by setting the
minimum prior approval rate to 95%. We also restricted the
participants’ location to the United States. Considering that
previous studies have shown that cultural backgrounds and
ethnicity can have significant effectson people’'s comprehension
of pictograms|[4,10], it is our future work to extend this survey
to turkers outside the United Statesto study the effect of cultural
backgrounds.

Results

Data Quality Control

We collected the required number of responses within 3 days.
We received 104 responsesin total, which means 4 respondents
were not paid because they did not submit the confirmation
code. We ran the following investigation to ensure the quality
of thedata. First, we checked for duplicate records. After sorting
the data by participants’ |P addresses, we found three pairs of
responses with the same | P address. In two pairs, the pictogram
interpretations and the demographic survey answerswere nearly
identical, but the participation dates were different. We counted
them as duplicate records and kept only thefirst record of each
on file. In the third pair, the answers were different but valid;
the second participation record was not paid. It is most likely
that someone else “on-site” with that participating turker took
the survey voluntarily but did not submit the code. In this case,
we kept both records. Second, we identified the unpaid
“volunteers’. We checked to see which random codes assigned
by our app were not submitted to MTurk—these were
unsolicited volunteers who might have happened to find our
website through the participating turkers and who did the survey
out of curiosity. We found 4 such “volunteers’, one of whom
used the same IP address as 1 participating turker. An
examination of the volunteers' answers shows that they were
not spammers; therefore, we kept their answers in the dataset.

Table 1. Criteriafor judging open-ended interpretations.

Yuet a

Finally, we manually checked the quality of all responses. Only
1 participant was identified as a spammer; this record was
deleted from the dataset.

At the end of the process, the data that remained included
responses from 101 valid participants. The data are publicly
available for download (see Multimedia Appendix 1).

Coding Open-Ended Interpretations

The comprehension test method we used in this study is
open-ended testing, which is easier to construct and more
accurate than multiple-choice testing, and is considered as a
gold-standard in measuring symbol comprehension [19,20].
However, since the answers given by participants are usualy
short and ambiguous, it is difficult for judges to score them as
either correct or incorrect [21]. To facilitate judges’ scoring the
correctness of an interpretation and improving the reliability of
their scoring, we used the 4-point rating scale (see Table 1). For
example, for pictogram “take 1 hour before meals’, the
interpretation “take the pill one hour before eating” would be
rated as 1; “take before eating” as 2; “take medicine with food”
as 3; and “take one hour after eating” as 4.

Two coders independently rated all the interpretations. The
intercoder agreement was 0.83, based on the Krippendorff’s
alphameasurement, demonstrating ahigh concordance between
the 2 coders. A review of the disagreements showed that alarge
portion of the discrepancies were caused by the coders
judgments on whether to make inferences about the implicit
meaning in the responses. For example, for pictogram “takein
themorning”, anumber of participants gaveinterpretationslike
“take upon waking up”. In this case, one coder rated it 3 and
the other, 2.

For each pictogram, we calculated the percentages of correct,
partially correct, and incorrect (wrong or completely wrong)
guesses by each coder's assessment and then averaged the
percentages over the 2 coders (see Figure 2). On average, 52.4%
of theinterpretationswere correct, 40.2% were partially correct,
and 7.4% were incorrect. To help readers better understand the
distribution of correct, partialy correct, and incorrect guesses,
Figure 5 presents a visualization of the distribution for each of
the 20 pictograms. If a pictogram falls on the dotted diagonal
ling, it means al of its interpretations are either correct or
partially correct; all pictograms under the diagonal line received
at least one incorrect guess.

Rating Category Criteria

1 Correct The interpretation is the same as, or very close to, the official description. The description maintains the important
meaning and semantics of the official description.

2 Partially correct The interpretation misses some information, or adds information not included in the official description. However,
the discrepancies are minor.

3 Wrong The interpretation is very different from the official description; it is difficult to understand or is confusing.

4 Completely wrong The interpretation has no resemblance to the official description. It is completely wrong.
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Figure5. Distribution of correct and partially correct interpretations for the 20 pictograms.
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Estimating Comprehensibility of Pictograms

Comprehensibility is usually estimated as the percentage of
correct answers given by participants. However, as shown in
Figures 2 and 5, 40% of guesses were partially correct in our
data. To differentiate correct and partially correct guesses, we
adopted 1 SO's symbol testing procedures, which count partially
correct guesses as a fraction in the total correct [20]. For the
sake of simplicity, we counted each partially correct answer as
0.5 correct. With this treatment, the comprehensibility scores
for the 20 pictograms ranged from 45% to 98%, with an average
of 72.5% (Figure 2).

There have been several studieson the comprehensibility of the
US pharmacopeial pictograms conducted with local peoplein
South Africa[4], Finland [22], Portugal [23], and Hong Kong
[24]. Among the four studies, the Portuguese one used
multiple-choice test method—a method that could lead to an
inflation of 30% in the comprehension scores when distractor
alternatives were less plausible [25]. For the other three studies
that used open-ended testing, 10 pictogramsin the Hong Kong
study, 7 pictograms in the Finland study, and 5 pictograms in

http://www.jmir.org/2013/6/€108/
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the South Africa study, were the same or very similar to the
onesthat we used. Thus, we can conduct acomparison with the
Hong Kong study (the study with the closest pictograms to
ours). The education background of the participantsin the Hong
Kong study is aso the closest to ours: 81% postsecondary
education in the Hong Kong study and 92% in our study. In
contrast, the participants in the Finland study were children,
and the participantsin the South Africastudy were low-literate.
Note that the Hong Kong study used a different scoring
mechanism: 3 judges marked each response as either correct or
incorrect, and the final decision would be correct or incorrect
in case of perfect agreement and 0.5 correct otherwise.

Figure 6 showsthe comparison between our study and the Hong
Kong study on 10 pictograms. In the figure, the dotted diagonal
line represents that any pictogram falling on the line receives
the same score from the two studies. The Pearson correlation
between thetwo studieswas .85 (P=.002). The strong correlation
suggests that the pictogram evaluation result, which was
obtained through recruiting online turkersto type in responses,
is comparable to the result from recruiting local people to
provide oral responses to open-ended tests.
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Figure 6. Comparison on 10 pictograms between our study and the Hong Kong study.
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Comprehensibility score in our study

Content Analysisof Common Misinter pretations

Figure 7 lists common misinterpretations (similar
misinterpretations given by at least 2 turkers) for 9 pictograms.
The number in the parentheses shows how many turkers
described the pictogram in a similar way. For instance, in
pictogram “take 1 hour before meals’, 7 participants described
it as “take with food”, and 4 interpreted as “take 1 hour after
food”. Such critical misinterpretations may well explain why
Mansoor and Dowse added clocks in their redesign of the
pictogram to prevent people from making the time order error
[4,11].

An observation from these common misinterpretations is that
some concepts are difficult to represent graphicaly. For
example, it is hard to represent the modifier “additional” in the
text “do not use additional water” or “drink additional water”,
the verb “chew” in the text “do not chew”, and “morning” in
“take in the morning”. To solve this problem, pictogram
designers would use adternative strategies such as semantic
associations[10,26]. In pictogram “drink additional water”, the
US Pharmacopeia Convention used two (extra) glasses of water
as an example to represent “additional water”. However, the
concept “additional water” was still misunderstood as literally
two glasses, three glasses (including the one in hand), or even
four glasses (illusion). Hence, semantic associations may not
be reliable because their interpretation depends on whether the
underlying association or analogy can be identified by users.

Overdl, the content analysis result showed that turkers
misinterpretations shared common errors that exposed design
problems in the tested pictograms. This finding validates the
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utility of the crowdsourcing approach for the participatory
evaluation of medical pictograms.

Participant Demographics and Pictogram
Comprehension Score

Table 2 shows the demographic characteristics of the turkersin
our study and the relationships between the turkers
demographicsand their comprehensi on performance. The gender
distribution in our study, in which females accounted for 63%,
was similar to the general US turker population that Ipeirotis
reported in 2010 [27], in which females accounted for 65%.
The age distribution was dightly different, with turkers aged
35 years or more accounting for 51% in our study and 45% in
their study. The education distribution was also dlightly
different, with turkers who had college degrees or above
accounting for 59% in our study and 54% in their study.

We used a two-tailed t test to compare male and female
performance, and Spearman rank correlation to measure the
correl ations between the other ordinal demographic factorsand
participant performance. Females performed dlightly better than
males, but the difference was not significant (P=.078). Turkers
with higher levels of education had better comprehension scores
(Spearman rho=.25, P=.013), which isconsistent with previous
studies[28,29]. Educational level isthe only factor that affected
participant performance.

We also used Gamma test to measure the correlations among
the ordina demographic factors. No correlation was found
except an interesting but not surprising one, which wasthat the
number of children or seniors living in a household was
negatively correlated with the frequency of computer use
(gamma=-.33, P=.001).
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Figure 7. Common misinterpretations.
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Table 2. Participant demographics and pictogram comprehension score.
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Proportion Comprehension
Gender (n=97) P=.078
Male 37 70.7
Female .63 731
Educational level (n=99) P=.013
High school .08 69.2
Some college 32 71.4
College degree .37 72.3
Above college degree 22 75.0
Age (n=97) P=54
<25 13 69.5
26-35 .36 734
36-45 14 69.9
46-55 21 74.5
=56 .16 721
Hours of computer use per week (n=99) P=.69
<10 A1 71.1
11-20 .25 722
21-30 .16 73.8
31-40 19 724
241 .28 721
Prescription reading frequency (n=99) pP=.81
Daily .15 73.0
Weekly 19 715
Monthly .23 74.1
Every several months 25 70.9
Never A7 72.7
Number of children and seniors (n=83) pP=.70
0 A1 718
1 24 73.2
2 22 71.0
=23 A3 734

Discussion

Principal Findings

Our study aimed to assess whether MTurk, a popular
crowdsourcing platform, can be used for participatory evaluation
of medical pictograms. We recruited 100 US turkers to guess
the meaning of 20 US Pharmacopeial Convention pictograms.
The comprehensibility scorefor the 20 tested pi ctogramsranged
from 45% to 98%, with an average of 72.5%. The scores of 10
pictograms were strongly correlated to the scores of the same
pictograms reported in another study that used ord
response-based open-ended testing with local people[24]. The
turkers' misinterpretations shared common errors that exposed
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design problems in the tested pictograms. These results
demonstrate that MTurk can be an effective and inexpensive
tool for evaluating pictograms and identifying problemsin the
design of medical pictograms.

We al so investigated whether demographic factors (gender, age,
educational level, etc) affect participant performance. We found
that turkers with higher levels of education had better
comprehension performance—aresult consi stent with previous
studies on the effect of education [28,29].

Limitations

A limitation of our study, which was also discussed by Turner
et al regarding the use of MTurk in health communication [14],
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is that turkers, with relatively higher levels of education, may
not be a representative sample of the general population.
However, large crowds like MTurk are certainly more
representative and cost-effective than the convenience samples
intraditional participatory studies, which may consist of asfew
as 10 to 20 participants due to time and resource constraints
[10,12]. To better understand the crowd'’s representativeness,
further investigation is needed to examine to what extent turkers
misunderstandings overlap with those elicited from low-literate
people. In addition, the problem of lack of less-educated
participants may be greatly reduced when MTurk is available
on smart phones, since ethnic minorities and less-educated
people, according to the Pew Internet and American Life Project,
primarily use their phone for Web access [30].

Another limitation is that our current study recruited only US
turkers, and thuswe could not conduct any analysis of the effects
of cultural backgrounds, an important factor in pictogram
comprehension [4,10]. One advantage of recruiting participants
from MTurk is that one can recruit turkers from different
countrieswith avariety of languages and cultural backgrounds
[14]. It will be our future work to use this advantage to study
the effects of cultural backgrounds by recruiting turkers from
different countries.
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Future Work

We envision building a crowdsourcing tool that allows alarge
number of Internet users to design and evaluate medical
pictograms. In this paper, we focused only on crowdsourced
evaluation; in the future, we plan to recruit online users to
participate in the design of medical pictograms. Existing work
on crowd design, which asked turkers to iteratively sketch,
evaluate, and combine the designs of chairs for children, has
shown that a crowd-based design process can also be effective
[31]. It will be interesting to study how the crowd can be
effectively organized and motivated to design high-quality
medical pictograms and how the crowdsourcing approach could
complement automated illustration of patient instructions[32].

Another interesting direction is to investigate the potential of
asking the crowd to evaluate volumes of open-ended
interpretations. Open-ended testing isthe method recommended
by ANSI [19], but it is time-consuming and tedious for judges
to score a large number of interpretations—in our case each
judge needed to assess about 2000 interpretations. Clearly,
turkers can also be recruited for evaluating the interpretations
entered by their peers. Existing studies have shown that the
crowd can performwell on various annotation tasks, and actually
they may perform even better than experts as a result of
collective wisdom [18,33,34].
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Abstract

Background: Quantitative research on Internet-based cognitive behavioral therapy (ICBT) has collected substantial evidence
for the effectiveness of this treatment approach on health outcomes. Less is known about how patientsfind ICBT to be generally
meaningful and helpful for treating depression.

Objective: To explore patients experiences of being in ICBT treatment with a focus on the treatment dimensions that they
considered helpful.

Methods: Choosing a phenomenological-hermeneutical approach, 14 patients were interviewed with semistructured qualitative
interviews to dlicit their understanding of using ICBT. The patients took part in a clinical trial using ICBT with MoodGY M,
which also featured brief consultations with a clinical psychologist. The interviews were transcribed and analyzed according to
the chosen methodology and organized into significant themes.

Results:  The phenomenological-hermeneutical analysis identified 5 themes relating overall to the meaning of this mode of
treatment in terms of helpfulness. Two related to treatment in general: (1) taking action to address one’s problems and (2) the
value of talking to a professional. The next two themes specifically addressed guided self-help using the MoodGYM program:
(3) acquiring relevant knowledge, and (4) restructuring the new knowledge acquired through ICBT. A fifth theme concerned (5)
actual changesin patients’ perceptions and interactions, related to either the self-help material or the face-to-face consultations
with the therapist.

Conclusions: Threeimportant dimensionswere made explicit: the active engagement of the patient, the guidance of thetherapist,
and the content of the treatment program. The findings pointed to (1) the role of MoodGYM as a source of new knowledge
providing patients with a structured approach to work with their depression, (2) the patient’s role as the primary agent of change
through adapting relevant knowledge from MoodGY M to their situation, and (3) the dialogue with the therapist as a trusting
relationship in which to share thoughts and feelings, receive feedback and advice, and to assist the patient in making use of the
MoodGY M content.

(J Med Internet Res 2013;15(6):€126) doi:10.2196/jmir.2531
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Internet-based cognitive behavioral therapy; ICBT; guided self-help; depression; qualitative
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Introduction

Research has yielded promising results on the effects of
Internet-based cognitive behavioral therapy (ICBT) on arange
of mental health problems, including depression [1-3]. This
form of therapy has the advantage of increased availability and
at the same time puts less strain on therapeutic resources [4].
ICBT can be unguided, meaning that the patient works alone
with the self-help material; or it can be guided, meaning that
the patient enjoys some support and guidance from atherapist.
The research on ICBT and other computerized treatments to
date indicates that guided self-help and traditional
face-to-face-therapy may offer roughly the same success rates
for health outcomes [5], but it points to the importance of
providing userswith support during self-help programs|[2,3,6].
Still, the role of support is not well understood in terms of the
amount necessary or what it should offer [7,8].

The mechanisms through which ICBT is effective in reducing
depression remain unclear. Both specific and common factors
of treatment may serve as active ingredients [9]. Cognitive
behavioral therapy (CBT) aims to alter the maladaptive
structures and processes fundamental to depression [10], by
making use of both cognitive and behavioral strategies. A key
assumption in CBT is that the depressive patient can use CBT
to modify or deactivate his/her depressogenic schemaor develop
compensatory skills. A qualitative study has provided support
for the notion of compensatory skillsin face-to-face CBT, where
patients utilize the extensive self-therapeutic activitiesin CBT
to manage their depression [11]. Self-therapeutic activity may
involve the use of specific CBT techniques or personalized
adaptations. Further, the patient might understand and cope with
his’/her depressive symptoms in light of new psychological
knowledge. Similarly, self-therapeutic activity aimed at reducing
negative cognitions may be one active ingredient in ICBT.
Another line of psychotherapy research has shed light on
contextual factors contributing to treatment outcome. The
contextual model of psychotherapy [12] recognizes the
contributions and interdependencies of other elements beyond
the “bare-bones’ treatment models and techniques (eg,
mechanisms proposed by cognitive theory). These other factors
include the actual patient and his’her expectations, factors
outsidethe therapy situation (extra-therapeutic factors), and the
working alliance between therapist and patient. The term
working alliance refers to the partnership emerging between
the therapist and patient in order to achieve the patient’s goal
[13]. A robust relationship has been found between the quality
of the working alliance—which depends on both therapist and
patient factors—and outcome of treatment [14].

Although the effectiveness of computerized and I nternet-based
CBT isestablished, thereislittle agreement concerning the core
content [15] and therapeutic processin self-hel p treatments[16].
Research on possible mechanisms of change has been emerging
[9,16], and there is a need for studies aiming at furthering our
understanding of active ingredients and processes at work in
ICBT. Change in treatment specific factors for ICBT for
depression, such as dysfunctional attitudes, worrying, and
perceived control, has been found to mediate outcome [17].
Studies of the working alliance in Internet treatments report
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overal high ratingsthat are within the range of aliance ratings
in face-to-face therapy [18]. Qualitative research on unguided
ICBT has identified both CBT-related and patient aspects as
influencing depression. Issues such as computer and Internet
skillsand the patient’s need for emotional support were reported
as important influences during ICBT [6]. Qualitative research
into guided ICBT yielded similar findings. It seems that the
way patients work with CBT relates to the success of their
outcome and their opinion about the therapy: an active,
hands-on, self-reliant approach correlates with successful
outcomes and favorable opinions. The opposite caseisapassive
style of working that does not put new knowledge into practice,
skips parts of the course material, and isin need of more support
[19]. It isnot clear, however, what lies behind such differences
in approach or whether the cause might be low expectationsto
the treatment, or because the patient feels alack of helpfulness
during the ICBT process. Purves and Dutton [16] explored
patients experiences of the therapeutic processin an unguided
computerized CBT program and identified four themes in
interviews with patients. These included a meaningful
relationship with the self-help material, using the self-help
material to create structure to their psychologica state, being
stimulated by the self-help materia creating engagement, and
an increased sense of persona agency. In sum, the current
literature implies that specific and common factors contribute
to the outcome of ICBT. In order to improve effectiveness and
acceptability of such treatment packages, further examination
of these issues are warranted [9].

This study explores patients’ experiences of helpfulness in
guided Internet-based cognitive behavioral therapy for
depression. We intend to combine a pragmatic intention with a
phenomenological-hermeneutical  approach on  patient
experiences rather than on isolated patient factors. Such an
approach, inspired by Husserl, focuses on human experiencein
everyday life, explores a natural attitude, and understands the
whole of an experience [20]. Further, human beings have
intentional relationships with their surroundings and things in
their everyday lives, that is, relationships that are experienced
as meaningful. In this case, we mean to elucidate how patients
experience and give meaning to the phenomenon of ICBT in
an everyday context. Such experience can be narrated and
presented as text, which again calls for a hermeneutical
interpretation [21]. To grasp the essential meaning of ICBT,
thisstudy aimsto explorethe experiences of patientsinan ICBT
intervention with therapist support. Knowledge about what
patients experience as most helpful, and how patients understand
and implement the principles of CBT, isessential if we want to
improvethe quality of ICBT programs and patient support. The
current study aims to explore patients’ experiences with ICBT,
focusing especially on those aspects of the therapy that they
consider most helpful.

Methods

Design
This qualitative study was conducted in paralel with a

randomized controlled trial (RCT; ACTRN12610000257066).
Theam of the RCT wasto test atreatment approach with ICBT
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that could be feasible in general practice. It compares
Internet-based cognitive behavioral therapy interspersed with
brief personal sessionswith atherapist to awaiting list control
sample. Participants in the RCT were recruited for this
qualitative study when ending treatment. The first and second
authors of this paper took part in the planning of the RCT and
conducted the interviews. Thefirst author worked as atherapist
inthe RCT but did not interview her own patients. Both thefirst
and the second author conducting the interviews were blind to
the outcome of the patients at the time of the interviews.

Description of the Randomized Controlled Trial and
Treatment

Patients included in the RCT after an initial assessment had a
session with their therapist who introduced the self-help
program. The introduction focused on giving brief information
about the theoretical basis and the empirical support, aswell as
the content of the program and expected work load. Patients
were asked to complete the five modules of MoodGYM in
sequence, one per week. They were then followed up with
weekly, face-to-face consultations with the therapist over a
minimum of 7 weeks. A full course treatment included eight
consultations. However, the treatment protocol was quiteflexible
and alowed for delays in the treatment, and it did not have a
maximum limit for therapist sessions. In case of delays, the
therapist contacted the patientsto reschedul e anew appointment.

The consultations each lasted approximately 15-30 minutes,
similar to the time available in general practice. The guideline
script comprised three compulsory subjects:. (1) symptom
monitoring, (2) discussion of the topic of the last module in
MoodGY M, and (3) introducing the next module and discuss
patient mativation. If time permitted, other issues that patients
perceived asimportant to their depression were al so discussed.

The self-help program used in the randomized controlled trial
was MoodGY M. Its aim is to help patients prevent and cope
with depression, based on principles of cognitive behavioral
therapy [22,23]. It was developed at the Centre for Mental
Health Research at Australian National University, and its
effectivenessis empirically supported [24,25]. MoodGY M has
five modules containing texts explaining the basic principles
of CBT, a variety of self-tests and self-help exercises, and
homework in which the patient is invited to analyze some
personal experience in accordance with the principles of the
program. Although some of the contentin MoodGY M isgeneric
CBT, there are also some specific sections devoted to parental

Table 1. Main questionsin theinterview guide.
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relationships, relationship break-ups, problem solving, and even
relaxation.

In the RCT sample, 72.6% were female, and age ranged from
18-63 with a mean of 36.1. The number of treatment sessions
ranged from 1-12, with a median of 8 sessions; 40.1% did not
complete thetreatment program. The baseline depression scores,
as measured by the Beck Depression Inventory (BDI-11) [26],
had a mean of 21.7. A full description of the sample can be
obtained in the forthcoming paper presenting the results of the
RCT (personal communication by Heifadt, Ragnhild, March
2013).

Recruitment to the Interviews and Procedure

Overdl, the study was planned to provide complementary
knowledge production on ICBT different from the kind of
knowledge obtained in an RCT, hence the use of a qualitative
approach. The recruitment of patients to the interviews was
paralel to the randomized controlled trial, with patients
receiving oral and written information about our qualitative
study and an invitation to participate at their final consultation.
Recruitment was continuous until the desired total of 14
interviewswas reached. The recruitment procedure was strategic
in the sense that we aimed to include men and women, younger
and older, completers and noncompleters. The therapist would
provide the interviewer with contact details for consenting
patients. Patients could choose the location, either at their home
or at the university in comfortable everyday like settings. All
patients preferred to be interviewed at the university. The
interviews lasted for approximately 60 minutes, were recorded
using a digital voice recorder, transcribed verbatim by the
second author or a clerical assistant, and then coded using
NVIVO software. The initial coding procedure comprised a
separate coding by the first, second, and last author of two
interviews, and subsequently checked for consensus. During
the entire process of analysis, the coding and the subsequent
themes were discussed and reflected upon.

The researcher’s interview guide consisted of open questions
inviting the patients to narrate different aspects of their ICBT
experience: their motivation during progression, any changes
they madein their everyday life, and any changesthey perceived
in their condition. This prompted answers concerning, €g,
sociality, temporality, and spatiality of one’slifeworld (the sum
total of physical surroundings and everyday experiences that
make up an individual’s world). Asawhole, the interview was
performed as an open dialogue interview. Table 1 presents a
list of questions within each of the topic areas.

Topic Questions

Changesin everyday
life

What was your life like before you got depressed? What wasit like during your depression? How isit like after treatment? Can
you describe any changes you have made during thistime? Can you recall situationswhere you have acted differently asaresult

of the treatment? Do you think people close to you will have noticed any difference?

Moativation during
treatment

The treatment

What made you start treatment with MoodGY M? How did you progress through treatment? Which were important elements
in treatment? Did you experience any difficulties?

What did you think of the treatment? Was there anything you liked or disliked in particular? How did you like working with

the computer? How did you experience the rel ationship with the therapist? In what way were you able to influence the progression
through the treatment? Did you need to make any practical adjustment in your everyday life?
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The quaitative study from the onset employed a
phenomenol ogical-hermeneutical methodol ogy, which basically
means that we sought to elicit the way participants related to
the treatment. The approach is phenomenological in the sense
that it understands human experience as founded in a basic
relatedness to the world though merely living it in a naive way,
with a natural attitude. This experience, however, may be
expressed in narratives, actions, or reflections, showing the
intentionality of a human being, and may be described
scientifically. Thisapproach isinspired by Lindseth and Norberg
[21] who again rest their methodology on both Husserl,
Heidegger, and Ricoeur [21,27]. Semistructured interviewswere
conducted to elicit empirical information about patient
experiences in treatment, aiming to set aside “the taken for
granted” attitude of their lived experience.

Patients

Fourteen patients were recruited from the RCT sample. The
patients' interviewed were 5 men and 9 women (64%), aged
22-61 years. The number of consultations ranged from 3-11.
Three patients (21.4%) did not complete the treatment program.
At pretreatment assessment, Beck depression inventory scores
ranged from 10-28 (mean 18.27). At posttreatment assessment,
6 patients (42.8%) had not changed, 1 (7.1%) had improved,
and 7 (50%) had recovered, based on criteria for clinicaly
significant change [28].

Analysis

Carrying out a phenomenological analysis requires the
researcher to reflect carefully upon the taken for granted
statements of one’s informants and to approach these with an
attitude of “bracketing”, that is, to examine and question openly
what is being expressed [20]. Also according to Lindseth &
Norberg [21], aphenomenol ogica -hermeneutical analysiscycles
through different levels of understanding of the text material.
First, theinterview isread to achieve asuperficial understanding
of what the text is all about. Second, the text is analyzed in
terms of its meaning units (semantics) with a reflective
approach. The semantic units are then condensed to form themes
and subthemes that disclose meaning in everyday words rather
than merely portraying concepts. Also, thethemesdevelop from
the material rather than from theinterview topics. Theidentified
themes are, after the second step, compared with the initial
cursory understanding for validation. Third, the themes are
reviewed and reflected on as a whole, and an overall
understanding may be reached through critical reflection based
on theoretical literature. This procedure was adhered to, but it
was necessary to compare the themes not only with the naive
understanding but also with the original interview transcript.
And in the third step, comprehensive understanding was
achieved in light of theories about change processes in
psychotherapy. In summary, the analysis involved a dynamic
process moving between abstracted themes and the interview
transcripts for validation [27]. During the analytical steps,
essential meaningful experiences with the treatment were
identified and one of them was what counted as “helpful” for
the patients. The themes revealing what helpfulness consisted
of might emerge as pragmatic issues (which they were), but
what was experienced as helpful was also interpreted as

http://www.jmir.org/2013/6/e126/

Lillevoll et al

capturing exactly how the treatment became meaningful to the
patients.

Results

During analysis, several meaningful themes were identified
from the interviews. The overall topic chosen for this paper is
how patients perceive the treatment as being helpful. Another
paper focuses on motivational aspects of the treatment (personal
communication by Wilhelmsen, Maja, Jan. 2013).

Overall, we defined five themes reflecting perceived helpful
dimensions. Two themes were related to being in treatment in
general and were nonspecific to ICBT. These concerned (1)
taking action to address one’s problems and (2) the value of
talking to a professional. Two themes specifically addressed
the patients’ experiences with the self-help program material:
(3) acquiring relevant knowledge and (4) restructuring the new
knowledge. A fifth theme concerned (5) the way that patients
describe actual changes in perceptions and interactions with
their environment that patientsrel ate to the treatment they have
undergone.

Being in Treatment

Taking Action to Address One's Problem

In most cases, patients had been considering the pros and cons
of seeking help for a long time, even for years. One typical
response to taking this difficult step was the sense of relief and
satisfaction that patients felt when they took action to address
their problem. Some patients had not gotten very far with the
process and had not experienced any improvement, while others
were highly active during treatment and making deliberate
changesto their lives one step at atime. In both cases, patients
talked about the mere act of doing something asimportant:

Working with MoodGYM, the best thing about it all
was that | was doing something about it. You know,
coming to these sessions every week, getting to talk,
starting the next chapter. You know, the things |
worked with did not suffice, but | felt good working
with it. | felt sort of like | was getting out
from...getting back to normal. [Male (26)]

The analysis reflects the significance of moving from a state of
passivity to one of activity. Patients recounted that they had felt
aneed to move forward that brought them to seek help. Taking
action was in itself an achievement that engendered hope and
brought a positive effect. The treatment might not be all they
had hoped for, but patients still valued their own effort to try
and improve their own situation. This theme is related to
motivation in the treatment process, but it became evident in
the interviews that this affected how the patients were feeling,
as ameaningful event towards recovery.

Patients highlighted the easy accessto the treatment as another
important facilitator for taking action. The alternative for many
people with depression would be referral to specialist health
services, where long wait times leave patients passive. The
alternative of aprivate clinic leaves patients worried about their
financial liabilities. Our patients had low expectations about
the abilities of general practitioners to deal with
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depression—GPswere assumed to havelittletime on their hands
and little knowledge of mental illness. In general, our patients
were pleased to be offered a course of qualified therapy
universally available online at no cost.

The Value of Talking to a Professional

There was consensus among the interviewees that the
involvement of a therapist was vita in the treatment and that
talking to a professional is very important to them. The level
of satisfaction with the amount of contact with the therapist
varied a great deal. Some patients were quite satisfied, while
others came to realize that what they really wanted was
conventional face-to-face therapy, not guided ICBT. For all
patients, a trusting relationship with a professional was a
fundamental part of the treatment:

| thought it [the relationship with the therapist] was
really good! She didn’t make me fedl judged in any
way. She was very accommodating. Almost asif she
understood what | was talking about. She sometimes
was ahead of me about things | was going to say, in
a way. She understood very well what it was like.
[Female (22)]

Patients expressed a need to talk freely about their issues and
a chance to revea things about themselves without fear of
judgment. Their need for appropriate verbal communication
was significant. Communication with the therapi st was described
as different from everyday interaction with others, and patients
thought it essential to the treatment. The chance for patients to
share their experiences, innermost thoughts, and feelings was
something they found important:

In the first session | got to talk about it all. So...the
first session was very important...the first and the
second session, that was when | got to talk about the
things that troubled me. So | believe...l think it was
very important to be able to do that. [Male (26)]

Furthermore, thereciprocity of the rel ationship was emphasi zed:
not in the sense that the therapist and the patient are equal,
rather, therole of the therapist asa professional was appreciated.
The importance of a dialogue was stressed, where the patient
could ask questions, discuss issues with the therapist, receive
trustworthy feedback, and be supported and acknowledged:

But, | have sort of looked for...what shall | say, a
professional or an adult who has in some way
supported me in my thoughts about all the things |
do. Those things | do because | feel guilty, have to,
but in reality don't need to. | would like a verbal
confirmation that I’m doing enough! [Female (56)]

These aspects of the professional relationship, that is, having
someone you can trust, achanceto freely expressyourself, and
receiving individual affirmation, werefor somejust asimportant
as working with direct symptom relief or negative thought
patterns. It seems that by engaging in this dialogue, these
patients were reassured by the affirmation and support they
received.
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Internet-Based Cognitive Behavioral Therapy

One vital aspect of MoodGYM depression therapy is that
patients are actively engaged; they receive homework aimed at
challenging their repetitive automatic negative thoughts and
cognitive distortions. The latter two themes. (3) acquiring
relevant knowledge and (4) restructuring the new knowledge,
describe ways in which the content of MoodGYM was
experienced by patients. The extent to which patients could
relateto MoodGY M varied greatly, so these responses provided
insight into relevant dimensions of interacting with the program.

Acquiring Relevant Knowledge

Patients commonly describe features of the self-help material
as being experienced as particularly relevant, issues presented
in the program that “have to do with me”, or in contrast, issues
that were irrelevant. Typically, patients were more satisfied
with the standard content of CBT (eg, presenting the principles,
cognitive distortions) rather than the content aimed at specific
problems (eg, relationship break-ups, parental relationships).
Patients could accept some parts of the content being of little
relevance to them, as long as they could find other parts that
they could learn from:

Thefirst thing | came to the session and said, “ this,
this is huge’. It [a presentation of the basic
ABC-model of CBT] was the drawing we saw early
on, with situations, cognitions and feelings. | had
never seen that drawing before...and if | wereto draw
it, feelingswould never bein such a drawing. Because
I’ve ignored feelings...So that was, well, a first...a
sort of awakening. [Female (39)]

Thefact that a patient could recognize something in the program
content and feel its relevance was a way to feel support and
recognition in asituation that otherwise was unfamiliar or hard
to accept. The process of seeing relevance in the material is
intertwined with the process of learning and acquiring new
self-knowledge. Conversely, patients who found no relevance
in the material were unlikely to learn anything. So for some
respondents, the content raised awareness, reactivated
once-familiar knowledge, or provided new insights; whereas
for others, the feeling was that the content was not meaningful
to them:

Well, solittle by little, when | could only identify with
the character that was not depressed, then it like
became more and more...it was almost as if | felt
myself getting annoyed by those modules. And |
decided that this here stuff doesn’t give me anything.
[Female (28)]

Not all patients felt able to relate to the principles of CBT
presented in MoodGY M. Thiswas generally dueto amismatch
of the program aims and what patients perceived as their most
pressing problem. All our patients showed symptoms of
depression, but not all of them felt depressive thoughts and ideas
to be their principal problem. Some were quite clear in their
mind that ICBT would not provide the answer to their
difficulties, perhaps to the extent that they were unwilling or
unable to relate to the MoodGY M content.
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Restructuring the New Knowledge

Patients’ accounts of their experienceswith the program content
show how they reflected on the material, adapting or processing
it to suit their own perceived needs. Patients who found parts
of the self-help program relevant did not necessarily accept it
al uncritically, rather, they described an active process of
interpreting the material. This also meant reflecting on past
events, thoughts, and feelings in light of their newfound
understanding:

| felt it [working with the modules] took a long time
because | was sitting reading and trying to
interact...interact with what | read...It was not that
| struggled with the homework or with understanding
what it said, but | chose to spend time on it. [Female
(26)]

It was evident that the proposed approaches and techniques
were not universally suitable, and some patients went to
considerable lengths to restructure the content to suit their
perceived needs. A table in module 2 gives an overview of
distorted cognitions (Figure 1).

There were an awful lot of categories. How could |
makeit useful? On a daily basis, | had to merge some
into larger groups and then work out, like, “ Alright,
now |I'm making this type of mistake” . It had to be
restructured a bit, because | couldn’t be bothered to
sit and cramall of them. And | didn’t need to either.
[Male (33)]

The patients talked about how the program material made them
more aware of their own negative thinking and that this
awareness opened up for further reflections about the validity
of those thoughts, and how such thoughts are incorporatedin a
negative cyclethat also includesfeelings and actions. However,
not all patients were able to make adaptations of the material
to fit their own needs, despite recognizing the relevance of the
material. For some, bridging the gap between theoretical
concepts of negative thinking and making the ideas their own,
was far from easy. Sessions with the therapist helped the
bridging process by enhancing patients’ understanding and ideas
about program content: “Indeed the conversations helped make
the content of the Internet form more elastic”. [Female (39)]

Actual Changesin Perceptions and | nteractions

Patients described changes in both thought and behavior as
essential. Some changes were clearly related to what they
learned from the self-help program, eg, testing the truth value
of their negative thinking or using specific techniques from the
program, whereas other changes had been discussed with the
therapist in the sessions and were not directly related to the
self-help program. Changesin thought patterns, where patients
started to question the content and validity of their depressive
ideas, were a specific result of the self-help techniques:

And also in relation to the business of structuring and
categorizing thoughts and mindsets, and doing a
reality check on what you're thinking, related to what
has happened or what you're feeling—that has been
very helpful to me. What doesthisreally mean? Where
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doesthis come from? This has been very useful to me.
[Female (39)]

The patients were describing how they came to redlize that
thoughts and ideas about an event are not accurate
representations of reality. Moreover, they might be biased and
need careful scrutiny. Questioning the validity of thoughts and
ideas made room to explore other possible interpretations, and
this process helped give patients more flexibility in their
thinking. It showed, for example, how a bias in their mindset
might be making their depression worse. Behavioral changes
could follow such cognitive changes, including how patients
related to events and how they discussed things with others. A
technique in module 3 distinguishes observations from
interpretations (Figure 2). The following quote illustrates how
an exercise from MoodGYM (“ The Reporter”) isincorporated
by one patient:

There were some things | remember, and that was
when | got that far in the program, then they talked
about a reporter. |'ve given that much thought, and
that's something I'll take with me. Actually, | aman
emotional person, and sometimes | get annoyed with
myself...And then there was this here reporter...her
name is Vold. She [a Norwegian television reporter]
reports from the Middle East and Palestine, and |
think she's good. And | imagined her in front of
me...she's in the midst of fighting, or they are
shooting, or they are fighting all around her, or at
least in the background. And she's standing there
trying to report accurately on what has happened. |
think it’'sadmirable. So I've had her with mein quite
a few situations. [Female (61)]

Other behavioral changes served to break a negative cycle of
self-recrimination, inactivity, and withdrawal. These changes
could produce positive secondary benefits for the patients,
including getting closer to the people around them:

| got to know her [his partner’'s] kids better, for

instance. That's very positive. [Interviewer: “ How

did that happen?’] W&ll, | tried to make the best of

it and play with them, not going into a room and

hiding away all by myself. [Male (26)]
Some changes described by the patients revealed that their
self-perception had tended to move in a positive direction,
towards self-acceptance. Thiswas evident from statements that
revealed a more self-accepting and less self-critical attitude
towards themselves:

If you have done something that you' re not completely
satisfied with, you should not think that you're a
terrible person. That you can actually get afirmgrip
onit and work with it. [Female (41)]

Some of the changes patients made in their daily lives sprang
out of the sessions with the therapist, but were not directly
related to any of the program material. Examples might be
practical solutions to problems discussed in the sessions, or
specific strategies to break a negative cycle, designed
specifically for the patient’s own situation: “ Yes, we had to find
practical solutions, becauseit’s not alwaysthat positive thinking
can silence the negative” [Female (22)]

JMed Internet Res 2013 | vol. 15 | iss. 6 [€126 | p.114
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Lillevoll et a
Thisisan illustration that patients could also experience other  practical problems that needed to be tackled, in addition to the
difficulties in their lives that needed attention. Examples are  cognitive behavioral therapy provided in the self-help program.

Figure 1. Screenshot from module 2 in MoodGY M.

MoodGYM uses a list of typical errors developed by David Burns ("Feeling Good, the New Mood

Therapy"). Others are available.

{4
THOUGHTS -
- David Burns’ Warped Thoughts

UNWARPING

DE-STRESSING For each type of thinking, click the icon for examples.

RELATIONSHIPS
WARPED THOUGHT ©  DEFINITION © CLICK ICONS FOR EXAMPLES

PROGRESS .
ALL or NONE :  Ewverything is perceived to be either full on or | il
thinking  full off. o 'I“ 3 E s

. If something isn't fully completed! or right/ or ; B
none ¢ perfect! then its entirely uncompleted/ :

wrong/spoiled

as a pattern of mistakes, and emors

Overgeneralization - One example of a mistake or error is interpreted '
— P oo

Mental Fliter © One (negative) part of the picture is examined to ; ﬂ o
- the exclusion of the larger (positive) part. i L e o e

Disqualifying the : Dismissing or ignorng any positive somment! i m sl ol

Paositive : achievement! compliment “h Byl e

Jumping to © You think negatively about something without

Conclusions o supporting evidence. There are two errors:

The fortune teller error:
+ You truly believe that you know what will happen
e L in the future, without evidence

: Mind reading: You think without any evidence :
» B g ¥ : =
Ax ¢ that someane is thinking nagatively about you il ‘I"' SE .-“‘

Figure 2. Screenshot from module 3 in MoodGY M.

[ BACK NEXT »

Taking the role of a reporter

(turning Clark Kent into Superman).
This is the first method for contesting warpy thoughts other than "Straight Talking”.
DE-STRESSING

PROGRESS

Take the role of reporter (turning Clark Kent into Superman)
Consider taking the role of a reporter describing the events that
you get upset by. This will allow you to step back from your deep
involvement and automatic responses and allow you to distinguish
observations from interpretations.
Let's go back to the broken car: Do you remember what Moody
said here?

next ¥

View text description
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Discussion

Principal Findings

The previous section has looked at what patients experienced
as helpful with regards to treatment. These comprised basic
dimensions as the very act of seeking help and being in a
therapeutic relationship with a professional. Patients described
their experiences of the specific CBT delivered by MoodGY M
asasource of relevant knowledge that they adapted to their own
situation and implemented in their everyday lives. Overdl, the
phenomenol ogical-hermeneutical analysis gave knowledge of
several experienceswith ICBT concerning helpfulness but also
provided a whole impression of how these experiences were
related and understood. The patient identifies with and learns
from MoodGYM materia that stimulates them to engage in
self-therapeutic activity. This processis supported through the
consultations with the therapist. In addition, the relationship
with the therapist had afunction beyond supporting MoodGY M
use, in providing an arenafor sharing thoughts and feelings and
receiving feedback and advice.

Regarding help-seeking, patients described that making a
commitment to therapy was a great help suggesting that
dimensions within the patient, not directly related to treatment
content, have an influence on outcomes. Taking action to
improve one's situation is away of regaining control, referred
to by previousauthors as empowerment [ 16] or being compelled
to take action [29,30]. Taking action would include making a
commitment to the ICBT treatment and accepting its
methodology, which again can be interpreted as an expression
of the treatment relationship or the working alliance. The
working allianceis shaped within the context of the therapy and
represents the bond between therapist and patient, aswell asa
shared understanding of the work and goals of the treatment
[13,31,32]. The patients were given an explanation of ICBT,
and most accepted self-help therapy as a way forward with
themselves being the primary agent of change. Yet there were
also cases where the commitment was poor, and the patient did
not accept the basic premises of ICBT or deemed the content
of MoodGYM inappropriate to their needs. This resulted in
poor motivation and little active engagement in the treatment.
The success of the working alliance is strongly related to the
success of the therapy outcome [33,34], which indicates that
establishing a common understanding of the aims of the
treatment isavital key to recovery. There are findings pointing
to the ability of patients to develop a meaningful relationship
within afully computerized treatment [16]. However, research
findings concerning the working aliance in ICBT are
inconclusive [18], and further research, particularly in relation
to the type of support (face-to-face, telephone, or electronic
messages) and treatment outcome is warranted.

The presence of a therapist was important in several ways. It
means a trusting relationship can be developed, and patients
have achannel for self-disclosure and supportive response. The
need for disclosing thoughts and feelings, interaction, and
feedback has been highlighted in previous studies [6,29,35],
pointing to therole of the therapist in the therapeutic relationship
aswarm, empathic, affirming, and engaging [36]. In aprevious
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study, patients reported difficulties in translating computerized
CBT content to their own social situation [6]. In the current
study, sessionswith the therapist added to the self-help program
by opening up for discussion of the program content, assisting
the patients in their understanding of the content. As such, the
role of the therapist influenced the specific CBT dimensions.
As in previous studies, some patients deemed the sessions
confined and desired more conversation with atherapist to gain
a deeper understanding of their problems [19,29]. Another
benefit was that the therapist could step in when problemswere
beyond the scope of the program or tender helpful practical
advice tailored to the individual. Clinicians consider a lack of
these possibilities as potential drawbacks of ICBT [37]. Thus,
patients and therapists value the flexibility and possibility to
individually adapt theintervention in away only human support
can provide.

Acquiring new knowledge was a significant benefit from
involvement in the MoodGYM program. Patients described
themselves being able to relate to cases presented in the
program. Patients actively sought out the parts of the program
helpful to them and found ways to utilize this new knowledge.
The findings show that these patients were not simply passive
recipients of insights gleaned from MoodGY M, rather they were
active seekers of relevant information, evaluated its validity,
and adapted their new knowledgeto their own persona situation.
These findings are consistent with the perspective of patient
involvement in psychotherapy [38] and with previous research
where the self-help material stimulates new learning, making
patients able to create more structure and order, and break
problems down to smaller entities [6,16,19,30]. Within this
perspective, the patient is an active agent, entering therapy with
someideas of what they need, sel ecting from therapy what they
consider useful, making independent assessments of results,
and integrating therapy experiences into everyday life.

Patients talked about self-therapeutic activities in terms of
implementing their own adaptations of MoodGY M content and
discussions with the therapist. Commonly, patients reported
general insights and increased awareness of negative automatic
thoughts and cognitive distortionsin real life, similar to previous
observationsin ICBT [19] and face-to-face CBT [11]. For some
patients, these insights enabled them to challenge the validity
of such wunruly thoughts. Changes in behavior and
communication could bring secondary benefits, further
strengthening the positive processesin play. Some changeswere
subtler, not being specifically bound to any given situation but
seemed to represent a shift in self-esteem across al situations,
with the patient becoming more self-accepting and less
judgmental.

Inlight of the findings from the current qualitative study, guided
ICBT with MoodGY M can be viewed as a dynamic process, in
which the patient and the therapist work together within the
self-help framework offered by the online treatment program.

Implications of the Study

The results of this study highlight how ICBT can be a useful
treatment for depression by providing insight into everyday life
experiences with this mode of treatment. This has brought
forward both patient-near experiences and pragmatic solutions
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to identified problems. The results specifically illustrate the
dynamicinterplay between the patient’slifeworld, the therapist,
and the ICBT treatment program. Thisisimportant to keep in
mind for the future development and implementation of guided
self-help.

The collaborative nature of guided ICBT is evident from the
results of this study. The patient plays an active role in the
therapeutic process, and this point should be explicitly stated
before and during the course of the treatment. Needless to say,
individual patients have different capacities to get involved,
some needing more support and encouragement than others.

The ease with which patients could adapt standard principles
to suit their own situations varied a great deal. Thisrealization
should help inform continuing devel opment of online self-help
programs. In general, generic CBT modules were experienced
as more relevant than modules targeting specific issues (eg,
problem solving, relaxation), supporting previousfindings[39].
Principles and descriptionsin the program should be generic to
the extent they are recognizable to the patient, yet designed to
work with patients with a specific diagnosis[40], but adaptable
to an everyday context. This precise diagnosis or description
of the patient’s problem needs to be prepared beforehand,
allowing the patient to be matched to the most suitable program

package [7].

Whether therapist support is provided through email, telephone
cals, or face-to-face, it can be assumed to contribute to the
outcome of thetherapy directly and indirectly. Therapist support
should offer the opportunity for alevel of self-disclosure, in a
nonjudgmental setting where patients can expect relevant,
supportive feedback. The therapist aso serves an important
function to help patients understand the principles of CBT and
hel p patients make the transformation from principle to everyday
practice.

The role of the therapist was also vital when patients needed
individual guidance or advice about how to deal with everyday
challenges that might otherwise get in the way of treatment
progress. Practical advice from atherapist, or an inspirational
session with a sympathetic adult, could provide the motivation
to embark on manageable, significant changes.

The findings of the present study point to the dimensions
experienced as important by the patients interviewed, and the
meaning of this mode of treatment in terms of moving from
depression towards recovery. These findings may serve as a
hint on how to continue to improve the practice of ICBT. It
remains to explore what conditionsin ICBT are sufficient and
necessary to aid patients, and what distinguishes processes
resulting in change from those ending in no change or
deterioration.
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Limitations

The sample of patients in this study is small, consisting of
individuals who volunteered to join a randomized controlled
trial and attend the interviews. Possibly they were highly
motivated to participate in research, and they are in some way
different from other potential candidates who chose not to be
interviewed. Furthermore, recruiting noncompl eters turned out
to be difficult, and thus the completers are overrepresented in
the sample. This is a limitation of the study. It is likely that
completers and noncompleters have divergent views regarding
the helpfulness of the treatment, and we recommend further
research into the treatment experiences of noncompleters of
ICBT. However, there were differences within the sample
regarding outcome, and accordingly, the results al so reflect the
views of patients who did not improve.

The study examined patients experiences with an online
self-help program, incorporating occasional, brief face-to-face
sessions with a therapist. By contrast, Internet-based therapy
typicaly gives guidance through electronic messages or
telephonecalls. It is possiblethat the treatment examined in the
current study has a greater resemblance to conventional
psychotherapy than to Web-based self-help. Further
investigation could identify other possible themesfor discussion
in other forms of Web-based self-help therapies.

The interviews were conducted shortly after the end of
treatment, thereforeit is not possible to evaluate to what extent
potentially helpful elementsimpacted on patients' lives. It may
be that patients were still “fired up” by the therapy at the time
of the interview, but this does not necessarily mean they
experienced any long-term improvements. Some findings
suggest that patients can continue to engage in self-therapeutic
CBT for as much as 3 months after ending treatment [11], but
further research is needed to shed light on patient agency in
CBT.

Conclusion

Elements in ICBT that are perceived as helpful represent the
essence of the patients experience with ICBT. This can be
viewed from the perspective of the contextual model of
psychotherapy, which highlights the dynamic and collaborative
nature of Internet-based self-help. The findings of the current
study pointed to MoodGY M asasource of relevant knowledge,
providing a structured approach to working with depression.
The role of the patient as the primary agent of change is
highlighted, through his/her engagement in treatment, seeking
knowledge, and employing it to the personal context. During
the intervening guidance sessions, the therapist played a useful
role by facilitating the understanding and explaining the
relevance of the generic MoodGYM content, providing
professional feedback and interpersonal support, as well as
giving practical advice.
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Abstract

Background: Internet users use search engines to look for information online, including health information. Researchers in
medical informatics have found ahigh correlation of the occurrence of certain search queries and theincidence of certain diseases.
Consumers' search for information about diseases is related to current health status with regard to a disease and to the social
environments that shape the public’s attitudes and behaviors.

Objective: Thisstudy aimed to investigate the extent to which public health risk perception as demonstrated by onlineinformation
searchesrelated to ahealth risk can be explained by theincidence of the health risk and social components of a specific population’s
environment. Using an ecological perspective, we suggest that a population’s general concern for a health risk is formed by the
incidence of the risk and social (eg, media attention) factors related with the risk.

Methods: We constructed a dataset that included state-level data from 32 states on the incidence of the flu; a number of social
factors, such as media attention to the flu; private resources, such as education and health insurance coverage; public resources,
such as hospital beds and primary physicians; and utilization of these resources, including inpatient days and outpatient visits.
We then explored whether online information searches about the flu (seasonal and pandemic flu) can be predicted using these
variables. We used factor analysis to construct indexes for sets of socia factors (private resources, public resources). We then
applied panel data multiple regression analysis to exploit both time-series and cross-sectional variation in the data over a 7-year
period.

Results: Overal, the results provide evidence that the main effects of independent variables—the incidence of the flu (P<.001);
social factors, including media attention (P<.001); private resources, including life quality (P<.001) and health lifestyles (P=.009);
and public resources, such as hospital care utilization (P=.008) and public health funds (P=.02)—have significant effects on Web
searchesfor queriesrelated to the flu. After controlling for the number of reported disease cases and Internet access rate by state,

we estimate the contribution of social factors to the public health risk perception levels by state (R?=23.37%). The interaction
effects between fluincidence and social factorsfor our search termsdid not add to the explanatory power of our regression models

(RP<1%).
Conclusions: Our study suggests a practical way to measure the public’s health risk perception for certain diseases using online
information search volume by state. The social environment influences public risk perception regardless of disease incidence.

Thus, monitoring the social variables can be very helpful in being ready to respond to the public’s behavior in dealing with public
health threats.

(J Med Internet Res 2013;15(6):€114) doi:10.2196/jmir.2401
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health risk perception; social influence; ecological system
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Introduction

The Internet has rapidly become an important source of health
information: 61% of American Internet users have searched for
health information online [1]. Most American Internet users
primarily use search engines to look for information including
health information [2-4]. Researchers in medical informatics
have found a high correlation of the occurrence of certain search
gueries and the incidence of certain diseases, especialy
infectious diseases (eg, the flu), and thus have suggested the
use of search query data for syndromic surveillance, or early
detection of outbreaks [5-10]; this body of research has been
well framed [11-16] and termed infodemiology by Eysenbach

[6,17].

The existence of a correlation between search query volume
and disease outbreaks raises a number of questions. Is the
occurrence of certain search queries fully accounted for by the
incidence of certain diseases? Do consumers search for online
information related to a certain disease only when they have
symptoms related to the disease? Are there situations in which
consumers without any symptoms related to the disease search
for online information related to the disease?

The perception of risk can play a role in many consumer
decisions. Risk perception is the judgment that people make
about the characteristics and severity of risks [18]. Over the
past few decades, considerable research has been conducted on
risk perception. The traditional theories of risk perception (eg,
expected utility theory, prospect theory) were established by
work in behavioral economics that focused on individuals
statistical or heuristic estimation of the value of aternative
choices [19-22]. Understanding the risks perceived by
individuals, and collectively by populations, is very helpful as
the basis for designing effective strategies for communicating
about risks. Asaresult, risk perception and risk communication
have been used extensively in thefield of public health [23,24]

Ecological systems theory holds that people interact with
multiple social systems (eg, cultures, communities) in an
environment [25,26]. Since its first introduction, ecological
systemstheory has been applied in various areas, such ashealth
promotion [27]. From the ecological systems perspective,
members of a specific population are influenced by the same
sociocultural factors. Thus, their collective behavior is shaped
by common factors.

We suggest that online information searches related to a health
risk reflect the public’s collective perception for the risk, which
is associated not only with current health status (eg, the
incidence of a disease), but also with the social environments
related to the risk (eg, availability of public health resources)
[28]. Our study extends previous work by exploring the
association between online health information search and
multiple sociocultural factors related to public health risk
perception.

We selected online information searches related to the flu as
the object of this study. The seasonal flu occurs on a regular
basis; in the United States, an average of 5% to 20% of the
population gets seasonal flu and more than 200,000 people are
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hospitalized annually from seasonal flu-related complications.
Thus, a significant proportion of the population has direct
experience with the flu. Further, the flu can cause mild to severe
illness and consumers are generally aware of the risks related
to flu. In this study, we demonstrate the extent to which online
information searches for the flu is explained by the incidence
of the flu (including seasonal flu and pandemic flu) and
sociocultural components of a population’s environment. We
suggest that the occurrence of onlineinformation search related
to a health risk can be a practical way to assess the public's
general concern for the risk, or public health risk perception.

The Ecological View of Risk Perception

From an ecological systems point of view, individuals grow
and develop in different layered environmental systems, such
asfamily, school, neighborhood, and community [25]. Because
risk perception is asociocultural construct [29,30], individuals
form their perception of risks under the influence of the
sociocultural components within these systems. Individuals
formtheir risk perception through 2 types of experiences: direct
(personal) and indirect (social) experience with therisk [30,31].
For aspecific risk, some members of the population may directly
experiencetherisk (eg, patients during apandemic and victims
of a natural disaster) whereas others may experience the risk
only vicariously (eg, through exposure to mediaaccounts of the
event).

Both groups have socia experience with the risk through
sociocultural activities, such asreceiving information about the
risk from multiple social sources (eg, news media, personal
socia networks), and interpreting the information based on
certain values or cultural biases [29-31]. Thus, individualsin a
particular ecological system form their perceptions about arisk
in response to a set of sociocultural components in the
environment (eg, news coverage by mass media, demographics).
Because these individuals share the same sociocultural
environment, their risk perceptions have features in common.
Individuals' risk perceptions are formed on the basis of a
constellation of direct and indirect experience with a risk
(sociocultura factors), and the interaction of the 2 types of
experiences. The dynamic socioculturalization processthrough
which individuals' risk perceptions evolve over time leads to
the formation of population risk perception.

As an example, individuals who live in a specific community
may form their perception about therisk of smoking influenced
by their own experience with smoking and a set of shared
sociocultural factors, such as the news coverage by the local
and national mediaabout the risks of smoking and the behavioral
norms of other individualsin their community. Asthisdynamic
process continues over time for individual s within acommunity,
public risk perception for smoking will develop.

Building from this, our main proposition is that public risk
perception is predicted by individuals' direct (personal) and
indirect (social) experiences with arisk, and the interaction of
the 2 experiences over time within an ecological system.

Previous research has identified a strong correlation between
online information search and the incidence of diseases[5-10].
In the following, we establish our hypotheses related to the
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social experiences that shape public risk perception. Building
from previous literature on risk perception, especially health
risk perception, weidentify 2 major categories of social factors
that are associated with public health risk perception: (1) news
coverage by mass media, and (2) the availability of resources
(including private and public resources).

Media Coverage

Agenda-setting theory proposes that mass media have an
important influence on what issues the public considers to be
important [32]. A number of studies have found powerful effects
of mass media on individua risk perception [33-36]. For
example, one study found that the number of newsarticles about
the HIN1 pandemic was positively associated with individual
preventive pharmaceutical intervention and engagement in
information seeking [36]. It is important to note that media
coverage may not always be factualy correct. When the
coverage of health risks by mass media is misleading (eg,
exaggeration or stigmatization), the public may form
misperceptions of the characteristics of the risks [37,38].
Regardless of the content of media coverage, the extent of
coverage likely affects public risk perception.

We argue that when mass media pay more attention to a health
risk by increasing coverage of the risk, the public will have
higher awareness of the risk. Further, we suggest that when
thereisahigh incidence of ahealth risk, the public will become
more sensitive to the attention paid by media reporting. Their
concern for the risk will be higher as the media attention
increases. Thus, our first hypotheses are:

Hla Online information search related to a health risk will be
higher when mass media attention to therisk is higher;

H1b: The effect of the incidence of a health risk on online
information search related to therisk will be greater when mass
media attention to the risk is greater.

Availability of Resources

Research has shown that the availability of resources can reduce
anindividual’s perceived risk [39-42]. We classify the resources
related to health risk perception into 2 categories: private
resources and public resources. Private resources are the
resourcesthat individuals can acquire through their own efforts,
such as financial, informational, physiological, and physical
resources. Studies have found that the availability of private
resourcesis negatively associated with health risk perceptions.
Three types of private resources are particularly important in
the context of health risk perceptions: life quality (eg, education
[43], family income [44]), health status [45,46], and health
lifestyles (eg, tobacco and alcohol consumption [47]).

Public resources are the resources that the public obtains from
organizations such as charities and government. Little research
has been conducted on the association between public resource
support and risk perception. We classify public resources into
4 groups. natural resources (eg, population density, especially
risks that are related to natural disasters), financial resources
(eg, funding for public health), capacity of public resources (eg,
hospital beds), and utilization of public resources (eg, hospital
admissions). In our study, we use capacity and utilization of
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public health resources as measures of availability of health
care resources. Because natural and financial resources and
capacity and utilization of public resources are important
resources with which the public can deal with health risks, we
assume that the availability of these public resources is
negatively associated with public health risk perception. Further,
for those experiencing a health risk the availability of public
resources may be particularly critical. Thus, we expect that their
risk perception will be more likely to be influenced by the
availability of resources.

We propose our second hypotheses:

H2a: Online information search for a health risk will be lower
when the availability of private resources represented by life
quality, health status, and health lifestyles, and public resources
represented by natural and financial resources and capacity and
utilization of public servicesis greater;

H2b: The effect of the incidence of a health risk on online
information search related to the risk will be greater when the
availability of private and public resourcesis lower.

Methods

Our study aims to explore the relationship between online
information searches related to the flu and factors related to
public health risk perception for theflu, including theincidence
of theflu and the social factorsrelated to theflu (news coverage
and availability of resources). We used data from 2004 to 2011
from multiple published sources as detailed in the following
section. The unit of analysis of our study is state population. In
the following sections, we first detail the measures and data
collection process for each variable necessary to test our
hypotheses, and then present our analysis.

M easures

Online Information Search

Following methods used in previous studies [47-49], in this
study we use Google Insights for Search (GIFS) to identify the
changing patterns of Web searches used by consumers for
queries related to the flu. Details of GIFS methodology are
presented in Multimedia Appendix 1.

Research has shown that Internet users usually include 1 or 2
termsin asearch query [50]. Thus, for each of our search queries
we include 1 or 2 related terms. People may have specific
concerns related to prevention, diagnosis, and treatment of the
flu. Thus, we preselected 96 search queries based on 3
categories: prevention (eg, flu shots, flu prevention), diagnosis
(eg, flu symptoms, flu fever), and treatment of the flu (eg,
Tamiflu). Our criterion for query selection was the availability
of weekly search volume data for queries for 25 states in the
United States (if there is not enough search volume for each
query by state, GIFS shows only monthly search volume or no
results). After checking the search volumesfor these preselected
queries, we identified 2 queries that fulfilled our criterion: flu
shot(s) and flu symptom(s). The prevalence of the 2 search
gueries shows that the most common response by the public to
the flu is to take preventive actions and to determine whether
they have contracted the flu. In our study, we use the search
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volumesfor flu shot(s) and flu symptom(s) to represent the state
population’srisk perception for prevention and diagnosis of the
flu, respectively.

Flu Incidence

Public health agencies in the United States often track the
percentage of outpatient visits related to influenza-like illness
(IL1), collected through the US Influenza Sentinel Provider
Surveillance Network [51]. A high ILI percentageindicatesthat
alarge fraction of patients are experiencing flu-like symptoms.
Based on previous studies of the correlation of Web search and
flu surveillance [9,52] and the availability of data, we used
weekly ILI outpatient visit ratesto measure the weekly incidence
of theflu by state (like search data, thismeasureis automatically
normed for the state's population). We gathered these datafrom
the official website of the Department of Health for each state.
The data are not available for all statesand all observed years.
Inall, the dataset includes the weekly ILI| rate datafor between
15 and 31 states over the time period of 2004 to 2011.

Mass Media Attention

Previous research on the influence of mass media on risk
perception has used the number of news articles to measure
mass media attention at the national level [36]. Because states
vary intheir population, we use the number of newsarticles per
1 million population to measure the rel ative media attention for
state populations. We collected weekly data on the number of
news articles by using the news search function in LexisNexis
Academic [53], a comprehensive database of national and
regional news media. To find news articles that focused on the
topic flu, we set the search term in GIFS asflu and therestriction
as “headline & lead.” We set the time intervals as those used
for search volume data from GIFS, and the sources of news as
US newspapers and wires. We also set the article location
(articles about a geographic location) as each state, indicating
that the articles cover the population of a specific state. We
collected annual state population data from the website of the
[54]. The data for media attention covers all the states and all
the observed years.

Private and Public Resources

For private resources, we have variablesindicating health status,
life quality, and health lifestyles. According to the Centers for
Disease Control and Prevention (CDC), the population groups
most vulnerableto the flu are young children under age 5 years,
the population aged over 65 years, pregnant women, and the
population with chronic diseases, such as HIV [55]. Based on
the availability of data, we included 2 variables indicating
age-related health status: the percentages of the popul ation under
5 years and over 65 years, and 2 variables indicating chronic
disease-related health status:. the percentages of the population
that have asthma and diabetes. We aso included variables
indicating life quality: the percentage of the population that has
completed a bachelor’s degree, median household income, the
percentage of the population that reported good health status,
and the health insurance coveragerate. For health lifestyles, we
included variables indicating the percentage of the population
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that used tobacco, exercised regularly, and was overweight or
obese. Preventive health behavior isan important part of health
lifestyles. Thus, weincluded avariableindicating the percentage
of people over 65 years old who have had flu shots.

For public resources, we included variables indicating natural
and financial resources, and capacity and utilization of public
resources. Because the flu is a contagious respiratory disease,
we used population density as a measure of natural resources.
Thefluisahealth-related risk; therefore, we used public health
funding asameasure of financial resources. We use the number
of primary physicians per 1 million population as a measure of
capacity of ambulatory care, outpatient visits per 1000
population as a measure of utilization of ambulatory care, the
number of hospital beds per 1000 population as a measure of
hospital care capacity, and hospital admissions, emergency
room visits per 1000 population, and inpatient days as a
measures of utilization of hospital care. We collected the data
for private and public resources from the websites of the US
Census Bureau [56], the CDC [57], Kaiser State Health Facts
[58], and Trust for America’'s Health [59]. A majority of the
data about health status is captured through state residents
self-report surveys conducted by the CDC. In all, our dataset
for private and public sourcesincludes 20 annual variables. The
data for each variable are available for all states (Hawaii isan
exception because the data were lacking for the years 2004 and
2005) and for at least 4 years for the observed time period. We
present the details about our measuresin Tables 1 and 2.

Analysis

To include as many observations and variables as possible, we
use unbalanced panel data in our analyses. According to the
CDC, the official annual flu season starts in October and ends
in May covering 33 weeks [60]. As most of the states in our
dataset have missing values for theincidence of thefluin some
weeks outside of each flu season (especially in the years before
the HIN1 flu pandemic occurred), we dropped the observations
for these weeks. Because the Web search volume data has been
normalized by the total Internet traffic from each respective
state, we included control variables representing household
Internet usage, the percentage of households with an Internet
connection, and the percentage of households with an Internet
connection through broadband for each state. These data were
obtained from the website of the US Department of Commerce
and were available for all of the states for 3 years: 2007, 2009,
and 2010 [61].

To account for weekly variationsin search volumes, weincluded
33 dummy variables to indicate the specific weeks in each flu
season. We also observed that in the 2 flu seasons following
the 2009 HIN1 flu pandemic, search volumes for flu-related
guerieswere higher than in the flu seasons before the pandemic
occurred. To account for this variation, we used a dummy
variable to indicate the weeks before and after the HIN1 flu
pandemic. We present the trends of the means of the search
volumes for flu and the incidence of the flu for al the states
across the 33 weeksin each flu season in Figure 1.
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Table 1. Study variables: measures and types of data.

Variable Measure Type of data

Search for symptoms Web search volume for flu symptom(s) Nonofficia public databases
Search for shots Web search volumes for flu shot (s) Nonofficial public databases
Fluincidence Influenza-likeillness (IL1) outpatient visits Official reports

Mass media attention The number of news articles per 1 million population Nonofficial public databases

Private resources

Age-related health status

Population <5 years The percent of population <5 years Official reports
Population >65 years The percent of population >65 years Official reports
Chronic disease-related health status
Asthma Percent of adults who have been diagnosed with asthma Self-report surveys
Diabetes Percent of adults who have been diagnosed with diabetes Self-report surveys
Lifequality
Bachelor’'s degree Percent of population that has completed a bachelor’s degree Official reports
Income Median household income Official reports
Good health Percent of population that has fair or better health Self-report surveys
Health insurance coverage Percent of adults aged 18-64 who have any kind of health care Self-report surveys
coverage
Exercises Percent of adults who indicated that they participated in physical  Self-report surveys
activities during the past month
Health lifestyle
Smoking Percent of adults who are currently smokers Self-report surveys
Overweight or obese Percent of adults who are overweight or obese Self-report surveys
Flu shots Percent of adults =65 who have had aflu shot within the past year  Self-report surveys

Public resources

Natural resources

Population density Population per square mile (land area) Official reports
Financial resources

Public funds Total of public health funding per capita® Official reports
Ambulatory care capacity

Primary physicians Number of primary care physicians per 1 million populationb Nonofficia public databases
Ambulatory care utilization

Outpatient visits Number of outpatient visits per 1000 population® Nonofficial public databases
Hospital care capacity

Hospital beds Number of beds per 1000 population Nonofficial public database

Hospital care utilization

Hospital admissions Number of hospital admissions per 1000 population® Nonofficial public databases
Emergency department visits Number of emergency department visits per 1000 population® Nonofficial public databases
Inpatient days Number of inpatient days per 1000 population® Nonofficial public databases

8Data includes funds from CDC and State health agencies.
bDataincludes physicians for general practice, family practice, OB-GY N, pediatrics, and interna medicine.

CData are for community hospitals, which represent 85% of all hospitals. Federal hospitals, long-term care hospitals, psychiatric hospitals, institutions
for persons with mental disabilities, and hospitals for alcoholism and other chemical dependencies are not included.
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Table 2. Study variables: data availability and sources.

Variable Frequency datawerecollected Number of yearsdataare available = Data sources

Search for symptoms Weekly 7 Google Insights for Search
Search for shots Weekly 7 Google Insights for Search
Fluincidence Weekly 7 Public health agencies
Media Weekly 7 LexisNexis Academic

Private resources
Age-related health status
Population <5 years Annualy 7 US Census Bureau
Population >65 years Annualy 7 US Census Bureau
Chronic disease-related health status

Asthma Annually 7 CbC
Diabetes Annualy 7 CDC
Lifequality
Bachelor’s degree Annualy 5 US Census Bureau
Income Annually 7 US Census Bureau
Good hedlth Annualy 7 CDC
Health insurance coverage Annualy 7 CDC
Exercises Annualy 7 CDC
Health lifestyle
Smoking Annualy 7 CDC
Overweight or obese Annualy 7 CDC
Flu shots Annualy 7 CDC
Public resources
Natural resources
Population density Annualy 7 US Census Bureau
Financial resources
Public funds Annualy 5 Trust for America's Health
Ambulatory care capacity
Primary physicians Annualy 6 Henry JKaiser Family Foundation
Ambulatory care utilization
Outpatient visits Annually 6 Henry J Kaiser Family Foundation
Hospital care capacity
Hospital beds Annually 6 Henry JKaiser Family Foundation
Hospital care utilization
Hospital admissions Annually 6 Henry JKaiser Family Foundation
Emergency department visits Annually 6 Henry JKaiser Family Foundation
Inpatient days Annualy 6 Henry JKaiser Family Foundation
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Figure 1. Trends of the means of search volumes for flu and the incidence of the flu.
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Data Transformation

We normalized the data for al continuous variables included
in the models by natural log transformations. To make the
coefficients for interaction effects more interpretable, we
centered al the continuous independent variables by subtracting
the mean from each value.

Factor Analysis

Table 3 presents summary statistics for all dependent and
independent variables included in the study. We used Stata
(StataCorp LP, College Station, TX, USA) to perform factor
analysis with varimax rotation to reduce the number of
independent variables. Because factor analysis by Stata is
conducted on the correlations (as opposed to the covariances),
itisnot aconcern that the variables have different means and/or
standard deviations (eg, variables are measured in different
scales). Based on the components identified by factor analysis,
5 composite indexes were constructed: (1) life quality index,
(2) age-related hedlth status index, (3) chronic disease-related
health status index, (4) health lifestyle index, and (5) hospital
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care utilization index. We used the values of the composite
indexes generated by factor analysisin our regression models.
The life quality index includes positive factors indicating the
percentage of the population with a bachelor's degree, good
health status, health insurance, and median household income.
The age-related health status index includes a positive factor
indi cating the percentage of the population younger than 5 years
and a negative factor indicating the percentage of the population
older than 65 years. The chronic disease—related health status
index includes positive factors indicating the percentage of the
population that has been diagnosed with asthma and diabetes.
The health lifestyle index includes positive factors indicating
the percentage of the population that consumestobacco and are
overweight or obese, and negative factors indicating the
percentage of the population that exercises regularly and the
percentage of the population older than 65 years who have had
aflu shot. The hospital care utilization index includes positive
factorsindicating the number of hospital admissions, emergency
department visits, and inpatient days. All other variables are
represented by single data items. We present factor loadings
and the uniqueness for each variablein Table 4.
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Model Construction

We applied panel data multiple regression analysis to exploit
both time-series and cross-sectional variation in the data using
Stata. We built regression models to examine the effects of the
incidence of flu, social factors including media attention, and
private and public resources and their interaction on the Web
search volumesfor the 2 queries. flu symptom(s) and flu shot(s).
Because we assumed that variation across states was random
and uncorrelated with the independent variables, we used
random state-specific effectsin our models. We also used robust
Huber—White standard errors to address any potential
heteroscedasticity and autocorrelation in our estimation. To
avoid collinearity, we examined the correlation matrix of
independent variables (Table 5). We found that each pair of
variables has a correlation coefficient of lessthan 0.8 with most
less than 0.6.

To investigate the separate effects of control variables and
independent variabl es on dependent variables, we ran 6 models
for each dependent variable (each search query) sequentially as
shown in Table 6.

Results

Overadll, the results provide substantial evidence that the main
effects of the independent variableswe analyzed—theincidence
of the flu, media attention, and private and public
resources—have significant affects on Web search for queries
related to the flu. Specificaly, the results provide full support
for hypothesesHlaand H1b, and partial support for hypotheses
H2a and H2b.

Control Variables

The models including control variables (Models 1) were
significant (P<.001) with coefficient of determination (R?) value
of 37.88% and 59.11% for flu symptoms and flu shots,
respectively. Specifically, the dummy variables for the
occurrence of HIN1 and seasonality were significant in the
modelsfor both search queries. However, with the independent
variables sequentially added in Models 2 to Models 6, HIN1
occurrence showed significant effects only in the model for flu
symptoms, but not flu shots. Seasonality contributed
significantly to the variance of Web search for flu shots. We
present the results for the control variablesin Tables 7 and 8.

Flu Incidence and Media Attention
With flu incidence as an independent variable added in model
2, the r? values increased slightly by approximately 2% from

http://www.jmir.org/2013/6/e114/

Liang & Scammon

model 1 for flu symptoms (P<.001) and flu shots (P<.001).
Further, with media attention as an independent variable added

inmodel 3, r? valuesincreased approximately 7% and 1% from
model 2 for flu symptoms (P<.001) and (P<.001) flu shots,
respectively. With the interaction of flu incidence and media

attention added in model 4, the R? values showed an increase
of less than 1% from model 3 for flu symptoms (P<.001) and
flu shots (P=.003).

All these models were significant (P<.001) with flu incidence
(P<.001), media attention (P<.001), and their interaction
(P<.001 for flu symptoms, P=.001 for flu shots) showing

positive effects on Web search volume. The changesin R? values
from model 3 to model 4 show that media attention has a
stronger positive influence on a population’s search for flu
symptoms than for flu shots.

Private and Public Resources
With variablesindicating private and public resources added in

models5, ther? val ues showed asubstantial increase from model
4 of 23.37% for flu symptoms (P<.001) and of 6.28% for flu
shots (P<.001). For private resources, the life quality index
(P=.001), hedlth lifestyle index (P=.009), and chronic disease
index (P=.004) had negative effects on search volume for flu
symptoms.

For public resources, the number of outpatient visits (P<.001)
and hospital care utilization index (P=.008) had positive effects,
and the number of hospital beds had negative effects (P<.001)
on search volumefor flu symptoms. Public health funds (P=.02)
had a negative effect, whereas population density (P=.001) and
number of primary physicians (P=.006) had positive effects on
search volume for flu shots.

With the interaction of these social factors and flu incidence

added in models 6, the R? values increased slightly from model
5, 1.2% for flu symptoms (P<.001), and 0.55% for flu shots
(P=.004). The interaction of flu incidence and number of
primary physicians had a negative effect on search volume for
flu symptoms. The interaction of flu incidence and life quality
index had a negative effect on search volume for flu shots. We
present the results for the changes in the R? values and the
coefficient resultsfor the independent variablesin Tables9 and
10.
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Table 3. Summary statistics.

Variable Observations(n)  Mean SD Min Max

Dependent variables
Search for symptoms 5364 2.89 6.14 0.00 70.00
Search for shots 8217 4.29 9.12 0.00 100.00

Independent variables

Flu incidence 5226 2.04 2.10 0.00 20.43

Media 8364 0.95 1.69 0.00 3112
Life quality

Bachelor's degree 6006 27.98 4.35 18.70 38.20

Income 8217 49788.35 7725.76 32875.00 68059.00

Health insurance coverage 8184 85.39 4.42 71.50 95.70

Good health 8184 84.78 4.73 35.80 90.00

Age-related health status
Population <5 years 8217 6.65 0.78 523 9.69
Population >65 years 8217 12.82 157 8.61 17.34
Chronic disease—elated health status

Asthma 8151 8.454 1.167 5.900 11.100

Diabetes 8184 3.96 0.93 0.00 4.62
Health lifestyle

Exercise 8184 76.59 3.85 66.60 85.80

Smoking 8184 18.77 3.17 9.10 26.10

Overweight and obesity 8184 36.43 142 25.60 40.70

Flu shots 8151 69.99 4.29 55.60 80.00

Natural resources

Population density 8184 224.88 293.28 5.24 1185.32
Financial resources

Public funds 6006 56.81 3191 18.39 197.76
Ambulatory care capacity

Primary physicians 7128 120.69 27.07 78.50 191.30
Ambulatory care utilization

Outpatient visits 7128 2134.60 676.25 942.00 4370.00
Hospital care capacity

Hospital beds 7128 2.76 0.83 170 5.60
Hospital care utilization

Hospital admissions 7128 114.49 17.37 81.00 154.00

Emergency department visits 7128 401.94 72.33 258.00 601.00

Inpatient days 7128 652.81 173.13 360.00 1210.00
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Table 4. Composite indexes from factor analysis.

Index and variable Loading Uniqueness®
Lifequality

Bachelor’'s degree 0.89 0.21

Good health 0.54 0.71

Income 0.91 0.17

Health insurance coverage 0.79 0.37

Age-related health status
Population <5 years -0.93 0.13
Population >65 years 0.93 0.13
Chronic disease-related health status

Asthma 0.75 0.44

Diabetes 0.75 0.44
Health lifestyle

Exercise -0.81 0.34

Smoking 0.71 0.49

Overweight and obesity 0.74 0.45

Flu shots -0.52 0.73
Hospital care utilization

Hospital admissions 0.93 0.13

ED visits 0.75 0.44

Inpatient days 0.87 0.24

3Uniqueness is defined as 1=communality, or the portion not explained by common factor analysis.

Table5. Correlation matrix of independent variables.

Independent variable 1 2 3 4 5 6 7 8 9 10 11 12

1 Fluincidence 1.00

2 Media 0.16 1.00

3 Public funds 0.03 011  1.00

4 Population density -0.02 -0.04 0.05 1.00

5 Lifequality -0.23 009 024 041 1.00

6 Age-related hedlth status -0.18 -0.02 0.03 0.33 0.21 1.00

7  Chronic disease—related health status  —0.21 003 012 014 035 033 100

8 Hedlthlifestyle 021 -010 -021 001 062 019 -028 1.00

9  Primary physicians -0.13 0.03 0.27 0.64 0.70 0.48 0.43 -0.30 1.00

10 Outpatient visits -0.24 0.07 -001 -006 0.38 0.44 0.43 -0.05 0.30 1.00

11 Hospital beds 0.07 0.03 000 -033 -019 030 -026 053 -017 030 100

12 Hospital care utilization -0.02 -002 -009 017 -004 057 -0.07 0.60 021 040 0.80 1.00
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Table 6. Model construction.

Model  Control variables Fluincidence Media Fluincidencex media Other socia factors  Fluincidence x other social factors

1 Included

2 Included Included

3 Included Included Included

4 Included Included Included Included

5 Included Included Included Included Included

6 Included Included Included Included Included Included
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Table 7. Coefficientsfor control variables for flu symptom(s).

Liang & Scammon

Flu symptom(s)

Control variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
HIN1 mark 1.6662 1.9562 1.590° 1.4832 1.0272 0.8232
Internet connection —-5.3972 1.779 3.69 5.237 0.918 1.339
Broadband connection -0.024 -5.050% -4.516% —4.7482 -0.586 -0.105
Flu season week
1 -0.9807 -0.819% -0.710? -0.8472 -0.5362 -0.5682
2 -0.843% -0.756% -0.608% -0.7712 -0.3962 —0.4542
3 -0.790% -0.684% -0.5622 -0.7442 -0.4392 04772
4 -0.8772 -0.8292 -0.6082 -0.7412 -0.4222 —0.4392
5 -0.875% -0.803% -0.565% -0.6407 -0.3512 -0.3482
6 -0.8452 -0.7922 -0.5382 -0.6022 -0.3432 -0.3392
7 -1.0362 -0.9042 -0.6342 -0.6552 —0.4452 -0.4312
8 -1.010% -0.859% -0.6312 -0.6252 -0.4052 -0.400?
9 -1.0572 —0.849° -0.680% —-0.6432 05232 -0.504?
10 -1.1232 -0.8832 -0.667% -0.6482 -0.559% -0.5272
11 -1.099% -0.8742 -0.676% -0.5952 -0.6307 -0.580%
12 -0.9922 -0.8972 -0.5682 -0.5472 -0.3712 -0.3452
13 -1.0312 -1.0142 -0.6782 -0.6307 -0.5152 -0.4922
14 -1.203% -1.008% -0.823% -0.7692 -0.6462 -0.5922
15 -1.1872 -1.0782 -0.7422 -0.7032 -0.5802 -0.546%
16 -1.0612 -1.0422 -0.7032 -0.670% -0.5582 -0.5192
17 -0.798% -1.1122 -0.730% -0.6312 -0.5052 -0.480%
18 -0.6062 -1.056% -0.7132 -0.6572 -0.4962 -0.4622
19 -0.660? -1.184% -0.7552 -0.6422 -0.4212 -0.3712
20 -0.6622 -1.1912 -0.799% -0.7052 -0.4612 -0.4162
21 -0.835% -1.3172 -0.964% -0.910% -0.5082 -0.5592
22 -1.071 -1.395% -0.9312 -0.8562 -0.5782 -0.5492
23 -1.3342 -1.5332 -1.078% -1.000? -0.8372 -0.8072
24 —1.4542 -1.6012 -1.1718 -1.1218 -0.9022 -0.889%
25 -1.6182 -1.5822 —1.2462 -1.2207 -1.1962 -1.169?
26 -1.8522 -1.7482 -1.306% -1.2842 -1.2748 —1.2452
27 -2.0632 -1.804% -1.3072 -1.3542 -1.3022 —1.292%
28 —-2.199% -1.8732 —1.4502 -1.5092 -1.506% —1.4872
29 —2.3722 -1.9122 -1.510% -1.6007 -1.579% -1.576%
30 —2.499% —2.0342 -1.649% -1.7352 -1.8152 -1.790%
31 —2.5312 -1.986% -1.5342 -1.6932 —1.7292 -1.7622
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Flu symptom(s)

Control variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

32 —2.658% 21172 -1.6942 -1.880° —2.0162 —2.045%

33 -2.9082 —2.2252 -1.7612 -1.9922 —2.0712 -2.0942
3p<.05.
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Table 8. Coefficientsfor control variables for flu shot(s).

Control variable Flu shot(s)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
HIN1 mark 0.6062 0.493 0.319 0.286 0.091 0.018
Internet connection -0.887 -1.419 —0.745 -0.376 3.958 0.806
Broadband connection 0.312 0.478 0.832 0.821 —-0.049 1.338

Flu season week

1 2.4592 2.2542 2.2928 2.2372 2.2972 2.2312
2 2.7282 2.3552 2.4162 2.3332 2.4692 2.4222
3 2.6122 2.2122 2.265% 2.1632 2.3592 2.308%
4 2.3422 1.896% 2.000% 1.9252 2.1012 2.060%
5 2.2442 1.8872 2.008% 1.966% 2.220% 2.193%
6 1.8112 1.5252 1.6682 1.6312 2.0242 2.0072
7 1.1022 0.9312 1.066% 1.056% 1.4572 1.4372
8 1.0322 0.865% 1.0042 1.0022 1.4322 1.400%
9 0.6542 0.5872 0.6872 0.6942 0.9352 0.9062
10 0.3832 0.423% 0.519 0.5412 0.758 0.7232
1 -0.2012 -0.218% 011 -0.075 -0.108 -0.139
12 -0.3922 -05172 -0.333 -033 -0.371 -0.393
13 -0.3122 -0.4982 —-0.306 -0.29 -0.396 -0.407
14 -0.3932 —0.4842 -0.333 -0.307 -0.4372 -0.44
15 —0.6542 —0.7222 -0.5562 -0.5302 —0.6472 -0.659%
16 -0.8842 -1.038% -0.8472 -0.829% -0.976% -1.005%
17 —-0.9842 —1.255% —1.0612 —1.0112 —1.1882 -1.1932
18 —1.1822 —1.5322 —1.3392 —1.2962 —1.386% -1.3672
19 —1.4912 -1.9132 -1.6732 -1.6132 —1.6842 —1.649%
20 15512 —2.0172 —-1.8082 —1.7662 —1.8452 -1.8142
21 —1.7592 —2.2402 —2.0252 —2.0002 —2.0142 -1.978%
22 —2.096% —2.5842 —2.318% —2.2842 —2.3442 -2.3132
23 —2.106% —2.5502 —2.280% —2.2502 —2.2632 —2.2512
24 —2.2532 —2.6532 —2.3922 —2.377% —2.3592 —2.360%
25 —2.3002 —2.6292 —2.4272 —2.4092 —2.4892 —2.4972
26 —2.3002 —2.5642 —2.3122 —2.3022 —2.3862 —2.4102
27 —2.3712 —2.5502 —2.2812 —2.2922 —2.268% —2.306%
28 —2.3942 25272 —2.2812 —2.313% —2.2712 —2.303%
29 —2.418% —2.465% —2.229% —2.270% —2.190% —2.200%
30 —2.441% 24132 —2.179% —2.2332 -2.166% 22122
31 —2.4882 —2.4462 —2.1622 —2.2562 —2.1732 —2.203%
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Control variable Flu shot(s)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
32 —2.4882 —2.347 -2.080% —2.1822 —2.1672 —2.2202
33 25122 —2.299% -2.0132 21422 21122 -2.1872
<05

Table9. Coefficient of determination (Rz) change and coefficient results for dependent variable flu symptom(s).
Independent variables Model 2 Model 3 Model 4 Model 5 Model 6

Coefficent P Coefficent P Coefficent P Coefficent P Coefficent P

Flu and media

Flu incidence 0.644 <.001 0.528 <.001 0498 <.001 0.371 <.001 0473 <.001
Media 0.293 <001 0.241 <001 0334 <001 0.323 <.001
Flu incidence x media 0.194 <001 0.177 <001 0.181 <.001

Private resources

Life quality -0.401 .001 -0.389 .004
Age -0.143 .06 -0.208 .05
Chronic disease -0.279 004  -0.309 .002
Health lifestyles -0.287 .009 -0.205 .02
Public resources
Public funds -0.315 .05 -0.375 .04
Population density 0.188 .23 0.169 14
Primary physicians 0.123 .06 0.106 .07
Outpatient visits 1.455 <001 1523 <.001
Hospital beds -3.356 <001 -3.601 <.001
Hospital care utilization 0.601 .008  0.651 .02
Interactions
Flu x life quality 0.001 .03
Flu incidence x age 0.173 .08
Fluincidence x chronic disease 0.109 .09
Fluincidencex healthy lifestyles 0.072 .30
Flu incidence x public funds -0.018 .88
Flu incidence x population density —-0.095 37
Flu incidence x primary physician 0.150 .03
Flu incidence x outpatient visits —0.666 52
Flu incidence x hospital beds 0.708 .08
Flu incidence x hospita care utilization -0.115 43
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Table 10. Coefficient of determination (R2) change and coefficient results for dependent variable flu shot(s).

Independent variables Model 2 Model 3 Model 4 Model 5 Model 6
Coefficent P Coefficent P Coefficent P Coefficent P Coefficent P
Flu and media
Flu incidence 0.477 <001 0414 <001 0.383 <.001 0.251 <.001 0.173 .04
Media 0.162 <001 0.144 <001 0.189 <001 0.206 <.001
Flu incidence x media 0.089 001 0112 <.001 0.128 .001
Private resources
Life quality -0.070 43 -0.018 32
Age -0.013 27 -0.008 .29
Chronic disease -0.083 41 -0.036 51
Health lifestyles 0.114 .62 0.078 .73
Public resources
Public funds -0.413 .02 —-0.544 .02
Population density 0.191 .001 0117 .05
Primary physicians 1.439 006 1561 .01
Outpatient visits 0.022 .08 -0.234 13
Hospital beds -0.662 64 -0.918 72
Hospital care utilization -0.05 19 0.073 .05
Interactions
Flu x life quality -0.223 .03
Fluincidence x age 0.045 .08
Flu incidence x chronic disease 0.018 .54
Fluincidencex hedlthy lifestyles 0.018 43
Flu incidence x public funds -0.165 .09
Fluincidence x population density 0.073 .06
Flu incidence x primary physicians 0.823 A7
Fluincidence x outpatient visits 0.0112
Flu incidence x hospital beds 0.808 .06
Fluincidence x hospital care utilization -0.281 43

Discussions

Principal Results

Research on the correlation between the incidence of certain
diseases and online information searches related to those
diseases has increased in recent years. However, there has been
little research on the effects of social factors on online
information searches related to disease. In this paper, we
demonstrate the usefulness of online search for queries related
to a health risk as a measure of public health risk perception.
We use publicly available data to demonstrate how such data
can be used to provide insights into the factors that influence
the public’s perception of health risks.

The results of our regression analyses provide strong support
for our hypotheses: Web search volumesfor flu-related queries
asameasure of public health risk perceptionis predicted by the
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incidence of theflu and socia factors, including mediaattention,
and private and public resources. In addition to the independent
impact of these social variables, we anticipated that the effect
of incidence of the flu on public risk perception would be
heightened by factorsin the socia environment. However, our
models that incorporated the interaction effects between flu
incidence and social factors did not add much to the explanatory
power of our regression models. The social environment affects
public health risk perception regardless of the incidence of
diseases.

We modeled information searches for both risk prevention (flu
shots) and risk diagnosis (flu symptoms). In our analyses,
independent variables, especially media attention and private
and public resources, had significant influence on search
volumes for flu symptoms; however, seasonality variables had
significant influence on search volumes for flu shots. As we
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anticipated, different factors appear to influence public
perception of risk diagnosis and risk prevention.

Both the model for flu symptoms and that for flu shots
demonstrate positive main effects for the incidence of the flu
on search volumes. When apopulation’sflu incidenceis higher,
the population’s concerns for both prevention and diagnosis of
therisk are higher.

Our data also support the expected positive effects of media
attention and its interaction with the incidence of the flu on
search volumes for risk prevention and risk diagnosis. Because
mass media pays more attention to the risksrelated to aspecific
population, the overall population and the population with the
flu both have more concern for prevention and diagnosis of the
risk. Thus, our results show that the media play a significant
role in setting the public agendafor health risk (agenda-setting
theory [32]).

Private resourcesrepresented by life quality and public resources
represented by hospital beds were negatively related to search
volumes for flu symptoms. For the risk of the flu, a population
with higher life quality and more access to hospital services
demonstrated | ess searchesfor symptoms, whereas a population
with lower life quality and less access to hospital services
demonstrated more searchesfor symptoms. Theseresults suggest
consumers may useinformation from the Internet asa substitute
for hedlth care resources. Specifically, consumers vulnerable
because of lower life quality and |ess available hospital services
engage in more I nternet searches, perhaps because information
available on the Internet represents a relatively low-cost and
easy-access source for information related to health risks.

With regard to private and public resources related specifically
to health, our analyses suggest that there may be some
synergistic effects of the 2 types of resources. Private resources
represented by healthy lifestyles and public resources
represented by outpatient visitsand hospital care utilization are
positively related to search volume for flu symptoms. Further,
public resources represented by primary physicians and public
funds were positively related to search volume for flu shots.

Based on these findings, we suggest that when a popul ation has
healthier lifestyles and more contact with heath care
professional s (through outpatient visits, emergency department
visits, inpatient stays, availability of primary care physicians,
and dedicated public health funds), it may be more conscious
about current health risks. These results raise a question about
the direction of the relationship between access to health care
professionals and consumers’' searches for health information
on the Internet. It could be that access to health care
professional s stimulates consumers to be more vigilant about
risk protective behaviors. If this is the case, primary care
physicians and public health agencies play an important rolein
educating the public to take protective actions.

Private resources represented by chronic diseases had anegative
effect on search volume for flu symptoms. For the risk of the
flu, a population with higher incidences of chronic diseases
demonstrated less searches for flu symptoms. Thisfinding may
reflect an environmental constraint on Internet access rather
than alack of interest in such information. As noted in areport
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from the Pew Research Center [62], adults living with chronic
disease are significantly less likely than healthy adults to have
access to the Internet. Individuals with chronic diseases are
more likely to have regular contact with health professionals,
also highlighting the important role health care providers play
in patient education about health risks.

Finaly, in our analyses, public resources represented by
population density had a positive effect on search volume for
flu shots. This finding is important in that, as a contagious
illness, the search patterns for flu may also emerge for other
communicable diseases.

Implications

Our study has important implications for public policy makers
and health care professionalstheoretically and practicaly. First,
based on ecological systems theory, we proposed that there is
a correlation between online health information search and
public health risk perception. Recognition of this relationship
by policy makers and health care professionalsisimportant. In
designing health risk communications strategies and policies,
itiscritica to take the social environmentsin which the public
engagesin online health information search into consideration.

Second, we suggest that the analysis of Internet search query
datarelated to aparticular health risk can provide a bell-weather
of public health risk perception. Our anaysis suggests that
online health information search is areflection of public health
risk perception that can be predicted by social context variables.
We demonstrate a practical way for policy makers and health
professionalsto monitor these contextual factors. Previouswork
has shown that aggregate search datareflect public concerns or
interests (eg, [63]). Following this stream of research, we
demonstrate that when apopulation is concerned about a specific
health risk, they engage in online searches about that risk. This
online search is predicted by contextual factors. Monitoring
these contextual variables on a regular basis can assist policy
makersin identifying areas and/or populationsthat could benefit
from enhanced education. It may also help identify areas on
which to focus the devel opment/expansion of resources.

The search volume datafor queries representing different stages
of risk response, such as prevention and diagnosis, can inform
policy makers and health professionals about the likely response
of apopulation to current and emerging threats. Social marketing
resources should be allocated based on an understanding of
public risk perception of prevention and diagnosis of a health
risk. For example, seasonality had more influence on search
volume related to prevention that did other variables. Social
marketing efforts should be timed to coincide with the seasonal
variation in public risk perception for flu prevention. Those
states with high levels of public perception for risk prevention
can use this finding to help prepare for a new flu season by
arranging for extrasupplies of flu vaccine and planning effective
systems for distributing the vaccine. States with low levels of
public risk perception for prevention might benefit from more
health education and health promotion prior to the onset of a
new flu season to help increase awareness of the impending
risk.
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We found that media attention and private and public resources
had strong effects on public risk perception for symptoms.
Populations with higher risk perception for the diagnosis of the
flu are likely to have higher demand for products or services
related to treatment of the flu (eg, vitamin C supplements,
primary carevisits). Retailersin stateswith high levels of public
risk perception for response to the flu may want to ensure that
they have adequate supply of over-the-counter medications for
dealing with flu symptoms. Ambulatory careclinicsand primary
care providers can assist apopulation in dealing with the flu by
providing educational materials focused on identification of
symptoms and by ensuring same-day access to provider visits
for patients experiencing flu symptoms. To respond to public
risk perception for diagnosis of theflu, social marketing efforts
should use sociocultural segmentation (eg, vulnerable and health
conscious consumers) to target resources most needed by each
segment.

With the popularity of mobile devices (eg, smartphones, iPads),
mobile searches are growing among consumers. Surveys have
shown that asearch engineisthe most used application by 77%
of smartphone users, and 90% of mobile search activitiesresult
in actions (eg, purchasing, recommending) [64]. This suggests
that search data from mobile devices may reflect the public's
perception of the urgency of the risksand their ability to manage
the risks. We suggest that policy makers and health care
professionals use maobile search data related to health risks to
establish more actionable and timely strategies.

Onlineinformation searching isabidirectional communication
process, including sending search requests and receiving search
results. Sending search requestsreflects the public’s perception
of the severity and urgency of risks, whereas receiving search
resultsreflectsthe public’s perception of their ability to manage
or respond to the risks. This study focused on public risk
perception as demonstrated by the patterns of search requests.
Policy makers and health professionals may further explore
public risk perception by examining the patterns of responses
to the returns to search requests. We suggest that the public’s
perception of the management of health risks may be revealed
through behaviors that reflect 4 types of socia relations (ie,
hierarchical, egalitarian, individualist, and fatalist social
relations) [29]. People with a hierarchical approach to social
relations (ie, supporting patriotism, law, and order) may be more
likely to click on search results links from official government
websites, whereas people with an individualist way of life (ie,
supporting individual efforts) may be more likely to click on
search results from citizen media (eg, independent journalists).
We suggest that investigating the association between the
public’s response to search results and social-cultural factors
may be a practical way to assess the public’s perception of the
management of health risks. Policy makers and health care
professionals may combine the patterns of search requests and
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response to search results to generate a composite index for
public health risk perception.

Limitations

Our study has several limitations. First, data gaps exist for the
variables we used to indicate flu incidence and online
information searchesrelated to the flu. By using adifferent unit
of analysis, additional relevant datamay be available for study.
For example, for each flu season from 1997 to the current year,
the CDC posts the data of ILI outpatient visit rates for 9 flu
surveillance regions on its official websites [65]. Regional data
are available for Pacific, Mountain, West South Central, East
South Central, West North Central, East North Central, New
England, mid-Atlantic, and South Atlantic. Using these data
regional variations regarding public health risk perception could
be explored. Similarly, with data that are available at the state
level, state data could be combined, facilitating regiona analysis.
Such regiona analyses may be particularly relevant to public
health risksthat occur most commonly in particular geographic
areas, such as those related to hurricanes.

Second, we base our findings on aggregate data. Onelimitation
of aggregate data is that they represent the characteristics of a
group as a whole but do not allow for anaysis of individual
variation. We cannot establish how individuals perceive their
socia environments related to health risks. Future research is
needed to investigate individual responses to socia factors
related to health risks by collecting datafrom self-report surveys.

Next, our study has only shown the usefulness of sets of
variables for the prediction of public risk perception related to
theflu. Different typesof health risksvary intheir characteristics
such asimmediacy, frequency, and severity. These factors may
lead to variations not only in the effects of disease incidence,
but also the relationship of sociocultural factors to public risk
perception as demonstrated by onlineinformation search. More
research is needed to identify common and unique variablesfor
the measurement of public risk perception related to different
types of health risks. For example, food-borneillnesses and the
flu are both common health risks. Vaccination is available for
the flu but not for food-borne illnesses. Future research should
consider the availability of preventive and treatment options
for different health risks as they may affect public perception
for the health risks.

Finally, our study has shown the strong effects of traditional
mainstream mass media (ie, newspaper and news wires) on
public risk perception. Research is needed to investigate the
influence of multiple forms of mass media, especialy social
media (eg, blogs, online social networks), on public risk
perception. May’s [66] report about information channels and
networks during Hurricane K atrina hasidentified the prominence
of digital communication for risk management.
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Abstract

Background: Postmarket drug safety surveillance largely depends on spontaneous reports by patients and health care providers;
hence, less common adverse drug reactions—especially those caused by long-term exposure, multidrug treatments, or those
specific to specia populations—often elude discovery.

Objective: Here we propose alow cost, fully automated method for continuous monitoring of adverse drug reactionsin single
drugs and in combinations thereof, and demonstrate the discovery of heretofore-unknown ones.

Methods: We used aggregated search data of large populations of Internet users to extract information related to drugs and
adverse reactions to them, and correlated these data over time. We further extended our method to identify adverse reactions to
combinations of drugs.

Results: We validated our method by showing high correlations of our findings with known adverse drug reactions (ADRS).
However, although acute early-onset drug reactions are more likely to be reported to regulatory agencies, we show that less acute
later-onset ones are better captured in Web search queries.

Conclusions: Our method is advantageous in identifying previously unknown adverse drug reactions. These ADRs should be
considered as candidates for further scrutiny by medical regulatory authorities, for example, through phase 4 trials.

(J Med Internet Res 2013;15(6):€124) doi:10.2196/jmir.2614
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Introduction

Existing mechanisms for postmarket drug surveillance work
well in many cases, but failures resulting in harm to patients
and even fatalities are widely documented [1], including the
withdrawal of thalidomide in the 1960s [2], and more recently
of cerivastatin [ 3], troglitazone[4], and rofecoxib [5]. Two main
kinds of postmarket drug surveillance mechanisms exist today.
One kind is run by regulatory agencies, such as MedWatch by
the US Food and Drug Administration (FDA) and the Vaccine
Adverse Event Reporting System (VAERS) by the FDA and
the Centers for Disease Control and Prevention (CDC) in the
United States, the Yellow Card Scheme by the Medicines and

http://www.jmir.org/2013/6/e124/

Healthcare products Regulatory Agency (MHRA) in the United
Kingdom, and the International Drug Monitoring Programme
by the World Health Organization (WHO). These are
supplemented by public (or public-private cooperation)
initiatives, such as Research on Adverse Drug Events and
Reports (RADAR), and Web sites, such as eHealthMe.com,
which collect patient-reported information on drug outcomes.
The most serious limitation of these data collection initiatives
is that they rely on the patients and their health care providers
to make the association between the adverse drug reaction
(ADR) and the drug. This can be especially difficult when the
adverse reaction appears only after the drug is taken for a
lengthy period of time, or when the patient takes severa
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medications concurrently. To alleviate this problem, projects
such asthe FDA's Sentinel Initiative[6], the EU-ADR initiative
[7], and the Observational Medical Outcomes Partnership
(OMOP) [8-11] are beginning to use observational data,
including administrative claims and electronic health records,
to identify adverse drug reactions.

Our proposed approach uses anovel kind of observational data,
namely, Web search query logs. Search queries contain a
cornucopia of world knowledge, and prior studies have used
query logsto track tropical storms[12], certain life events[13],
and the spread of disease [14]. As such, this approach is an
example of infodemiology [15], and is enabled by the fact that
as many as 80% of US Internet users seek health information
online [16]. Consequently, our methodology allows analyzing
the data from literally hundreds of millions of people, and in
some cases, asignificant percentage of the patientsusing agiven
drug. Performing such analysis continually allowsfor long-term
monitoring, whereas grouping search requests by geographical
location facilitates demographic segmentation of the population
[17].

Existing drug surveillance mechanisms often depend on the
need for medical providers or patientsto realize the connection
between the treatment and its side effects (adverse or otherwise).
This inherent limitation poses a challenge to testing new
methods for ADR discovery because existing data are not
comprehensive enough to be considered a gold standard,
considering that patientsand medical providers might not realize
the connection between treatments and some ADRs. Therefore,
we adopted a 2-pronged approach for validating our method.
First, we showed that it can reliably identify currently known
ADRs. Although the findings of our method are positively
correlated with existing data, this correlation is not perfect as
we discover new, previously unknown ADRs. Second, we
characterized the differences between the known and the newly
discovered ADRs, and identified the most discordant ADRs
(MDADRS) between these 2 sources. We show that the ADRs
found by our method are usually less acute reactions (ie, not
requiring immediate medical attention) with much later onset,
which is exactly why they elude detection by conventional
mechanisms. For all the drugs examined, we found that the
ADRs apnea and cramps are consistently overlooked in the
FDA data, asreported in the Adverse Event Reporting System
(AERS), described subsequently, whereastiredness and weight
loss are frequent ADRs of vaccines that are overlooked in
VAERS reports. We propose that the ADRs newly discovered
by our method be further investigated in carefully designed
clinical trials, which should belengthy enough to allow detection
of late-onset reactions.

Methods

Our method, called the query log reaction score (QLRS),
guantifiesthe prevalence of ADRsfor agiven drug, asexplained
subsequently. We used QLRS to identify ADRs of top-selling
drugs and vaccines on the basis of queries submitted to the
Yahoo US Web search engine during 6 monthsin 2010. A total
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of 176 million unique users, asidentified by aunique signature
of the users' browser, were included in this study. The search
logs were anonymized according to the Yahoo privacy policy
by scrambling actual user identifiers. This was achieved by
using a 1-way cryptographic hash function, which makes it
impossible to map the resultant hash values back to the original
user identifiers, while keeping the probability of collisionsvery
low. As explained subsequently, only the search counts were
considered, which were aggregated across users. Furthermore,
the research described herein was carried out according to the
Yahoo guidelines on human subject research.

We investigated 20 drugs (additional results for the top 100
drugs are provided in Multimedia Appendix 1), which are the
top-selling drugs in the United States by revenue [18]. We
analyzed these drugs for 2 reasons. First, these findings would
likely affect thelargest number of people. Second, dataare more
abundant for these drugs; thus, results are likely to be more
significant for these drugs. We note that all these drugs are
usually taken for long periods of time; however, we have also
demonstrated the applicability of our method to vaccines, as
detailed in Multimedia Appendix 1, which are usualy
administered a limited number of times to each patient. We
limited our work to nongeneric versions of these drugsto reduce
the chance of additional confounding influences, and because
brand names are mentioned 88% more often than generic names
inthe query log (not statistically significant). However, we also
discussthe differencesin ADRs of similar drugsin the Results
section.

A total of 195 symptoms from The International Satistical
Classification of Diseases and Related Health Problems 10th
Revision (ICD-10) [19] were studied as manifestations of
possible ADRs. We filtered the symptoms according to
Wikipedias List of Medical Symptoms [20] to facilitate
replicability of our method in other languages. This list of
symptoms was further expanded with synonyms (described
subsequently), because patients frequently use nonmedical
terminology to describe their symptoms. Basing our work on
terms from Wikipedia (a popular information source) and
identifying synonymsusing behavioral datamakes our approach
suitable for identifying ADRs as described by nonprofessionals.

We limited the symptoms under consideration for each drug to
the 50 most frequently queried symptoms for that drug. We
identified possible ways nonprofessional s described their health
symptoms by using 2 query expansion methods. First, we
selected the most frequent search terms that led users to click
on the Wikipedia page that described each symptom [21-23].
Second, we extracted frequently occurring lexical affinities[24],
namely, word pairs appearing in close proximity in the 50
highest ranked Web search results returned when the symptom
name was used as a query. The 2 top terms from each of the 2
methods were used as alternative namesfor each symptom. For
each symptom discussed in the paper, the various possible search
terms expressing it have been mapped to the same medical term.
For example, the ADR diplopia could have been searched for
by using the colloquial term double vision.
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Table 1. Thechi-sguare contingency tablefor agiven drug and adverse drug reactions (ADRs) used for computing the query log reaction score (QLRS).

When user queried for the ADR User queried for the drug?

No Yes
Before Day O N11 N12
After Day O N21 N22

Three medical professionals (2 medical doctors, 1 nurse
practitioner) independently labeled the expansion terms with
respect to their relevance as an expansion term to each specific
medical term. The interannotator agreement estimated using
the Fleiss' kappa statistic [25] was 0.44 (P<.001). Thisis a
medium-level agreement. However, for 88% of the terms, most
annotators (ie, =2) agreed that the term was an appropriate
expansion of the medical term. Thus, our expansion method
constructsahigh-precision dictionary of terms. To maintain the
automated nature of our method, the results reported here are
based on al the expansion terms, not just those marked as
relevant by the annotators.

For each drug, wefirst identified all the userswho had searched
for the drug name. For those, we define Day Zero for each user
as the day when that user first searched for the drug. Day Zero
for all other users (who did not search for the drug) was defined
asthe midpoint of their observed query history. We then counted
the number of times each symptom was queried before and after
Day Zero by each user. The purpose of using the data from
peoplewho did not search for the drug wasto normalize against
environmental effects, eg, seasonal alergies. Thisisin contrast
with most prior infoveillance research [15], which is concerned
with whole-population prevalence rather than the comparison
of specific subpopulations, eg, people using or not using the
drug.

For each drug-symptom pair, we constructed a 2-way
contingency table counting the number of timesasymptom was
searched for before and after Day Zero, for users who did and
did not search for the drug (see Table 1). For each symptom,
we scored its prevalence as a reaction to the drug using the
Pearson’s goodness of fit test, the chi-square test statistic [26].
We refer to this score as the query log reaction score (QLRS).
Additional results for the top 100 drugs are provided in
Multimedia Appendix 1.

We used 2 reference datasets to assess the validity of our
findings. Adverse Event Reporting System (AERS, currently
known as the FDA Adverse Event Reporting System) is the
database of the FDA's postmarket safety surveillance program
for approved pharmaceutical drugs. The Side Effect Resource
(SIDER) listsknown ADRs for marketed drugs, extracted from
public documents and package inserts [27].

The AERS datawere downloaded from the FDA AERSwebsite
[28], and included reports submitted between January 2004 and
June 2010. Reports were mapped to the same list of symptoms
as QLRSusing the same synonym list. In total, 47% of the cases
in AERS were matched to at least 1 of the 195 symptoms or
their synonyms, indicating good coverage by the symptomslist
used in our study. Similar analysis was performed for SIDER.
To assess the overall quality of ADR discovery by our method,
we computed the Spearman rank correlation (p) between the 2
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lists of ADRs for each drug, 1 ordered by QLRS and 1 by the
number of AERS reports.

The AERS dataare complicated by the fact that multiple reports
can be submitted to the FDA for the same case, and that reports
can pertain to side effects of the drug, the underlying disease,
or another drug taken concurrently [29]. Therefore, ADR
prevalence according to AERS should be considered a noisy
reference. We employed several approaches to computing the
correlation. First, we used the raw report countsin AERS, and
denote the correl ation between these and QLRS by p;. We also
used the AERS data to compute 2 regularized measures of
disproportionality that are commonly employed for analyzing
adverse side effect reports. Specifically, we used the empirical
Bayes geometric mean (EBGM) [30,31], and denote the
correlation between EBGM computed for AERS and the QLRS
by p,. Finadly, the correlation between the information
component (1C) [32] computed for AERS and QL RSisdenoted

by ps.

We hypothesized that some ADRsare morelikely to be reported
tothe FDA, whereas otherstend to be self-addressed by patients
through online research. Consequently, if our method was to
discover previously unknown ADRs, the correlation can never
be perfect. Therefore, we first analyzed the commonalities
among the ADRswe discovered and those already known. Then,
we analyzed the properties of the newly discovered ADRs.

To focus on the ADRs identified by both our method and the
AERS data, we removed the 5 symptoms that most reduced the
value of 1 of the metrics, p,, using a greedy selection process.
We call the removed symptoms the most discordant ADRs
(MDADRYS). Specificaly, weiteratively identified and removed
the ADR that most reduced the Spearman rank correlation
between the AERS counts and the QLRSranking of ADRs. An
alternative method of removing discordant ADRs would focus
on reaching statistically significant values of p;. However, we
chose to use a fixed number to facilitate the analysis of
MDADRS, as performed subsequently.

I dentification of Adverse Drug Reactionsfor Multiple
Drugs

Some individuals are prescribed multiple drugs to be taken
simultaneously. The interaction between these drugs may give
rise to specific ADRs that are not present (or are present at
different severity) if each drug is taken individualy. Thus, in
the following we show how our method can be used to identify
ADRsthat are associated with taking pairs of drugs. Our method
attempts to remove the ADRs attributed to individual drugs so
as to identify those ADRs that arise from the combination
thereof.
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For each pair of drugs that were analyzed, we identified their
characteristic ADRs caused by the interaction by discounting
the probability of the ADRs arising from each of theindividual
drugs. This was done by subtracting the contribution of ADRs
of theindividual drugs as predicted by alinear regression model.
We hypothesized that the ADRSs observed in patients who only
take 1 of the drugs, will appear at asimilar ratio for the patients
who take both drugs. However, new ADRs that are caused by
the interaction of the 2 drugs will not be reliably predicted by
modeling each drug separately and will, therefore, appear a a
substantially different ratio than the prediction.

For each pair of drugs, we identified 3 digoint groups of users:
the first 2 groups are those who searched for only 1 of the 2
drugs, and the third group searched for both. For the first 2
groups, we counted the number of times each ADR was searched
for before and after Day Zero. For thethird group (ie, userswho
searched for both drugs), we defined Day Zero as
max (date-first-search(drug;), date-first-search(drug;)), where
date-first-search() isthe earliest date on which the user searched
for a given drug. We denote these numbers (before/after Day

Zero) for thei-th ADR in population p by nf; , (n; ). Next, we
defined the ratio of change in the ADR prevalence (after the
commencement of treatment with the second drug) asn®; //(n”; ,

+ nP ,). Finally, we built a regression model to predict the
probability of change in the third population (patients taking
both drugs) given the corresponding values in the first 2
populations. This regression model effectively discounts the
effect of the ADRs caused by each drug separately. We aso
identified MDADRSs for pairs of drugsin a similar way as for
individual drugs.

Results

We counted the number of times each drug appeared in AERS,
and found it to be highly correlated with the number of online
searches for that drug. For the drugslisted in Table 2, p = 0.66
(P=.002; n=20). The correlation becomes even more pronounced
for pairs of drugs, p = 0.73 (P<.001; n=380). The correlation
between the sales figures (as represented by the number of

prescriptions sold) and the number of Web searchesis R°=0.26
(P=.005). A linear model that uses both the number of AERS
reportsand the sal esfiguresto predict Web search volumeyields

a R? 2.4% greater than the one using only AERS reports. We
believe these findings mean that the search volume is more
indicative of the prevalence of ADRs rather than actual sales.
Thus, the popularity of a drug in Web queries is highly
representative of its appearance in AERS, suggesting that Web
gueries are strongly reflective of real-world phenomena.

Asnoted inthe Methods section, we assessed the overall quality
of ADR discovery by our method by computing the Spearman
rank correlation coefficient between 2 lists of ADRs for each
drug, 1 ordered by QLRSand 1 by the number of AERS reports.
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Table 2 reports the values of p, after removing 5 MDADRs for
each drug. QLRS predictions are relatively highly correlated
with the AERS counts, and the correlation is statistically
significant (P<.05) for 12 of the 20 drugs using the Olkin-Pratt
(DSL) fixed-effect meta-analytical approach [33] (P<.001;
n=20). Positive correlation was not found in only 1 of thedrugs
(Singulair). Interestingly, removing 15 MDADRs for this drug
(instead of 5) resulted in a statistically significant correlation
of p; =0.48 (P=.02), suggesting aparticularly high discrepancy
between the prevalence of ADRs as predicted by QLRS and as
registered in AERS for this drug.

We aso note that although most of the observed correlation
values are significant, they are far from indicating perfect
correlation. Thisisto be expected because the correl ation would
only have been perfect if our method were exactly rediscovering
the known ADRs. However, as we discovered previously
unknown ADRSs, we obviously achieved an imperfect match to
the list of known ones in AERS. In the following section, we
analyze the differences between the known ADRs and those
identified by our method. Additionally, thereisasmall negative
correlation (p=—0.22, P=.02) between the number of userswho
queried for a drug and p;. This demonstrates that higher
correlations are obtained when more data are available, and is
an additional cause for the imperfect correlations.

Statistically significant correlations with EBGM and IC were
alsofound (see Multimedia Appendix 1), and the meta-analysis
is statistically significant (P<.001; n=100). However, EBGM
and | C are measures designed to enhance the detection of ADRs
that are especially prevalent in a given drug under study
compared with all other drugs. At the same time, raw AERS
counts (used for the computation of p,) are more likely to be
associated with the appearance of an ADR regardless of any
other drug. Thisexplainsthe higher correlation we observed of
QLRSwith theraw AERS counts (p;) than with EBGM and IC

(p, and ps, respectively).

SIDER [27] contains information on ADRs extracted from
public documents and package inserts. Because of regulatory
and legal requirements, it isoverly inclusiveinitslistings, which
makes it a noisy reference as well. The SIDER data are
essentially binary, without relative frequency or absolute counts,
which makesthe previous correlation analysisinapplicable. We
used SIDER to assess the accuracy of QLRS by computing the
area under the curve (AUC) [34] of a receiver operating
characteristic (ROC) curve and the F score [35], taking as
positive examples all the ADRs listed in SIDER for the drug.
AUC measuresthe method' s ability to correctly identify known
ADRSs, whereasthe F score simultaneously considers precision
and recall. Only 8 of the 20 drugs we analyzed appeared in
SIDER, and the corresponding accuracies are reported in Table
3 (after removing MDADRS). The results suggest that our
method is able to reconstruct known ADRS, as measured with
AUC and the F score.
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Table2. Spearman rank correlation (p) between query log reaction score (QLRS) and the number of adverse drug reaction (ADR) reportsin the Adverse
Event Reporting System (AERS), with the most discordant ADRs (MDADRS) removed.

Drug P1 Pvalue? MDADRS’

Advair 0.28 Anxiety, apnea,° chest pain, cough, weight gain®
Aranesp 0.30 Asthenia, back ache, back pain, edemac

Diovan 0.34 Chest pain, cramp,® sleepy, wound

Effexor 0.54 <.001 Nauses, phobia,® sleepy,® weight gain®

Enbrel 0.39 .02 Back pain, cough, diarrhea, fever, weight gain®
Lipitor 0.54 <.001 Asthenia, constipation, diarrhea, dizziness, nausea
Mabthera 0.38 .01 Chest pain, fever, headache, malaise, wound®
Nexium 0.45 .008 Abdominal pain, tired,® weak,® weight gain®
Norvasc 0.34 Apnea,® constipation, cramp,’ tired,® weight loss®
Pantoloc 0.49 .001 Chest pain, fever, headache, malaise, nausea
Pantozol 0.51 .006 Chest pain, fever, headache, malaise, nausea
Plavix 0.25 Back pain, chest pain, cough, paresthesia
Protonix 0.25 Abdominal pain, diarrhea, nausea, vomit®
Remicade 0.37 .04 Chest pain, fever, infertility,® paresthesia, rash
Risperda 0.40 .02 Diarrhea, headache, insomnia, weight gain®
Rituxan 0.23 Abdominal pain, diarrhea, paresthesia, weak®
Seretide 041 0.004 Chest pain, dyspnea,® headache, malaise, nausea
Seroquel 0.48 0.004 Apnea,® dizziness, headache, weight gain®
Singulair —-0.06 Apnea,® dizziness, insomnia, tired®

Zyprexa 0.61 0.002 Constipation, diarrhea, nausea, paresthesia, somnolence

3P values are provided for statistically significant correlations (n=45).
bUnless otherwise indi cated, MDADRs are those prominent in AERS.
°MDADRSs emphasized in QLRS.

Table 3. Accuracy of adverse drug reaction (ADR) identification by using QLRS, tested against the SIDER dataset with most discordant ADRs

(MDADRS) removed.

Drug F score (df) AUC
Advair 0.77 0.67
Diovan 0.43 0.71
Effexor 0.94 0.67
Lipitor 0.76 0.7

Pantoloc 0.44 0.57
Pantozol 0.44 0.64
Plavix 0.55 0.59
Singulair 0.52 0.64

Most Discordant Adver se Drug Reactions

Analyzing the MDADRSs revealed characteristic differences
among the known ADRs (registered in AERS and SIDER) and
those identified by our method. The ADRs identified as most
discordant are not random; instead, they belong to 1 of the

http://www.jmir.org/2013/6/e124/
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following 2 classes, asshown in Table 4. Thefirst classincludes
ADRs that are readily recognized by patients and medical
professionals because of their acuteness and fast onset. The
other class includes later onset, less acute ADRS, which are
more difficult to identify using self-reporting methods.
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Asnoted previously, upon removing asfew as5 MDADRSs, the
correlation between QLRS and AERS counts (p,) frequently
becomes datistically significant. Conversely, removing a
random subset of 5 symptoms only results in a negligible,
statistically insignificant change in the correlation.

Although the MDADRs were identified separately for each
drug, they were highly consistent across drugs. Of the 32
MDADRswe identified overal, 22 were chosen for more than
1 drug (mean 3.1, SD 2.3). Significantly, these ADRs were
always overemphasized either in the query log or in AERS, but
never in both (for different drugs). The likelihood of such
behavior at random is smaller than 1:105. A typical exampleis
the ADR nausea, which appeared at afar higher rank (ie, more
prevalent) in the AERS dataset than in the QLRS ranking for 7
out of the 20 drugs, and was never found at arank below that
of QLRS for the other drugs.

Most importantly, MDADRSs that are prominent in queries and
in AERS have notable differences in their tempora behavior.
As an illustrative example, we used the query log to compute
the cumulative density functions (CDFs) over time for 2
MDADRSs for the drug Effexor, 1 overemphasized in AERS
(nausea) and 1 overemphasized by QLRS (dleepiness). Figure
1 shows the difference between the CDFs of the 2 MDADRS,
starting from the time the drug is first searched for (day 0). As
Figure 1 demonstrates, each of these2 MDADRsismorelikely

Yom-Tov & Gabrilovich

to occur in a different time range. Observe that the symptom
prominent in AERS (nausea) is usually searched for shortly
after the first query about the drug (ie, several days after Day
Zero), when it is much more likely than the other symptom. In
contrast, the symptom ranked highly by QLRS (sleepiness)
appears much more prominently 45 to 75 days after the
commencement of treatment, when the likelihood of nausea
drops significantly.

We measured the difference in the time of onset (defined asthe
number of days between the first search for the drug and the
first search for the ADR in the query log) for the MDADRsthat
wereoveremphasized by QLRS andinthe AERS data. Averaged
over dl thedrugs, the difference was 7.3 days (2-sided Wilcoxon
signed rank test [36], P=.01; n=15). Based on these findings,
we conclude that ADRs are more likely to be reported to the
regulatory authoritiesif they appear shortly after commencing
the treatment (as it might be easier for patients and caregivers
to link the ADRs to the treatment), and that are serious enough
to warrant reporting. Conversely, ADRs identified by our
method usually appear much later after the beginning of
treatment; hence, their possible association to the drug is often
overlooked.

Thus, the MDADRS overemphasized by QLRS represent an
interesting class of reactions that are harder to discover using
traditional methods.

Figure 1. Temporal behavior of adverse drug reactions (ADRs). The difference between the cumulative probabilities of the ADRs “nausea” and
“deepiness’ for the drug Effexor. The ADR highly ranked by QLRS (sleepiness) has amuch later onset (45-75 days).
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Table4. Most discordant adverse drug reactions (MDADRs) identified (out of the 20 drugs analyzed).

MDADRs

Overrepresented in AERS
Abdominal pain
Asthenia
Back pain
Chest pain
Constipation
Cough
Diarrhea
Dizziness
Fever
Headache
Insomnia
Malaise
Nausea
Paresthesia

Overrepresented in the query logs
Apnea
Cramps
Sleepy
Tired
Weak
Weight gain
Wound

A N AN OO OO W O W W 0O W N W

N O N W N N b

@Number of drugsin which MDADR appeared.

Correlation Between Query L og Reaction Scor es of
Similar Drugs

Several of the drugs we investigated are different brands of
essentially the same drug. All other things being equal, we
expected that patients taking 2 different brand versions of the
same drug would experience similar ADRs. To evaluate this
conjecture, we conducted 2 evaluations. First, we measured the
Spearman correlation between the QLRS of ADRs for the
multiple brand versions of the samedrug. Second, we evaluated
the correlation between the QLRS and AERS counts after
aggregating the chi-sguare contingency tables for drugs that
have the same generic names.

The intradrug correlation (different brands of the same drug)
was, on average, 0.42 compared to 0.23 for all the other pairs
of drugs (P=.03, 1-sided rank sum test). Thus, athough the
ADRs are somewhat different among the near-identical drugs,
the correlation is statistically significantly higher than that
observed for random pairings of drugs. Theimperfect correlation
can be explaned by several factors. First, different
manufacturers may produce drugs with dlight variations in
inactive ingredients, coloring agents, and fillers. The changein
fillersin the drug Eltroxin in Israel has been associated with a

http://www.jmir.org/2013/6/e124/

large number of patients experiencing major side effects,
including changes in heart rate, dizziness, and difficulties in
breathing [37]. Furthermore, there could be demographic
differences between the populations taking those drugs. For
example, different brand versions may be prescribed in different
markets or different geographical regions. Finally, athough
many health care providers report that they do not employ
special monitoring after switching from brand namesto generic
drugs, some have encountered specific ADRs caused by
switching [38]. Thus, there are known differences in ADRS
caused by different versions of similar drugs.

Nonetheless, the relatively high correlation between the ADRs
of similar drugs provides additional supporting evidence that
the ADRsdiscovered by QLRS are agenuinereflection of actual
patient experiences.

By using RxNorm [39] weidentified 30 drugsthat are different
brand versions of 14 generic drugs, out of the 100 drugs that
weanalyzed (see Multimedia Appendix 1). For example, Procrit
and Eprex are 2 brand versions of the generic drug
erythropoietin. This allowed us to focus the analysis on the
generic component of the drug rather than the specific brand
names, by computing an aggregated contingency table for all
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brand name versions of the same generic drug before computing
the QLRS (the AERS counts were aggregated similarly).

The resulting correlations are reported in Table 5. The values
of p; aggregated over all the brand names of the same generic

drug are significantly higher than those for individua brand

Yom-Tov & Gabrilovich

names (on average, aggregated p; = 0.62 compared to 0.35 for
individual brand names). Inall 14 cases, statistically significant
correlations between the QLRS and AERS counts were found.
MDADRSsfound in the aggregated data were the same as those
identified in the brand name versions of the drug in 79% of the
cases.

Table 5. Spearman rank correlation (p) between the adverse drug reports (ADRS) of generic drugs as identified by query log reaction score (QLRS)
and by the number of reports in the Adverse Event Reporting System (AERS), with most discordant ADRs (MDADRS) removed according to the raw
report countsin AERS. The QLRS and AERS countsfor the generic drugs were computed by aggregating over multiple brand names of the same generic

drug. For statistically significant correlations, P values are provided (n=45).

Brand names Generic name Averaged pq of individual p4q aggregated over all the P value
brand names brand names of the same
generic drug

Procrit, Eprex Erythropoietin 0.35 0.72 <.001
Neulasta, Neupogen Filgrastim 043 0.54 .003
Lantus, Humalog Insulin analog 043 0.60 <.001
Avonex, Rebif Interferon beta-1a 0.60 0.83 <.001
AcipHex, Pariet Rabeprazole 0.21 0.53 .002
Protonix, Pantozol, Pantoloc Pantoprazole 0.42 0.67 <.001
TriCor, Lipanthyl Fenofibrate 0.40 0.70 <.001
Rituxan, MabThera Rituximab 0.31 0.52 .003
Advair, Flovent Fluticasone 0.31 0.64 <.001
Cozaar, Hyzaar Losartan 0.42 0.56 <.001
Losec, Prilosec Omeprazole 0.27 0.65 <.001
Paxil, Seroxat Paroxetine 0.13 0.44 .002
Avandamet, Avandaryl, Avandia Rosiglitazone 0.38 0.67 <.001
Imigran, Imitrex Sumatriptan 0.26 0.60 <.001

We attribute these findings to several reasons. First, by
aggregating different brand name versions of a drug we focus
on the active ingredient of the drug, which is more likely to be
reported in AERS by medical personnel. Second, averaging
these additional observations over multiple drugs reduces the
amount of noise in the data, and thus increases the correlation
with AERS. Finally, analyzing the active ingredient reducesthe
effect of individual manufacturing procedures and components,
and thus focuses the analysis on a simpler set of chemical
components, which may have asmaller set of ADRs.

Adver se Reactionsto Multiple Drugs

Some ADRs occurred only when 2 drugs were taken
concurrently or in close temporal proximity. These ADRs can

http://www.jmir.org/2013/6/e124/

be especialy difficult to detect because they occur infrequently,
and only in a population that takes both drugs. To this end, we
extended our method to identify ADRs of pairs of drugs.

The correlation between QLRS rankingsand AERS (raw counts,
EBGM, and IC), for the 10 most common pairs of drugs, is
shown in Table 6. These correlations are lower than those for
individual drugs, but are till statistically significant using the
Olkin-Pratt (DSL) fixed-effect meta-analytical approach [33]
(P<.001; n=10). We believe this result is noteworthy because
it may be more difficult to include in a clinical tria those
patients who take multiple drugs concurrently.
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Table 6. Spearman rank correlation (p) between the adverse drug reactions (ADRs) of pairs of drugs identified by query log reaction score (QLRS)
and by the number of reports in the Adverse Event Reporting System (AERS), with most discordant ADRs (MDADRS) removed according to the raw

report countsin AERS.

Drug1 Drug 2 p1 P2 P3
Risperdal Seroquel 0.27 -0.08 -0.16
Effexor Advair 0.28 -0.11 0.04
Zyprexa Seroquel 0.1 0.15 -0.05
Advair Lipitor -0.21 0.05 0.02
Plavix Lipitor 0.3 0.29 0.24
Lipitor Effexor 0.14 -0.18 -0.02
Advair Plavix 0.14 0.15 0.05
Nexium Plavix 0.19 0.11 0.33
Seroquel Effexor 0.32 0.15 0.11
Lipitor Nexium 0.12 0.07 0.14

Based on these findings, we believe our method can also be
applicable to combination products (ie, drugs that contain 2 or
more active substances), if each of the active substances is
marketed also as a separate drug in similar doses. We plan to
extend our method to combination productsin our future work,
and intend to investigate whether the correlation can be
increased, for example, by using nonlinear correl ation measures.

In their recent work, White et al [40] used search logs to study
the side effects of 1 specific drug pair, paroxetine and
pravastatin, whose interaction was reported to cause
hyperglycemia. Their finding confirmsthe utility of searchlogs
in identifying drug interactions, which were later validated by
the FDA. However, there are several key differences between
their study and ours. First, the method proposed by White et a
performs a direct count of symptoms, thus not taking into
account seasonal and other effects handled by the QLRS method.
Second, to identify queriesthat areindicative of hyperglycemia,
White et a constructed a list of hyperglycemia-related terms
manually by reviewing the relevant medical literature. In
contrast, we map user queries to medical terminology in an
automated way, building on query expansion methods developed
in the field of information retrieval. Finally, whereas White et
al only analyzed 1 particular condition (hyperglycemia) and 1
specific pair of drugs (paroxetine and pravastatin), our study
was conducted on a substantially larger scale. Specificaly, we
automatically mined side effects of 100 top-selling drugs and
their combinations, and side effects of vaccines.

Discussion

Principal Findings

Clinical trials of pharmaceutica drugsarelimitedin their extent
owing to their prohibitively high cost and insufficient diversity
among participants. On the other hand, voluntary reporting of
ADRs by patients and heath care professionals is limited
because of the extra effort required, and because of the difficulty
of linking the ADRs to the drug that caused them (especialy
when these ADRs have a late onset or are caused by multidrug
treatments). We propose a novel, low-cost method for
discovering adverse drug reactions from aggregated Web search

http://www.jmir.org/2013/6/e124/

data of large populations of Internet users. We demonstrated
that our method allows anayzing the ADRs of drugs and
vaccinesin dramatically larger populationsthan typical clinical
trials, and can assist in identifying ADRsthat have so far eluded
discovery by the existing mechanisms.

We believe our method constitutes a new, complementary
approach to pharmacovigilance, because of its computational
efficiency and access to vastly larger and more diverse
populations. There are multiple avenues for future work. The
effectiveness of our method can be validated by analyzing
medical records (eg, OMOP), or by assessing its ability to
predict changes in safety labels by regulatory authorities. It
would also beinteresting to compare the QL RS to those derived
from the analysis of social media. Finally, a validation of
MDADRSs through clinical trials would be of significant value
to validate our method. Specifically, we propose to test the
MDADRSs found by our method, which are underemphasized
in current ADR databases (eg, AERS), in aclinical setting or
through phase 4 trials. Such trials should be prioritized by the
severity, volume of searches, and uniqueness of the ADRs
discovered. Once verified, these MDADRS will become an
important addition to thelist of known ADRs of which patients
areinformed. Finally, quantifying the strength of the protopathic
bias (if any) in our data would serve to strengthen the validity
of ADRs discovered by our method.

Our work fallswithin the domain of infodemiology; that is, the
study of Internet mediato inform public health and policy [15].
Much previous work in this area has centered on detection and
characterization of transient events (ie, disease outbreaks [15]
and special events [40]) and the analysis of the kinds of
information available to users [41,42]. Our paper is novel in
that it makes use of search engine queries to identify transient
events at theindividual level and, moreimportantly, to discover
associations between events [15] that eluded detection by the
patients themselves or their health practitioners.

Limitations

The main drawback of relying on Web search dataisthat it is
inherently noisy. It is often impossible to ascertain whether a
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person searching for drugs and ADRs is doing so out of
curiosity, or conducting research for himself, arelative, or even
for a patient. Admittedly, Internet users comprise a biased
sample of the population, and so the ADRs discovered may not
be fully representative of the entire population. Nonetheless,
our results suggest that the sheer size of the dataalleviatesthese
concerns, and the proposed method is able to identify adverse
effects of drugs that are not captured by existing surveillance
mechanisms.

Another limitation of this study is using a restricted set of
symptoms expanded through the use of synonyms. Although a
larger dictionary would have allowed identification of additional
(and possibly rarer) ADRs, our focus on more common
symptoms is likely to lead to better identification of the more
common concerns to patients. Future work will focus on
professionally used term dictionaries to focus on more
knowledgeable patients and health providers. Another way to
strengthen our results is the use of non-English search data,
which will increase the volume of data (and the size of the
observed population); thus, enabling the analysis of lessfrequent
drugs and ADRs.

Finally, although thiswork isbased on datafrom alarge Internet
search engine, it does not cover the entire population. However,

Yom-Tov & Gabrilovich

privacy concerns preclude conducting our analysis across search
engines, as the latter never share information about their users.
Nevertheless, given the sheer number of users whose data was
analyzed in the study (176 million, which is especially notable
compared to most other pharmacovigilance studies), we believe
our findings are still significant. It should also be emphasized
that QLRS discovers ADRS via aggregating queries across
multiple users and query sessions. Consequently, the output of
our method comes in the form of a list of newly discovered
ADRsfor each drug, and does not include any private, personal,
or user-specific data whatsoever.

Conclusions

Our approach is mostly language-independent except for the
initial list of symptoms [20], and obtaining the latter from
non-English versions of Wikipediawill allow one to apply the
method to additional languages, markets, and populations.
Extending the coverage is particularly important for studying
rare events, such as ADRs in patients who take many
prescription drugs. Computational pharmacovigilance, which
uses observational data such as Web search query logs, is
complementary to the existing data coll ection mechanisms, and
the ADRs it identifies should be considered as candidates for
further investigation.
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Abstract

Background: Increasing an individual’s awareness and understanding of their dietary habits and reasons for eating may help
facilitate positive dietary changes. Mobile technologies allow individuals to record diet-related behavior in real time from any
location; however, the most popular software applications lack empirical evidence supporting their efficacy as health promotion
tools.

Objective: The purpose of this study was to test the feasibility and acceptability of a popular social media software application
(Twitter) to capture young adults' dietary behavior and reasons for eating. A secondary aim was to visualize data from Twitter
using a novel analytic tool designed to help identify relationships among dietary behaviors, reasons for eating, and contextual
factors.

Methods: Participants were trained to record all food and beverages consumed over 3 consecutive days (2 weekdays and 1
weekend day) using their mobile device's native Twitter application. A list of 24 hashtags (#) representing food groups and
reasons for eating were provided to participantsto guide reporting (eg, #protein, #mood). Participants were encouraged to annotate
hashtags with contextual information using photos, text, and links. User experience was assessed through a combination of email
reports of technical challenges and a 9-item exit survey. Participant data were captured from the public Twitter stream, and
frequency of hashtag occurrence and co-occurrence were determined. Contextual data were further parsed and qualitatively
analyzed. A frequency matrix was constructed to identify food and behavior hashtags that co-occurred. These relationships were
visualized using GMap algorithmic mapping software.

Results: A total of 50 adults completed the study. In all, 773 tweets including 2862 hashtags (1756 foods and 1106 reasons for
eating) were reported. Frequently reported food groups were #grains (n=365 tweets), #dairy (n=221), and #protein (n=307). The
most frequently cited reasons for eating were #social (activity) (n=122), #taste (n=146), and #convenience (n=173). Participants
used a combination of study-provided hash tags and their own hash tags to describe behavior. Most rated Twitter as easy to use
for the purpose of reporting diet-related behavior. “Maps’ of hash tag occurrences and co-occurrences were developed that
suggested time-varying diet and behavior patterns.

Conclusions: Twitter combined with an analytical software tool provides a method for capturing real-time food consumption
and diet-related behavior. Data visualization may provide a method to identify relationships between dietary and behavioral
factors. These findings will inform the design of a study exploring the use of social media and data visualization to identify
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rel ationshi ps between food consumption, reasons for engaging in specific food-related behaviors, relevant contextual factors, and

weight and health statuses in diverse populations.

(J Med Internet Res 2013;15(6):€125) doi:10.2196/jmir.2613
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Introduction

The high prevalence of abesity continues to be a major public
health challenge in the United States [1], contributing to
increased incidence of weight-rel ated comorbidities (eg cancer,
type 2 diabetes, cardiovascular disease) and early mortality [2].
The societal burden of obesity is substantial, including loss of
productivity, increased health care costs, and decreased quality
of life [3]. Collectively, these economic and social costs
significantly threaten the stability of our society.

The dramatic increase in obesity over the past 3 decades is
attributed to a mismatch between humans’' evolved physiology
and the contemporary environment, characterized by an
abundance of high-calorie foods with few opportunities for
equivalent energy expenditure [4]. Within this obesogenic
environment, individuals must exert asignificant and sustained
level of self-regulation to avoid weight gain.

It has been suggested that an overall increased availability of
calories (and subsequent increased energy intake) can explain
asignificant proportion of theincrease in obesity prevalence at
the population level [5]. Data from nationally representative
diet and health behavior surveys (Nationwide Food Consumption
Survey, 1977-78; the Continuing Survey of Food Intakes of
Individuals, 1989-91; and the National Health and Nutrition
Examination Surveys, 1994-98 and 2003-06) suggest that
increases in energy intake over the past 30 years may be
attributed to an increased frequency of eating and drinking
occasions (in particular, snacking occasions) and larger portion
sizes [5]. These 2 dietary behaviors represent specific and
modifiable intervention targets, whereby excess energy intake
may be reduced and excess weight gain prevented if strategic
reductions are achieved.

Despite extensive evidence-based dietary guidance directed at
consumers (eg, Healthy People 2010 and the Dietary Guidelines
[6,7]), implementation of healthy lifestyle habits by Americans
remainslacking [8]. Nutrition education research has established
that knowledge about healthy eating is necessary but not
sufficient to change behavior [9]. Qualitative and quantitative
studies of eating behavior have confirmed that decisions around
eating behavior are often unconscious and based on established
habits [10]. As a result, dietary choices are often reactively
determined by where, when, and with whom an individual eats
rather than a product of conscious planning. Given the
disproportionate availability of unhealthy compared to healthy
foods, thereisahigh probability that the most readily available
foods are not low calorie or nutrient-dense choices.

In the midst of this Information Age [11], the rapid advent of
wireless technologies has already begun to revolutionize
personal health. The number of smartphone usersisincreasing

http://www.jmir.org/2013/6/e125/

and wirelessdevices are rapidly expected to become the number
one way by which consumers will access information and
resources on the World Wide Web [11]. This rise of mobile
health devices and software applicationsis projected to continue
well into the next 5 years, wherein over 80% of wirelessdevice
purchases in 2016 will be for systems to monitor and improve
health [12]. The ubiquity of mobile device ownership [13] has
placed the power to influence health directly into the hands of
consumers, including the ability to record and access
personalized health information continuously, in real time, and
from any location. At the same time, ready access to the large
amounts of data collected through mobile devices and
applications remains one of the greatest challenges facing the
utility of mobile health (mHealth). The use of mobile devices
and the resultant big data to influence health behavior change
can only be redlized if the data are translated into easily
understood and actionable stepsin real life. Mobile interfaces
which provide users with access to their own datain ways that
will help them to make optimal choicesfor their age, life stage,
location, culture, beliefs, and resourcesis a critical—and often
overlooked—aspect of existing mHealth applications.

Despite a large number of software applications available in
mobile devices (i0OS, Android, Microsoft, and Blackberry) to
help individuals track eating behavior and make healthy food
choices, most lack empirical data supporting their utility as
health promotion tools. In addition, commercial applications
often use proprietary methods of caculating energy
intake/expenditure or restrict the type and amount of data that
are collected and provided to the individual user which may
obscure critical information from the user and perpetuate
misinformation about dietary behaviors, nutrition, and health.

Changing a pattern of established behavior—particularly
diet—is a complex process, and barriers to engaging in and
maintaining dietary behavior change arewell documented [14].
Extensive research suggests that eliminating an undesirable
behavior does not involve unlearning, but rather new learning,
and the physical environment and social context in which
learning takes place (eg, emotions, time) will influence the
learning process [15]. Thus, strategies designed to help
individual s engage in and maintain changesin dietary behavior
should acknowledge and address this complexity, providing
critical information and feedback when most needed, including
when, where, and with whom food choices and eating behaviors
areoccurring. A first step toward understanding the complexity
of eating behavior is devel oping and testing amethod to capture
these critical data.

Therefore, the purpose of this study was to test the feasibility
and acceptability (including usability) of a popular and free
social mediaapplication (Twitter) to capture food and beverage
consumption behavior and reasons for eating over 3 daysin a
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group of young adults. A secondary aim was to capture and
analyze user data from Twitter using a novel analytic tool, and
visualize these data using behavioral mapsto identify patterns
in intake and behavior, and potentia relationships between
foods and contextual factors.

We posited that by tracking typical dietary choices and reasons
for making food-related decisions simultaneously and in real
time, relationships between these factors would emerge, and
the addition of contextual factors, such as when, where, and
with whom a person eats, would enrich these data providing
additional information related to diet quality and potential
mediators of dietary behavior.

Methods

Design, Participants, Recruitment, and Setting

Fifty adults were recruited from the University of Arizona
between February and April 2012. Recruitment activities
consisted of email advertisements sent to undergraduate listservs
and announcements in undergraduate and graduate student
classes. Inclusion criteria for the study included ownership of
aWeb-enabled mobile phone or smartphone, willingnessto use
a study-designated Twitter account for all study activities, and
age older than 18 years at time of enrollment.

Respondents were invited to attend information sessions at the
University of Arizona's Department of Nutritional Sciences
and informed consent was obtained from those who were
interested and eligible. Participants were provided instructions
on how to access Twitter and activate a study Twitter account
using a nonidentifiable study-assigned Twitter handle, and
assigned a study orientation date.

Procedures

During the 1-hour study orientation session, participants were
trained to use Twitter to record all food and beverages consumed
over 2 weekdays and 1 weekend day, and their reasons for
choosing these foods and beverages. Participants were asked to
report these data using hashtags (#), Twitter’s electronic
shorthand that is used to describe people, places, and thingsin
aconsistent manner. A list of 24 hashtags plus examples were
provided to guide reporting and categorization of foods and
reasonsfor eating. Thelist wasinformed by nomenclature used
to describe food groups in nutrition education materias
developed by the US Department of Agriculture (ie, the
ChooseMyPlate) and reasons for eating commonly reported in
the behavioral literature [16]. Additionally, participants were
instructed to annotate hashtags with descriptive information
(eg, short phrases, photos, or links) to provide additional
information about where, when, why, and with whom specific
diet behaviors occurred.

Following the orientation session, participants recorded their
diet and reasons for eating for 3 consecutive days using their
study-provided username and password and their mobile phone's
native Twitter application. All subsequent Twitter messages
(tweets) were visible on the public Twitter stream, but authors
were not identifiable.

http://www.jmir.org/2013/6/e125/
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The usability and acceptability of this approach was evaluated
using a comprehensive evaluation approach that involved 2
complementary methods [17], real-time feedback from
participants who were encouraged to email the study coordinator
with technical problems or questions during the 3 days,
combined with a 9-item exit survey that evaluated acceptability
(satisfaction) of the experience after completion of data
collection (see Multimedia A ppendix 1). Survey responseswere
collected using SurveyMonkey [7], a commercially available
Web-based service. Questionsincluded participant preferences
regarding Twitter access (ie, mobile platform vs desktop
interface) and an overall rating of the application’s usability
(eg, how easy/difficult it was to record their food intake using
the application). Participants were also asked whether they felt
adequately trained to use the application within the context of
the study, and how—if at all—they would like to see the results
of their tracking displayed. Participants were provided US $20
cash incentive upon completion of the exit survey. Permission
to conduct the study was obtained from the Institutional Review
Board at the University of Arizona.

Data Analysis

Participant datawere downloaded from the public Twitter stream
using a novel Web-based data capture application (ViBE),
devel oped specifically to identify and retrieve datafrom Twitter.
For each participant, VIiBE automatically calculates the
frequency of hashtag occurrences in the Twitter stream during
the designated study period, as well as the frequency of
co-occurrences  with other hashtags. Occurrence and
co-occurrence datawere merged and compiled as anormalized
matrix. The matrix was exported from VIiBE and visually
processed using the agorithmic framework of GMap 1988
version 2.29.0 (AT& T Research) as a complete edge-weighted
graph in which the Twitter hashtags and their matrix values
correspond to the vertices and edge weights of the graph,
respectively (see Multimedia Appendix 2). Co-occurrences are
displayed on the resulting graph or map as adjoining “countries.”

The canonical map was produced by GMap [17,18], included
with the Graphviz [19,20] graph visualization software (AT& T
Research), whichisanintuitive visualization of therelationships
between patterns of foods and beverages consumed, and
diet-related behaviors. GM ap maps have been used for avariety
of behavioral applications, including understanding purchasing
of Amazon.com consumers [17]. Using these maps, users are
able to see behavioral patterns and infer relationships. GMap
has been further augmented by AT& T Research to handle
streaming feeds from Twitter [21] and addresses the challenge
of real-time data collection and visualization [22].

Results

Feasibility

All participantswere ableto use Twitter and the study-provided
list of hashtags to report their food and beverage intake and
related dietary behaviors for 3 consecutive days. A total of 773
tweets containing 2862 hashtags were reported (1756
food-related hashtags and 1106 reasons for eating hashtags).
The 3 most frequently reported food-related hashtags were
#grains (21%), #protein (17%), and #dairy (13%), whereasthe
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most frequently reported reasons for eating were #convenience
(16%), #taste (13%), and #socia (11%) (Figures 1 and 2). A
total of 164 errors in hashtag spelling were observed (141
food-related hashtags and 23 behavioral hashtags were
misspelled). In addition, participants also created 30 of their
own hashtags (which were reported 40 times during the course
of the study; see Table 1).

Data Visualization

The ViBE software was used to retrieve data from Twitter and
determine the frequency of occurrences and co-occurrences.
This matrix was imported into the GMap software platform,
and several canonical maps (Figures 3 and 5) were produced.
The most frequently co-occurring hash tags were clustered into
“countries” designated by a unique color. The data were
separated into 4-hour time increments (6 am-10 am, 10 am-2
pm, 2 pm-6 pm, 6 pm-10 pm, 10 pm-2 am, and 2 am-6 am),
and frequency of hashtag occurrence by time of day was
explored over 24 hours. Frequency of hash tag reporting during
4-hour time blocks are represented by the intensity of color, in
which darker colors represent more frequent hashtag reporting
(Figures 4 and 6). The most active reporting periods were
observed between 2 pm and 6 am (92% of all tweets).

Acceptability
During the 3-day data collection period, 3 of 50 participants
contacted the study coordinator viaemail and Twitter to receive

Hingle et d

help on classifying specific foods (2 questions), and constructing
a hashtag that involved spaces (1 question). Additional survey
data was collected from participants upon completion that
suggested the Twitter platform waswell received by participants
overal. There was ambiguity regarding the use of several hash
tags (eg, #appearance, which participants interpreted as either
a person’s appearance or the food's appearance). Participants
also suggested that the ability to add their own hashtags should
be an option to more precisaly describefood choices and reasons
for eating.

Of the 50 participants, 56% used only their maobile phones to
access Twitter, 8% used their desktop or laptop computer, and
36% used acombination of mobile phone and desktop or laptop
computer. Most participants who used both methods preferred
the mobile phone to the computer. Although 73% (38/50) rated
Twitter as very easy to use, 10% (5/50) reported that the
140-character limit imposed by the application made it a
challenge to accurately report foods and reasons for eating.
Many participants 36% (8/50) described the use of Twitter to
record diet and behavior as a positive experience. Six
participants (12%) recommended increasing the study duration
to obtain a more comprehensive summary of their food intake
and related dietary behavior, and 18 participants (36%) also
commented about providing feedback to users about diet quality
and suggestions on how to improve diet quality.

Figure 1. Frequency and timing of food hashtags over a 24-hour time period.
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Figure 2. Frequency and timing of behavior hashtags over a 24-hour time period.
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Table 1. Freguency of hashtags reported by participants (50 participants over 3 consecutive days).

Hashtags Frequency

Study-provided

Food-related

#alcohol 41

#beverage 198
#dairy 221
#fat 174
#fruit 131
#grains 365
#protein 307
#aweets 150
#vegetable 169

Behavior-related

#appearance 5
#boredom 0
#convenience 173
#oost 68
#culture 14
#hedlth %
#hunger 120
#ocation 79
#mood 103
#performance 30
#preference 41
#socia 122
#taste 146
#ime 109
#weather 2

Participant-gener ated

Food-related
#bread
#outter
#carbohydrates
#earbs
#coffee
#otsoffat
#meat

[ S e e N N

#meats

Behavior-related
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Hashtags

Freguency

#2

#3-

#aapl
#breakfast
#comfort
#craving
Heasy
#feed
#friend
#goingtofeelitinthemorning
#habit
#happy
#healthy
#home
#leftovers
#lunch
#price
#random
#still

#Hest
#timeegg
#vibestudy
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Figure 3. Study-generated data collected were transformed into a co-occurrence matrix and then applied to a visualy representative map. Common
co-occurrence hashtags placed in a country denoted by different colors on the map. Frequency of hashtagsis also shown with centrally located countries
contributing to higher frequencies and periphera countries contributing to lower frequencies of hashtags.
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Figure4. Heat maps showing frequencies throughout a 24-hour time period for study-generated data are shown. Higher frequencies are displayed with
adarker blue hue, whereas progressively lower frequencies are lighter in blue. White coloration refersto little to no frequency activity.

weather
—
appearance
sopraance
culture
culture
oo
performance location soclal
oot
alcohol performance location
L protein  dairy alcohol
vegetable
hunger sweets.
cost D family.
cost fat
health . beverage fomity
p health taste /
reference grains
) preference
convenience  time
fruit
ends N
sty avataiy
B:2AM.-6AM. C:6AM.-10 AM.
e
weathe
appearance
appearance
culture
culture
st
e performance | |ocation
performance focation A - mood
S alcohol
protein  dairy alcohol ),
vegetable vogoten B >
N sweets hunger SRNME sweots
cost fat
cost poverage - N iy
neaitn taste health taste *
rains o)
g preference nce
convenience time
fruit
triend: rlends.
avaiabtty Sy
e
-
‘appearance
appearance
uture
e
performance location - 7
performance location L
(. mooa
alcohol * alcohol
tfamily cost tfamily
health
wionds wends
avlabtty avaaiy

JMed Internet Res 2013 | vol. 15 | iss. 6 [€125 | p.162

http://www.jmir.org/2013/6/€125/
(page number not for citation purposes)

XSL-FO

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Hingleet d

Figure 5. Study-generated hash-tags over a 24-hour time period. Study-generated data collected were transformed into a co-occurrence matrix and
then applied to a visually representative map. Common co-occurrence hashtags placed in a country denoted by different colors on the map. Frequency

of hashtagsis also shown with centrally located countries contributing to higher frequencies and peripheral countries contributing to lower frequencies
of hashtags.
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Figure 6. Study-generated hashtags over a 24-hour time period. Heat maps showing frequencies throughout a 24-hour time period for study-generated
data are shown. Higher frequencies are displayed with adarker blue hue, whereas progressively lower frequencies are lighter in blue. White coloration

refersto little to no frequency activity.

weather

appearance

culture

-
2
alcohol
n iy
health ,‘ )
FOF ./; Rectorence
convenien m;‘\

performance | location

fruit

tiends.

avatabity
weather
appearance
culture
social
performance location
mood
protein  dairy alcohol
vegetable
hunger hets
cost o/
beverage Nty
heaitn tast
grains
preference
convenience time
fruit
riend
avaliabitty
westhr
appearance
cutture
performance | location - -
alcohol
sy

avalabity

F:6 PM.-10 P.M.

http://www.jmir.org/2013/6/€125/

XSL-FO

RenderX

etr
JE——
culture
ot
performance  location
oo
protein dairy | alcohol
vegetable
hunger sweets
% beverage | "t iy
health taste
grains
preference
convenience time
fruit
wina
bty
st
appearance
culture

performance | location

< mocd
alcohol
vegetable £
£ sweets

hunger v
cost fat
sy
- =
lﬂelemnce
ti =
avaainny
E:2PM.-6 PM.
weather
appearance
nure
soctl
performance location
alcohol
cost ity

health

avaiiabitty

G:10 PM. -2 AM.

JMed Internet Res 2013 | val. 15 | iss. 6 [e125 | p.164
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 7. Study-generated and participant-provided hash tags over a 24-hour time period. Study-generated and participant-provided data collected
were transformed into a co-occurrence matrix and then applied to a visually representative map. Common co-occurrence hashtags placed in a country
denoted by different colors on the map. Frequency of hashtags is also shown with centrally located countries contributing to higher frequencies and

peripheral countries contributing to lower frequencies of hashtags.
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Figure 8. Study-generated and participant-provided hash tags over a 24-hour time period. Heat maps showing frequencies throughout a 24-hour time
period are shown for study-generated and participant-provided data. Higher frequencies are displayed with a darker blue hue, whereas progressively
lower frequencies are lighter in blue. White coloration refersto little to no frequency activity.
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Discussion

Principal Findings

Thisstudy demonstratesthat Twitter isafeasible and acceptable
method for capturing real-time dietary intake and behavior, and
that the resulting data can be used to visualize relationships
between food consumption and reasons for engaging in these
behaviors. This approach represents a novel method for
collecting and characterizing dietary and behavioral data. In
addition, this study demonstrates the capacity to visualize dietary
behaviors using maps as well as adding valuable contextual
dimensions, such astime of day and location. Identification of
patterns of behavior and relationships between behaviors and
time are important factors in understanding and creating
strategies to influence established patterns of behavior, such as
diet.

Inthefuture, additional parameters could be integrated into heat
maps to further enhance the visualizations, eg, phenotype,
genotype, or sociodemographic data. Further illustrating the
defining characteristics of a population will increase
understanding of relationships between nutrition and health and
disease states.

Our approach has utility for health interventions. Using these
data collection and visualization techniques, data from
individuals could be co-located on a map with others, leading
to identification of common characteristics. As an example,
tweets from a specified body mass index (BMI), such as those
with a BMI greater than 25 could be color-coded and then
compared to thosewithaBMI lessthan 25. Anindividual could
see where their tweets appear on the map, the foods and
behaviors associated with this location, and how they compare
to otherswith similar or different characteristics. This could be
a powerful tool for self-redlization, identifying like-minded
individuals to provide socia or group support, or finding
dissimilar groups who represent a goal likeness and exhibit
specific behaviors around which goal setting could occur.
Inclusion of additional parameters could also inform thedesign
of tailored messages sent to the participant as part of specific
interventions targeting at-risk individuals or groups [23,24].

The novel use of Twitter and subsequent data visualization can
provide individuals and groups with what consumers of health
information have come to expect from mobile health software
and health information delivery—immediate, personalized, and
participatory information. Twitter was chosen, in part, because
it allows tweets from third-party applications (eg, from arange
of mobile phone platforms) to be accepted and displayed. The
personalized nature of our platform has the capacity to deliver
specific and tailored interventions to individuals based on a
number of complex and interrel ated characteristics. The Twitter
format allows for easy 2-way communication, facilitating
informal interactions between individuals (eg, clinician-patient
or participant-participant). The significant amounts of real-time
data collected through this system could also be used to design
disease prevention interventions based on predictive algorithms.
The existing socia media infrastructure provided by Twitter
could also be capitalized upon if and when more social and
group interactions areincorporated into the process. The use of

http://www.jmir.org/2013/6/e125/
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onlinesocia forumsfor disease prevention and health promotion
activities has demonstrated utility in supporting health behavior
change[25]. However, creating an appropriate environment for
health behavior change through Twitter must be considered.
Research suggests that as a delivery platform, the success of
Twitter as a health behavior tool may be enhanced with the
inclusion of tailored messaging that directly targets the
individual [26,27]. We are currently incorporating this facet
into our iPhone application.

A secondary objective of this study was to evaluate the
acceptability of thismethod to collect dietary data. Participants
indicated they would like to see their own data presented in a
graph or similar format. Participants also wanted the ahility to
track their intake and reasons for eating over alonger duration
to discern trends. Many usersindicated that the most problematic
part of the overall experience was remembering to use the
study-provided list of hashtags. In this study, misspellings
accounted for a small but important percentage of hashtags.
This challenge has already been resolved through afeature on
our iPhone application that provides participants with alist to
choose from, thus eliminating need for manual entry of data.

Limitations

A technica limitation of our study was fragmentation in
canonical maps (wherein countries of a similar color were
scattered acrossthe map instead of grouped together asasolitary
country). This was a software limitation caused by our limited
sample size (severa thousand rather than several million
observations, which the GMap software is capable of), and can
be resolved with alarger number of observations.

Another potential limitation was the possibility that our
participants had previous experience (and comfort) using
Twitter. College-age individuals use Twitter more frequently
than the general public (25% vs 8% inthe US population). [13].
However, 25% is still relatively low; therefore, training was
provided to al participants prior to data collection to insure
everyone was equally capable and comfortable collecting and
posting information using Twitter.

To increase usability, we have built our own custom iOS
application to simplify the reporting process. Using our
application, an individual has only to click once to input the
appropriate hashtag. We plan to test the application to establish
the evidence necessary to optimize design and demonstrate
generalizability. As smartphone ownership and social media
use is projected to continue to increase, we do not anticipate
that participants outside college age will have major challenges
using our application or approach. However, additional studies
are needed to verify this.

Conclusions

Our findings suggest that the use of Twitter combined with a
novel method of data visualization can provide a tool for
identifying patterns in and relationships between food and
reasons for eating, as well as additional parameters of interest
(eg, temporal trends). Future research will establish the efficacy
of this method in diverse populations, building the evidence
base for mobile-inspired approaches to diet- and health-related
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behavior change for preventing obesity and optimizing population health.
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Abstract

Background: Our health care system faces mgjor threats as the number of people with multiple chronic conditions rises
dramatically.

Objective: To study the use of Online Health Communities (OHCs) as a tool to facilitate high-quality and affordable health
care for future generations.

Methods: OHCsare Internet-based platformsthat unite either agroup of patients, agroup of professionals, or a mixture of both.
Members interact using modern communication technologies such as blogs, chats, forums, and wikis. We illustrate the use of
OHCsfor ParkinsonNet, a professional network for Parkinson disease whose parti cipants—both patients and professionals—use
various types of OHCsto deliver patient-centered care.

Results: We discuss several potential applicationsin clinical practice. First, due to rapid advancesin medical knowledge, many
health professionals lack sufficient expertise to address the complex health care needs of chronic patients. OHCs can be used to
share experiences, exchange knowledge, and increase disease-specific expertise. Second, current health care delivery isfragmented,
as many patients acquire relationships with multiple professionals and institutions. OHCs can bridge geographical distances and
enable interdisciplinary collaboration across institutions and traditional echelons. Third, chronic patients lack adeguate tools to
self-manage their disease. OHCs can be used to actively engage and empower patients in their health care process and to tailor
careto their individual needs. Personal health communities of individual patients offer unique opportunities to store all medical
information in one central place, while alowing transparent communication across all members of each patient’s health care
team.

Conclusions: OHCs are a powerful tool to address some of the challenges chronic care faces today. OHCs help to facilitate
communication among professionals and patients and support coordination of care across traditional echelons, which does not
happen spontaneously in busy practice.

(J Med Internet Res 2013;15(6):€115) doi:10.2196/jmir.2476
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Introduction

Background

Our health care system faces major threats. Western societies
age rapidly, and as a consequence, the prevalence of people
with multiple chronic conditions rises dramatically [1].
Moreover, the number of patients with complex health care
needs outpaces the number of professionals with sufficient
knowledge and skills to adequately care for these people [2].
Finaly, hedlth care threatens to become unaffordable due to
overtreatment and costly medical advancements [3,4]. To
guarantee quality and affordable hedth care for future
generations, innovationsare needed [5]. In this paper, we discuss
the use of Online Health Communities (OHCs) as a tool to
address some of the above challenges. We illustrate the use of
OHCsfor ParkinsonNet, a professional network for Parkinson
discase (PD), whose participants—both patients and
professionals—use various types of OHCs to deliver
patient-centered care [6,7].

ParkinsonNet consists of regional allied health networksfor PD
in the catchment areas of Dutch hospitals. Within each network,
a selected number of expert therapists are trained according to
evidence-based guidelines. Neurologists are stimulated to refer
PD patients to these skilled professionals. Additionally, the
concept has nationwide coverage in the Netherlands with 66
regional networks and 2400 physicians, nurses, physical
therapists, occupationd therapists, speech-language pathol ogists,
and dieticiansinvolved. ParkinsonNet was devel oped to improve
the quality of PD care delivered by alied health professionals.
The implementation of ParkinsonNet has shown a profound
reduction in health care utilization and costs [6]. Participants
increased their PD-specific knowledge, improved the adherence
to guideline recommendations, and treated a higher volume of
patients per year [7].

Online Health Communities

Patforms using social media technologies, such as Wikipedia,
Facebook, Linkedin, YouTube, and Twitter, have become
extremely popular among millions of people worldwide. These
tools have brought new possibilities for co-creation and
communication between individualswith minimal time and cost
restrictions [8]. It seems logical to apply elements of this

Textbox 1. Social media applications within an online health community.
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revolution to health care. As such, socia network technologies
provide an Internet-based platform for communication about
health and disease, for sharing care experiences, and to increase
medical knowledge [9,10]. By echoing Web 2.0 principlesinto
health care, we could help patients become active participants
in their own care and more engaged partners for health
professionals[11]. Moreover, Internet-based contacts are away
to expand the possibilities for communication outside the few
scheduled face-to-face hospital consultations [12].

One specific example are OHCs, which consist of an
Internet-based platform that unites groups of individuals with
ashared goal or similar interest regardless of their whereabouts
[13]. Such a group could include patients with a particular
condition (eg, patients with diabetes mellitus type I1), a group
of professionals with a shared medica interest (eg,
diabetol ogists), or amixture of both patients and professionals.
Members might know each other from the“real” physical world,
but the strength of OHCs istheir potential to connect members
who would otherwise never have met because of geographical
distances. Within OHCs, membersinteract easily using modern
communication technol ogies such as blogs, chats, forums, and
wikis (Textbox 1, an illustrative example is PatientsLikeMe,
an online platform for patients with life-changing conditions
who sharetheir experiencesand medical datawith other patients
matched for clinical conditionsand geographical characteristics.
This platform provides generic solutions to acquire medical
information and peer support for different patient groups [14].
PatientsLikeMe is currently being used by PD patients who
quantify and self-report their disease symptoms on a regular
basis. These data provide health professional s with new insight
into variations in symptom severity and understanding about
the disease progression in PD [15].

Platforms using OHC principles are utilized by patients from
various ages. Moreover, the Health and Welfare Information
Portal (ZWIP) combines an electronic health record with a
communication tool aiming to improve care for frail, older
people. ZWIP potentially enhances patient involvement,
coordination of care and collaboration among professionals
[16]. Furthermore, OHCs are utilized in Dutch fertility care.
Young couples gain access to their medical records containing
general and personal information and communication toolswith
peers and their local health care team [17].

or personal care experiences).

Chat: achat is areal-time conversation with other community members.

Blog: ablog is a series of messages published in reverse chronological order written by one of the community members (eg, scientific developments

Forum: aforum is used for asynchronous communication with other community members (eg, patients can put questions to professionals or peers).
Library: where documents are shared with all community members (eg, information pamphlets, newsletters, scientific articles, and guidelines).

Wiki: an application within acommunity where all members are allowed to adapt a certain document (eg, an address list or information pamphlet).

Open and Closed Communities

OHCscan beclassified into open and closed communities based
on the accessihility of the community content. The content of
open OHCs can be accessed by anyone, all membersare alowed
to contributeto its content, and all information that is generated

http://www.jmir.org/2013/6/e115/

is openly accessible to anyone. Within a closed OHC, the
content is visible to community members only. Members are
allowed to make an active contribution after a community
manager, that is, an individual who leads the community, has
granted them access. The platform described in this paper is
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utilized by several patient groups in the field of PD,
dermatology, stroke, MS, rheumatoid arthritis, fertility and
cancer care [18].

Open Parkinson Communities

The Parkinson community isan open community for all people
interested in PD. Members are PD patients, caregivers, and
health professionals. Table 1 shows the different social media
applications used within this community. Patients use the
community forum for online peer support and discussionswith
health professionals. Often, fellow patients provide useful
answers, which may alleviate the pressure on hedth
professionals. In an open community for breast cancer patients,
incorrect answers were rapidly corrected by other members
[19]. A striking feature is the wiki, which, with the help of
several community members, is developing into a national
encyclopediafor PD.

Closed Parkinson Communities

The ParkinsonNet community is used to facilitate
communication and collaboration between health professionals
involved in the treatment of PD patients and is accessible to
ParkinsonNet professionalsonly (Figure 1). After verifying the
ParkinsonNet membership, the community manager grants
access. The community forum has been divided into separate
discussions for physical, speech, and occupational therapists,
and for interdisciplinary consultation. Other applicationsinclude
the community blog, where members are informed about
ongoing education and guidelines; the wiki, containing an
up-to-date address list of all ParkinsonNet professionals; and
the community library, used for sharing presentations of
multidisciplinary team meetings.

Another example is the closed community of an outpatient
Parkinson clinic, which is accessible only to patients visiting
the clinic and to health professionalswho work there (Table 1).
A distinctive feature of this community is the combination of
online patient-provider and peer-to-peer communication
integrated into one and the same community with both patients
and health professionals from the same clinic involved. In our
Parkinson center, we run such an OHC as a service to both our
patients and the members of our multidisciplinary health care
team. Accessisrestricted and controlled—to become amember,
patients must first send a formal membership request. After
verifying the patient identification number, the community
manager grants access.

The community blog contains information about the treatment
facilitiesthat are available at our center. Within the community
forum, patients are provided with facilities for communication
with fellow patients and the health care team. Future patients
benefit from previous discussions, which remain visible unless
patients wish this to be removed. This OHC does not offer

http://www.jmir.org/2013/6/e115/
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individually tailored information because the exchange of
information is not private and can be seen by all members. This
community type has proved to fill the gap between patients
needs and the support our clinic can offer [18].

Some of our patients are both members of the closed outpatient
Parkinson clinic and the open Parkinson community. These
patients have the opportunity to ask questions on both forums.
Itemsin the outpatient clinic are morelikely toinvolve questions
to our medical team and facts, for example, treatment options
in our clinic, whereas the open national forumismorelikely to
contain peer contact, care experiences, and opinions.

Personal Health Communities for Parkinson Disease

A Personal Health Community (PHC) is a private community
governed by individual PD patients. Apart from the patient,
participantsinclude one or more (ideally all) health professionas
involved in the care process, and the immediate caregiver. The
patient is the owner of the community and decides who is
granted access to the community. The immediate caregiver can
act as community manager if the patient is unwilling or unable
to do so. Once gathered, the patient and the health care team
exchange information and communicate about individual health
problems. Like an electronic patient record, PHCs offer the
opportunity to store all medical information in one central place,
while allowing transparent communication across members of
the health care team. Hereby, the patient is in the lead as an
active and equal partner who contributes to his own health.

PHCs differ from other OHCs in two ways. First, PHC
functionalities are customized and used in adifferent way. The
blogging feature is used as a diary to inform other members
about, eg, side effects of anti-Parkinson medication, the forum
for online consultation of health professionals, the library to
store medical information, and the wiki as a specific medical
document, like a medication scheme or treatment overview. A
second difference is “two-way authentication”, which adds an
extra layer of security to the PHC. Patients have to enter their
username, password, and a security code sent to their mobile
phone.

ActiveUsers

The following definition of active user is applied on our
platform: “The total number of users who performed at least
one activity for agiven day. Activitiesinclude: blog posts, blog
comments, forum posts, forum replies, library uploads, library
downloads, new wiki pages, wiki revisions, wiki comments,
joining a group, subscribing to content or rating a post” [20].
Table 1 shows that over a 12-month period, 54% of the
Parkinson and ParkinsonNet community members generated
new content or posted a comment. Other participants may have
visited the community, albeit without an active contribution.
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Figure 1. Schematic overview of the closed ParkinsonNet community.

van der Eijk et d

https://www.mijnzorgnet.nl/iwelcome.aspx

| MName | Inbosx |Sett|nga| Log off | Help |

National ParkinsonNet community
This community is meant for all professionals affiliated with the ParkinsonNet network

Info Activities Blog Forum Chat Library WIKI Members Weblinks to:
ParkinsonNet
Parkinson’s
Info about disease patient
community Seminar H i
dates organization
Last General
activities in forum Addresses
community -
thorapit Sacomeas
foru’?"n Education member/
end
Guidelines membership
Leaflets

Tag cloud

http://www.jmir.org/2013/6/e115/

JMed Internet Res 2013 | vol. 15 | iss. 6 |e115 | p.173

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Social media applications and members of the Parkinson communities.

van der Eijk et d

Parkinson community

ParkinsonNet community

Outpatient Parkinson clinic

Personal health community

Community Open Closed

type

Info A national community for peo- Transmura community for
pleinterestedin PD for peer-to-  ParkinsonNet expert therapists
peer contact and patient-profes-  for online professional interac-
sional interaction tion

Members PD patients, caregivers and ParkinsonNet hedlth profession-
health professionals as
1190 (Dec. 31, 2012) 1224
(Jan. 31, 2013)

Active users 2012: 646 (54%) Recent 2012: 737 (54%) Recent
month® 83 (7%) month: 182 (13%)

Page views 2012: 241,093 Recent month:  2012: 76,452 Recent month:
24,671 7568

Blog Information from physicians  Information from ParkinsonNet
and therapists on new trids, professional's about confer-
etiology, diagnosis and PD ences, team meetings, new PD
treatment options guidelines

Forum Discussionsbetween communi-  Discussions about allied health
ty members about medication, therapy, food and diet and
symptoms and peer support medication

Library Documents on alied health Centralized up-to- dateinforma-
disciplines, driving abilities, tion: newsletters, presentations,
medication and side effects, PD  scientific papers, PD guide-
guidelinesand scientific papers  lines, clinimetrics, courses

Chat No chat available Real time conversation at as-

sgned times between Parkinson-
Net professionals
Wiki A national encyclopediafor PD  Addresslist of al ParkinsonNet

ondiagnosis, symptoms, medi-
cation, on/off fluctuations,
multidisciplinary collaboration,
etiology and disease progres-
sion

professionals, a ParkinsonNet
calendar with, eg, regiona
ParkinsonNet meetings, confer-
ences and symposia

Closed

Intramural community of an
outpatient Parkinson clinic.
Supplementary service to the
existing face-to-face care rela-
tionship

The multidisciplinary health
careteam and PD patientsvisit-
ing the Parkinson clinic

2012: 56 (88%)

2012: 8376 Recent month:
1098

Information on medication,
non-motor symptoms, research
in our clinic, announcement of
maternity leaf local PD nurse
specialist

Peer-to-peer contact between
PD patientsin afamiliar setting
and questionsto thelocal health
care team

Information on treatment facili-
ties provided by our clinic and
regional peer contact

No chat available

No wiki available

Closed

A private electronic patient
record of individual patientsto
allow personalized medicine

One PD patient, his caregiver
and health professionasin-
volved (eg physical therapist,
neurologists, PCP)

147 patients 78 professionals
(Jan. 31, 2013)

Data not available due to tech-
nical and privacy issues

Data not available due to tech-
nical and privacy issues

PD patients diary about eg
on/off fluctuations, wearing off
of, side effectsand daily experi-
ences

Consultation between a patient
and his professional care team
about, eg, side effects

Individually tailored informa-
tion, eg, physical exercises,
medication schemes or adiary

No chat available

Eg, medication or treatment
overview

8Recent month means January 2013.

Methods

Implementation Strategy

Implementation of OHCs in clinical practice takes a collective
effort of all hedth professionals involved. However, the
community manager playsavita role during theimplementation
and maintenance of all OHCs. The community manager of an
outpatient Parkinson clinicisusually alocal PD nurse specialist.
PD nurse specidlists are key practitioners when it comesto the
coordination of care, patient education, and emotional support
[21]. However, the community manager appointed in our clinic
is a marketing and communication expert. The community
manager distributes posters, information pamphlets, and
“business cards’ to patients and health professionals. The
information pamphlet, which is available in every doctor’'s

http://www.jmir.org/2013/6/e115/

RenderX

office, contains information about the aim of the community,
login procedures, and social mediaapplicationswithin the OHC.
Other tasks of the community manager include management
and maintenance of the community members database,
generation of content, motivation of health professionals and
patients to participate, and monitoring of the expert forum.
Recently, thefirst 10 PD patientsreceived training on navigation
through the online outpatient clinic.

The community manager of the ParkinsonNet community is a
marketing and communication expert as well. She visited all
66 regional ParkinsonNet networks to educate health
professionals about OHCs. ParkinsonNet professiona sare urged
to enroll in the ParkinsonNet community as part of their
membership. Currently, the ParkinsonNet community is the
main source of information for the professionalsin the network.
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Someinformation about new guidelines and state-of-art courses
can be found only within this community.

In 2011, weintroduced the Personal Health Community (PHC)
in four Parkinson clinics in the Netherlands. During regular
home visits, patients learn to navigate through and utilize the
PHC by alocal PD nurse specialist. ParkinsonNet organizes
workshops to engage patients and health professionals in the
pilot regions. Additionally, an information pamphlet, poster and
a video to promote the PHC were introduced. Roughly,
implementation of PHCs includes three phases: a pilot phase
concerning patients and professionalsfrom the Parkinson clinic
only, asecond phaseinwhich primary care providersareinvited,
and athird phase in which new clinics are included. Our first
experiences show that PHCsfacilitate emotional support, health
care accessihility, and improve relationships between
professionals and patients.

Results

The Added Value of OHCsin Chronic Care

Based on our first experiencesin PD care and the international
literature, OHCs have four major advantages to improve the
quality of chronic care. These include facilitation for the
exchange of medical experience and knowledge, enhancing
interdisciplinary collaboration acrossinstitutions and traditional
echelons, providing a platform to support self-management,
and the ability to improve patient-centered care.

OHCsFacilitate the Exchange of Medical Experience
and Knowledge

Due to rapid advances in medical knowledge, many health
professionals lack specific expertise and experience to address
the complex health care needs of chronic patients [1,2].
Therefore, health care is increasingly organized within
specialized networks, like ParkinsonNet [22,23]. Professional
networks enhance information exchange, facilitate
communication among participants and foster the adoption of
new knowledge, such as revised gquidelines [24,25].
Traditionally, these network processes occur largely offline
during physical encounters, such as medica conferences.
However, with the advent of modern communication
technologies, professional networks can now be supported
online. Within OHCs, professionals connect and communicate
more easily, regardless of their working place within the
network, and regardless of time. Moreover, OHCs can be used
to develop disease-specific expertise among all community
members, patients, and professionals, interested in a particular
chronic condition [26].

OHCsEnhancelnterdisciplinary Collaboration Across
Institutions and Traditional Echelons

Health care delivery can become fragmented for chronic patients
when they acquire rel ationships with multiple professionalsand
institutions. Increasingly, chronic care has evolved from
individual consultations into multidisciplinary teamwork with
care given by various physicians and therapists, who often work
in different departments or organizations [27]. To manage
complex patients with multiple co-morbidities, health
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professionals must collaborate to make coordinated decisions
and share responsibilities in health outcomes [28]. Yet, the
collaboration and coordination of care should be improved
considerably [29]. Given their synchronous and asynchronous
communication capacity, OHCs offer a platform for supporting
medical decision-making and interdisciplinary collaboration
across professionals caring for complex patients [26,30,31].
OHCs enable communication between community members
who are not able to have face-to-face interaction at any point
in time. Moreover, OHCs bridge geographical distances and
enable interaction across institutions and traditional echelons.
An exampleisthe Canadian Virtual Hospice, with information
and support on palliative and end-of-life care [32]. Patients,
close family members, and caregivers interact in several
peer-to-peer discussion forumsor private messageswith ateam
of palliative care experts. Normally, these interactions would
not have been possible due to physical limitations and
geographical distances.

OHCsProvideaPlatform to Support Self-M anagement

Typicaly, patients have a passive role and lack the tools to
self-manage their condition [33]. However, modern patients
search the Internet for medical information, wish to have open
communication channels with their physicians, and prefer to
participatein making treatment decisions[34]. Self-management
refersto the effortsto enhance patient participation and assisting
patients to gain control over their lives [35]. The concept is
associated with improved communi cation between patientsand
clinicians, and it enhances quality of life [36]. Supporting
patientswith chronic diseaseslike type 2 diabetes, arthritis, and
asthma to self-manage their condition helps to improve the
quality and safety of care and reduces costly and inappropriate
use of health care resources [37,38]. Increasingly, the Internet
isused to support self-management and actively engage patients
in treatment decisions [39]. Chronic patients using online
communication tools become more knowledgeable, feel better
socially supported and empowered, and have improved
behavioral and clinical outcomes compared to nonusers[40,41].
Examplesthat include OHC principles are patient participation
inonline peer support groups and accessto PHCs[15,42]. PHCs
allow patients to have access to medical records, control their
own online information, and enable individualized health
communication [43].

OHCsHavethe Ability to Improve Patient-Centered
Care

Patient-centeredness is defined as “providing care that is
responsive to individual patient preferences, needs, and val ues,
and ensuring that patient values guide all clinical decisions’
[44]. Contrary to some perceptions, patient-centerednessis not
just about being nice to patients, but engaging them to become
active participants in their care [45]. The concept is known for
its advantages in terms of reduced health care utilization and
improved efficiency, patient-doctor communication, treatment
compliance, and health outcomes [46-48]. OHCs enhance
patient-centered care by improved access to personalized
information, emotional support, and patient participation
[15-42,49]. PHCs are essentially patient-centered, while they
engage patients in their care process and tailor care to their
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individual needs. Professionals have the opportunity to benefit
from patient peer-to-peer conversationsthat take placein OHCs
by knowing that they have more effectively addressed their
patients’ needs[50]. Blog and forum items often invol ve aspects
of patient-centered care, such as information and emotional
support needs, patients' willingness to participate in treatment
decisions, or an experienced lack of continuity of care.

Discussion

Barriersfor Implementation in Clinical Practice

Why do only afew innovations become part of routine practice
and why do most fail to survive beyond the pilot phase? To
answer this question, full understanding of the clinical and
technological barriers and incentives for achieving behavior
change in practice is needed [51,52]. The following barriersto
Internet technologies may be at play.

Firgt, the implementation of Internet innovations can radically
affect hedth care delivery and professionals daily work
processes, requiring considerable time and willingnessto learn
[53]. Doctors may be hesitant to adopt technologies that imply
an interruption of their traditional practice patterns. The
requirement of additional time is a prominent barrier to
physician technology acceptance [54].

Second, the implementation of OHCs into clinical practice
demandsaparadigm shift in control and power, out of the hands
of those who deliver care, into the hands of those who receive
it [13]. Professionals should no longer regard patients as passive
objects, but rather asequal, participatory partnerswho contribute
to their own health. Thus, OHCsrequire achangein the mindset
of both professionals and patients. Not surprisingly, in the age
of Facebook, young clinicians may struggle to maintain
professional distance on one hand and have close, meaningful
relationships with their patients on the other [55].

Third, besides behavioral change, safety and financial issues
haveto be solved [56]. To ensure a safe and secure environment,
the Dutch government authorizes PD patients to apply their
personal verification code, normaly used to complete and
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submit atax return form to the tax authority, while using our
OHC platform. Health professiona sare all owed to access closed
communities only via their unique, electronic identity.
Additionally, for OHCsto becomeintegrated into everyday use,
new and viable business models are needed. To utilize OHCs
in daily practice is time consuming; however, they may also
substitute normal ways of care delivery. Generally, health care
is reimbursed by face-to-face interactions and offline medical
services. Bearing this in mind, we would like to introduce the
term “blended health”, analogous to blended learning, which
combines face-to-face contact with the possibilities of online
tools. Theintended result is a health care system not driven by
technology, but using technology as a tool to facilitate
patient-centered, collaborative care.

Moreand more, innovationsin health care are based on Internet
technologies and the willingness of PD patients to participate
in such interventionsis growing [57]. Generally, health related
Internet use is associated with age and level of education [58].
The European Union investigated the level of Internet access
within the 27 member states. Household I nternet access ranged
from 45% in Bulgariato 94% in the Netherlands[59]. Therefore,
Internet access is assumed to be a minor limitation in the
adoption of OHCs in the Netherlands.

Conclusions

OHCs are a powerful tool to address some of the challenges
chronic care faces today. A challenge now is to perform an
in-depth evaluation of our platform, which is simultaneously
being designed, developed, and deployed [60]. Further
eva uation should address user needs, risks, benefits, and cost
implications before OHCs can be fully adopted in daily practice
[61,62]. We expect that innovations like OHCs can help to
facilitate high-quality and affordable heath care for future
generations. Chronic care demands an integrated approach
tailored to the needs of individual patientsto optimize outcomes.
In the absence of aformal team structure, OHCs help to facilitate
communication among professionals and patients and support
coordination of care acrosstraditional echelons, which does not
happen spontaneously in a busy practice.
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Abstract

Background: Thereisunequal accessto health carein Australia, particularly for the one-third of the population living in remote
and rural areas. Video consultations delivered via the Internet present an opportunity to provide medical services to those who
are underserviced, but thisis not currently routine practice in Australia. There are advantages and shortcomings to using video
consultations for diagnosis, and general practitioners (GPs) have varying opinions regarding their efficacy.

Objective: The aim of this Internet-based study was to explore the attitudes of Australian GPs toward video consultation by
using arange of patient scenarios presenting different clinical problems.

Methods: Overall, 102 GPswereinvited to view 6 video vignettes featuring patients presenting with acute and chronic ill nesses.
For each vignette, they were asked to offer a differential diagnosis and to complete a survey based on the theory of planned
behavior documenting their views on the value of a video consultation.

Results: A total of 47 GPs participated in the study. The participants were younger than Australian GPs based on national data,
and more likely to beworking in alarger practice. Most participants (72%-100%) agreed on the differential diagnosisin all video
scenarios. Approximately one-third of the study participants were positive about video consultations, one-third were ambivalent,
and one-third were against them. In all, 91% opposed conducting a video consultation for the patient with symptoms of an acute
myocardial infarction. Inability to examine the patient was most frequently cited as the reason for not conducting a video
consultation. Australian GPswho were favorably inclined toward video consultationswere more likely towork in larger practices,
and were more established GPs, especially inrural areas. The survey results also suggest that the deployment of video technology
will need to focus on follow-up consultations.

Conclusions: Patients with minor self-limiting illnesses and those with medical emergencies are unlikely to be offered access
to aGP by video. The process of establishing video consultations as routine practice will need to be endorsed by senior members
of the profession and funding organizations. Video consultation techniques will also need to be taught in medical schools.

(J Med Internet Res 2013;15(6):€117) doi:10.2196/jmir.2638

KEYWORDS
videoconferencing; general practice; patient appointments; health care

: medical appointments and to the shortage of medical manpower
Introduction in rural aaF;pd remote areas [1,2]. Inagther sectors, accg$ to
Austraia is a geographlcally dlspersed Country in which services has been faCl'ltated by information technology FOI’
one-third of the population livesin rural and remote locations.  €<@mPple, there s growing evidence for the role of information
Inequity in health care is thought to be linked to the cost of
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technology to improve the customer experiencein theretail and
finance industries [3,4].

In theory, access to doctors can also be efficiently facilitated
by online video technology [5]. However, video technology
requires both practitioners and patients to be willing to consult
via the Internet. To date, the deployment of online video
technology in Australian primary care is not routine practice.
The practiceislimited to government-subsidized consultations
involving specialist practitioners or to small numbers of
privately funded schemes [6,7].

People who consult doctors in general practice are
heterogeneous|[8]. Thereasonsfor seeking medical advicerange
from self-limiting conditions of recent onset to chronic and
life-limiting problems[8]. The symptoms or problems presented
may warrant information, education, reassurance, explanation,
examination, prescription, referral, and/or investigations. The
consultation provides an opportunity to address the patient’s
current problems, and aso to consider and potentially prevent
future problems[9].

In a face-to-face consultation, the doctor can use all 5 senses;
however, in an Internet-based video consultation access to
sensory information is limited, and the information that is
available may be hampered by download speeds and/or the
performance of computer hardware. Furthermore, there is no
scope to intervene in person if the patient requires immediate
resuscitation. Many of these limitations also apply to telephone
consultations; yet, in parts of the world telephone consultations
in primary care are considered routine and time saving [10,11].

Figure 1. Video consultation vignette.

Jwa& Meng

This Internet-based pilot study aimed to explore Australian
genera practitioners’ attitudesto video consultation with arange
of patients who may not be known to them previously. The
survey tool used in this study was based on the theory of planned
behavior (TPB) [12].

Methods

This study was approved by the Curtin Human Research Ethics
Committee (No: RD-61-12).

Participants were recruited from members of the Curtin Health
Innovation Research Network (CHIReN), a virtual network of
genera practitioners (GPs) across Australia who have already
consented to beinvited to participatein studieswith standardized
patients. The study took place over approximately 12 weeks.
Each participant was remunerated AUS $50 as recompense for
his/her time to participate in the study.

Participants answered questions after viewing video-recorded
monologs by actor-patients. Video scenarios were produced
and validated by ateam of 6 GPs. Six videos were produced,
each featuring an actor-patient presenting a range of clinical
problems. Information on medical history, family history, and
drug history were offered at the outset of each video. Therange
of scenariosis consistent with those reported in the GP activity
reports[8,13]. Scenarios are described in Table 1. A screenshot
from 1 of the videosis shown in Figure 1. The vignettesranged
from a self-limiting minor illness to a life-threatening medical
emergency. Participating GPs provided their demographic details
and answered questions about their impressions (see Table 2).
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Table 1. Scenarios presented to participants in videos.
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Videovignette Peatient information

Description of condition

1 Patient: Fay Connolly. Occupation: dental nurse. Age: 49.
Nonsmoker. Alcohol: 2 units per week at most

2 Peatient: Lucy Jones. Occupation: unemployed. Age: 51.
Smoker: 30/day. Alcohol: 6 units per week (asrecorded in 2008)

3 Patient: Adrian Marshall. Occupation: store room supervisor.
Age: 49

4 Patient: Nellie O’ Reilly. Occupation: receptionist. Age: 59.
Nonsmoker. Nondrinker

5 Patient: Richard Cunningham. Occupation: Truck driver. Age:
48. Smoker: 20/day

6 Patient: Mary Smith. Occupation: librarian. Age: 60. Nonsmoker

History: Anxiety and depression for 3 months. Has refused antide-
pressants in the past, now struggling to cope. Having recurrent
panic attacks, can’t sleep at night. No energy, loss of libido, can't
concentrate for any length of time. Tearful. Wants help. Not sure
can keep going to work anymore. Last consultation June 2011: Bit
anxious and depressed, referred to counsel or-did not attend appoint-
ments. Husband is very worried

History: Abnormal liver function tests-drinking half bottle of vodka
every day. Started drinking after divorce 4 years ago, afew glasses
of wine 3-4 times aweek, now drinking steadily every day. Was
stopped by police 1 week ago and facing court appearancefor driving
while intoxicated. Son is at university and now refusing to visit his
mum. Was found sleeping in her own vomit in the bathroom 1 week
ago. Spending most of her money on alcohol, rent hasn’t been paid
for 2 months. Feels depressed most of the time. Not eating well,
tired all the time. Last consultation June 2010: upper respiratory
tract infection

History: Recurrent bouts of crushing chest pain. Started at 3 am this
morning and now has been present for severa hours. Nothing seems
to help. Has vomited several times; feeling a bit breathless. Painis
worse when moving about, but now severe even when sitting quietly.
Feeling a bit dizzy. Been swesting a bit. Feeling very worried. Past
history: hypertension on Ace inhibitor since 2006. Last blood pres-
sure recorded 6 months ago: 155/96 mmHg. Smoker 20/day. Wife
isvery worried. Seen on video with arm around patient

History: Recurrent bouts of central abdominal pain for 2 months,
has had 6 attacks so far. No specific pattern to the symptoms, can
occur at any time, pain ismainly on the right-hand side and can last
2 hours. Occasionally vomits during an attack. Left with dull ache
after each episode. Sometimes feelslike sheiswearing atight band
around her upper abdomen and some aching of right shoulder. Last
attack was 2 daysago in the middle of the night. Son offered to drive
her to hospital but by the time he arrived at her house the pain was
gone. Worried it might be something serious. Last consultation
September 2011: upper respiratory tract infection. Advised over the
counter analgesia and fluids

History: Diabetes mellitus on biguanide for 6 months. Blood pres-
sure: 156/80 mmHg (3 weeks ago), previousreadings: 150/85 mmHg
(3 months ago). Diet: poor. Body mass index: 30 Cholesterol: 6.7
mmol/L, LDL: 2.5 mmol/L. HbA1C: 7.5 mmol/L. Needs repeat
medication: Biguanide and calcium channel blocker. Last consulta-
tion November 2011: attended for driving license medical

History: Cough and sore throat for 3 days. Doesn’t feel unwell oth-
erwise, but can’t manage at work because she needsto use her voice.
Cough keeping her awake at night. Current medication: Aceinhibitor
for hypertension for the past 2 years. No alergies. Wants an antibi-
otic-always seemsto help. Last consult August 2011: upper respira-
tory tract infection. Prescribed: antibiotic
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Table 2. Questions for participants after each video.
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Domain Question Question type Optiong/range
1. What isyour differential diagnosis? Free-text comment
Intention
2. Would you continue with this consultation online? Choose 1 option Yes/no/maybe
3. How difficult was it for you to suggest adiagnosis  7-point scale Not at all difficult to very difficult
for this scenario?
Attitude
4. Managing a patient like thisonlineis: 7-point scale Harmful to beneficial
7-point scale Worthless to useful
7-point scale Not convenient (for me) to convenient (for me)
Subjective norm
5. Most patientsGPs/specialiststhink | consult ~ 7-point scale Should to should not
people like this online
6. Medicarethinks| ____consult peoplelikethisonline 7-point scale Should to should not
7. It is expected of methat | should consult patients ~ 7-point scale Strongly agree to strongly disagree
like this online
8. | feel under social pressure to consult patientslike  7-point scale Strongly agree to strongly disagree
thisonline
Perceived behavior control: self-efficacy
9. | am confident that | could consult patientslikethis 7-point scale Strongly agree to strongly disagree
onlineif | wanted to
10. For me to consult patients like this onlineis: 7-point scale Easy to difficult
Perceived behavior control: controllability
11. The decision to consult patients like thisonlineis  7-point scale Strongly agree to strongly disagree
beyond my control
12. Whether | consult onlineis entirely up to me 7-point scale Strongly agree to strongly disagree
Attitude

Theory of Planned Behavior

This theory postulates that a person’s behavior is determined
by his/her intention to perform the behavior. This intention is
determined by their attitude toward the specific behavior, their
subjective norms, and their perceived behavioral control. These
3 domains were explored in this study with reference to
scenarios depicting clinical challenges regularly presented to
GPs in Australia [13]. The items of the TPB, as measured in
this study, were as follows, and each is taken from a guide to
the development of such questionnaires[14].

I ntention

The respondentswere presented with avideo scenario and asked
whether they would continue with the video consultation. They
were also asked to suggest the level of difficulty of making a
diagnosison ascalefrom 1to 7, with 1 being not at all difficult
and 7 being extremely difficult. The higher the number, the
stronger the intention to perform the behavior. For diagnosis
difficulty, we calculated the mean of responses for each
participant (which may modify the relationship between
intention and actual behavior) or the mean for all participants
across each scenario (which may reflect differences between
scenarios).

http://www.jmir.org/2013/6/e117/

Direct measurement of attitude involved the use of bipolar
adjectives (ie, pairs of opposites), which are evaluative (eg,
good—bad). We calculated the mean of the item scores to give
an overall attitude score. The attitude items were also scored
for internal consistency (Cronbach a pha=.88).

Subjective Norms

Direct measurement involves the use of questions referring to
the opinions of important people in general. The subjective
norm items were scored for internal consistency (Cronbach
alpha=.87). We calculated the mean of the item scores to give
an overall subjective norm score.

Perceived Behavior Control

This was achieved by assessing the respondent’s self-efficacy
and their beliefs about the controllability of the behavior.
Self-efficacy was assessed by asking people to report how (1)
difficult it was to perform the behavior, and (2) confident they
werethat they could doit. Controllability was assessed by asking
peopl e to report whether (1) performing the behavior was up to
them, or (2) factors beyond their control determined their
behavior.
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Scoring

We checked that the subjective norm items had high internal
consistency (self-efficacy: Cronbach alpha=.84; controllability:
Cronbach alpha=.72). We cal cul ated the mean of theitem scores
of the 2 questions related to self-efficacy (questions 9 and 10
in Table 2), and the mean of the item scores of the
controllability-related questions (questions 11 and 12 in Table
2) to give mean scores for self-efficacy and controllability. The
mean scores of the 2 sdf-efficacy questions and the 2
controllability questions were also calcul ated to give an overall
perceived behaviora control score (Cronbach alpha=.58). Scores
for questions 9, 10, and 12 were reversed before calculation, so
that high scores consistently reflected a greater level of control
over the target behavior.

Analysis

We confirmed that all internal consistency coefficients were
acceptable (> 0.7); therefore, it was appropriate to include all
theitemsin the composite variables. Using amultiple regression
procedure, we entered intention as the dependent variable, and
the direct measures of attitude, subjective norm, and perceived

behavioral control (self-efficacy and controllability) as the
predictor variables.

Sample Size

A sample of 47 to 62 GPs would give us 80% power to reject
the null hypothesis; that is, 50% of GPswould proceed with the
consultation in most cases if the true proportion of GPs who
choose to proceed was 70%. Such proportions are consistent
with previous research [15].

Data Collection and Analysis

Multivariable logistic regression was used to determine if any
identifiable subgroups of GPs, according to demographic
criteria, showed significant differencesin their scores. P values
less than .05 were considered dtatistically significant. Stata
version 12.1 (StataCorp LP, College Station, TX, USA) was
used to perform the analysis. Multiple regression models were
adjusted for the lack of independence between individual
participants by estimating the clustered standard errors to
account for intragroup correlation (vce option in Stata).

Results

Forty-seven GPswere recruited from the 102 that CHIReN has
onfile, whichisaresponserate of 47%. One genera practitioner

http://www.jmir.org/2013/6/e117/
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omitted all demographic questions and was excluded from the
analysis, resulting in atotal sample of 46. The demography of
the sample is reported in Table 3, which also demonstrates a
few significant differences between the participants and the
known average profile of GPsin Australia.

The GPs offered a differential diagnosis for each video and the
level of difficulty in making adiagnosis for that scenario. Data
in Table 4 demonstrate that scenario 4 (patient with gall bladder
disease) wasthe most difficult to diagnose, closely followed by
scenario 2 (patient with alcoholism) and scenario 6 (patient with
an acute cough).

Table 5 summarizes the participant’s intention to continue with
the consultation. Respondentswereleast likely to continue with
the video consultation with the patient who appeared to be
having chest pain, and most likely to continue with the patient
seeking arepeat prescription for diabetes and hypertension.

Data relating to the TPB are presented in Table 6. A range of
views were expressed with further comments presented
subsequently. For the current study, the results show that GPS
self-efficacy and controllability toward online consultations are
not in the same direction. When cal culating the overall Cronbach
alphafor the behavior control score, the 2 controllability scores
are in the opposite direction (negative direction) of the 2
self-efficacy scores (positive direction). Therefore, we report
self-efficacy and controllability separately. Although the overall
behavior score was calculated and reported, it was not used in
the regression model as a predictor because of the interna
consistency of 4 items.

Therelative risk (RR) ratio of difficulty of diagnosis and TPB
scores associated with the GPs' intention to continue the
consultation within each scenario is presented in Table 7. The
ambivalent views and negative views are compared to positive
views in multinomial logistic regression. Table 8 presents the
results of regression analysis with intention to continue to
consult as the dependent variable and scenarios and GP
demographic factors as predictive variables. Resultsin thetable
are relative risks ratios for the groups who said that “maybe’
or they “will not” continue the consultation compared with those
who answered yes (RR=1). Results are derived from 1
multinomial logistic regression. Only significant variables, those
with P<.05, wereretained in the final model and reported. Table
9 presents the comments to each scenario as recorded by the
participants after each scenario.
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Table 3. Demography of participating general practitioners compared to nationally reported group data (where available).

Participants' details Participant numbers National group
n=46
Age (years), mean (SD) 42 (11) 50.5%
Gender (male), n (%) 26 (57) 56%°
Qualifications and experience
Years since graduation, mean (SD) 18 (11) No data
Years working as GP, mean (SD) 13(12) No data
Number of GPsin the clinic, mean (SD) 74 =7 (29%)b
GP sessions/week, mean (SD) 7(3) No data
GP registrar/GP in training (yes), n (%) 8(17) 1000 (3.8%)°¢
FRACGP (yes), n (%) 29 (63) 549%6°
Accredited (yes), n (%) 45 (98) 91%P
Position, n (%)
Principal 9 (20) No data
Nonprincipal 30 (65) No data
Other 7 (15) No data

State, n (%)

New South Wales 5(11) 31.6%4
Queendand 4(9) 17.7%¢
Victoria 12 (26) 26.29%"
South Australia 2(4) 9.2%°
Tasmania 1(2) 2.4
Western Australia 21 (46) 10%¢
Australian Capital Territory 1(2 1.8%¢

Region of the clinic, n (%)

Capital 21 (46) No data
Other metropolitan 18 (39) No data
Largerura 2(4) No data
Small rura 3() No data
Remote center 2(4) No data

Practice details, n (%)

Major cities 32 (70) 71%

Inner regional 6 (13) No data
Outer regiona 3(6) No data
Remote 5(11) No data

Country where graduated university, n (%)
Non-Australia 14 (30)
Australia 32 (70) 67%

Patients seen/week, n (%)

<100 20 (43) No data
100-149 17 (37) No data
http://www.jmir.org/2013/6/e117/ JMed Internet Res 2013 | vol. 15 | iss. 6 [e117 | p.185
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Participants’ details Participant numbers National group
n=46
150-199 9 (20) No data

Direct patient care hours/week (hours), n (%)

<11 4(9)

11-20 5(11) 119%°
21-40 30 (65) 56%°
41-60 7 (15) 33%°

Non-English consultations, n (%)

No 35 (76)
Yes, less than 25% 10 (22)
Yes, more than 50% 1(2 24%P°
q16]
’[13]
q17]
‘18]

Table 4. Diagnosisand rating for each video (N=46).

Video  Most common diagnosis Number of differential diagnosis Level of difficulty in making adiagnosis
(scalelto?)
Diagnosis % Mean (SD) Median (IQR) Mean (SD) Median(IQR)

1 Anxiety and depression 717 25(1.2) 20(1) 22(1.3) 20(2)

2 Alcoholism 95.7 3.0(14) 3.0(2) 3.3(1.9) 3.0(3)

3 Myocardial infarction 82.6 26(1.7) 2.0(3) 16(1.1) 1.0(2)

4 Gall bladder disease 935 2.7(2.0) 2.0(2) 3.6(2.0) 3.0(4)

5 Diabetesmellitus plushypertension  78.3 23(1.1) 20(1) 19(1.1) 20(2)

6 Upper respiratory tract infection 100 19(1.1) 20(1) 3.2(1.8) 23

Table 5. Comments made by GPs regarding intention of continuing with each video consultation (N=46).

Video Most common diagnosis Intend to continue with consultation, %
Yes Maybe No
1 Anxiety and depression 31 41 28
2 Alcoholism 15 48 37
3 Myocardial infarction 2 7 91
4 Gall bladder disease 20 24 56
5 Diabetes, plus hypertension 41 35 24
6 Upper respiratory tract infection (URT]) 17 50 33
http://www.jmir.org/2013/6/e117/ JMed Internet Res 2013 | vol. 15 | iss. 6 [e117 | p.186
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Table 6. Participants' response as per the domains of TPB per scenario (N=46).

Scenario TPB, mean (SD)
Attitudes Subjectivenorms ~ PBC control efficacy PBC control controllability Behavioral score®

Anxiety and depression 4.3 (1.1) 2.9(1.0) 3.8(17) 5.3(1.8) 46(1.1)
Alcoholism 3.8(1.3) 2.7(1.1) 3.3(1.6) 55(1.7) 4.4(11)
Myocardial infarction 2.3(1.6) 19(1.3) 23(1.7) 55 (1.6) 39(11)
Gall bladder disease 3.4(1.6) 2.7(1.1) 33(17) 5.4 (17) 4.4(1.2)
Diabetes plushypertension 4.5 (1.6) 3.6(1.3) 4.6 (1.6) 55(1.7) 50(1.2)
URTI 3.9(1.6) 3.6(1.3) 4.0 (1.6) 55(1.7) 48(1.1)

@Vl ean score of the 2 PBC subcategories.

Table 7. Therelativerisk (RR) ratio of difficulty of diagnosis and TPB scores associated with GPs' intention to continue the consultation within each
scenario (N=46).

Risk and TPB Scenario, RR (95% Cl)2
Anxiety Alcoholism Gall bladder disease Diabetes URTI

Of saying " maybe" vs"yes'
Difficulty 0.4 (0.2-1.0) 0.4 (0.2-1.0) 0.9(0.3-2.8) 0.7 (0.3-1.8) 25 (0-100)
Attitudes 0.2(0.1-0.7)° 0.3(0.1-0.9)° 0.3(0.1-0.9)° 0.4 (0.2-0.97)° 0.1(0-0.7)°
Subjective norms 53 (1.1-25.7)° 1.8(0.6-5.2) 1.1(0.4-3.0) 0.6 (0.2-1.9) 0.3 (0-2.6)
Self-efficacy 0.8(0.4-1.8) 0.9 (0.5-1.7) 2.3(0.8-6.8) 0.9 (0.4-1.9) 1.3(0.5-3.5)
Controllability 0.9 (0.6-1.4) 1.2(0.7-2.1) 1.1 (0.5-2.4) 0.9 (0.5-1.4) 0 (0-100)

Of saying " no" vs"yes'
Difficulty 0.4 (0.2-1.0) 0.4 (0.2-0.9)° 1.1(0.4-3.4) 0.7 (0.2-2.0) 100 (0-100)
Attitudes 0.2 (0- 1.1) 0.3(0.1-0.8)° 0.1 (0-0.4)¢ 0.3(0.1-0.9)° 0.1 (0-0.6)°
Subjective norms 6.0 (11-3L.9)° 1.0 (0.4-3.0) 25(0.7-8.8) 0.3(0.1-1.3) 0.1(0-1.3)
Self-efficacy 0.2 (0.1-06)° 05(0.3-1.1) 1.0(0.3-2.8) 0.8(0.3-2.0) 1.0 (0.3-3.4)
Controllability 0.8(0.4-1.6) 1.5(0.8-2.5) 1.0 (0.4-2.5) 1.3(0.7-2.6) 0(0-17.8)

For the groups who said that they “maybe” or “will not” continue the consultation compared with those who answered yes (RR=1). Results are derived
from 6 multinomial logistic regressions according to the scenario; result values greater than 100 are truncated to 100. Myocardia infarction is not
reported because only one 1 participant said yes and 3 participants said maybe. Due to such small numbers in some categories, it was not possible to
include that scenario in the model.

bp<.05
®p<.01
dp<.001
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Table 8. Sociodemographic and scenarios as indicators associated with the intention to continue the consultation online.

Factors modeled RR (95% ClI)

Saying " maybe" compared to " yes'

Scenario (anxiety, RR=1)

Alcoholism 2.9 (11-7.7)2
Myocardial infarction 2.6 (0.3-26.0)
Gall bladder disease 0.9(0.3-3.1)
Diabetes 0.5(0.2-1.4)
URTI 2.6 (0.8-8.8)

Country of university (non-Australian, RR=1)

6.8 (1.8-25.2)°

Years after graduation 1.4(1.2-1.7)°
Years asaGP 0.8(0.7-0.9)°
GP registrar (“no,” RR=1) 0.8(0.2-3.1)
Clinic remoteness 0.6 (0.4-1.1)
Number of GPs 0.9(0.7-1)a

Nonprincipal, principal/others (RR=1)

6.5(1.8-22.8)°

Hours practiced/week 4.5(2.0-9.9)°
Saying " no" compared to" yes'

Scenario (anxiety, RR=1)

Alcoholism 3.2(1.2-85)2

Myocardial infarction

Gall bladder disease

74.2 (7.9-695.7)°

3.9(1.0-13.0

Diabetes 0.5 (0.2-1.5)
URTI 2.4(0.7-7.8)
Country of university (non-Australian, RR=1) 11.0 (3.1-39.8)°
Years after graduation 1.2 (1.0-1.5)2
Years asa GP 0.8(0.7-0.98)2
GP registrar (no, RR=1) 0.3(0.1-0.96)2
Clinic remoteness 0.5 (0.3—0.9)b
Number of GPs 0.9 (0.8-0.98)2
Nonprincipal, principal/others (RR=1) 1.9(0.6-5.5)
Hours practiced/week 26 (1.3-5.2)b

3P<.05

bp< 01

°p<.001
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Table 9. Free-text comments per scenario.

Jwa& Meng

Video (most common diagnosis) Continue with video consultation?

Yes (n)?

No (n)? Maybe (n)?

“A lot could be sorted out for her
online” (7)

Anxiety and depression

“Thisis another case where an ini-
tial treatment plan could be made
online.” (3)

Alcoholism

Myocardial infarction “Depending on how far away heis
from me, | would either go to him
now after calling an ambulance to
him, or if heistoo far way, | keep
talking to him after calling an ambu-

lance to take him to hospital” (1)

Gall bladder disease “Would like to see her for follow-

up consultation for examination” (6)

“Most of the issuesin this consult
could be managed online quite effec-
tively” (10)

Diabetes plus hypertension

URTI “1 would not necessarily prescribe
antibiotics. There are no symptoms
that make me concerned about a

chest problem” (2)

“An online consultation would not
beideal asit may be harder to estab-
lish rapport” (3)

“Needs to be examined” (3)

“...the use of an online consultation
in this case inhibits devel oping rap-
port particularly with a patient
whom | have only seen occasional -
ly” (2); “Needs physical examina-
tion and probably blood tests’ (4)

“Needs physical examination” (11)

“Needsto call an ambulance urgent-
ly” (32)

“Cardiac chest pain must come to
surgery or to ED” (1)

“Needs examination” (5) “Requires examination, cannot be

achieved online” (23)

“Could be aconvenient way of dis- “Would like to see him in person to
cussing results, however thiswould reinforce the importance of the

be variable upon the results. Still control of diabetes, quitting smok-

hasissue of being unableto exam-  ing, cholesterol and blood pressure”
ine” (12) ?3)

“It isvery hard to manage thiscase “You would have alot of difficulty

online without physical exam” (10) justifying to the patient why you
have not prescribed antibiotics,
when you have not examined the
patient” (4)

3N umber in brackets represents number of participants making similar comments.

Discussion

General practitioner participants in this study might conduct a
video consultation with patients other than those presenting
with what could be an acute life-threatening emergency.
Participants formed 3 approximately equal groups. those who
would continue with the video consultation, those who were
ambivalent, and those who would not. The scenario involving
the person with anxiety evoked thistypical response. GPs who
had qualified from an Australian university were more likely
to be equivocal about video consultations. Similar opinions
were expressed by those medical practitioners who had been
qualified for longer. However, those who had been in general
practice for longer and those who worked in group practices
were more likely to favor video consultations.

Compared with the case of the patient presenting with anxiety
and depression, GPswere more likely to reject continuing with
avideo consultation with the patient with acohol dependence,
myocardial infarction, or gall bladder disease. Their objections
focused primarily around the inability to physically interact
with the patient. Those who had been qualified as a medical
practitioner for longer and those who worked longer hourswere
more likely to express negative views. On the other hand,
participants who had been practicing as GPs for longer, GP
registrars, those who worked in remote practice, and those from

http://www.jmir.org/2013/6/e117/

larger group practiceswerelesslikely to be negative about video
consultations.

Practitionerswho were ambivalent about continuing with video
consultations expressed the view that it was difficult to diagnose
the patient presenting with symptoms of acough, abeit an upper
respiratory tract infection. By contrast, they had positive views
about managing patients online for al but the chest pain
scenario. They were also concerned about the attitude of
significant others, such as patients, colleagues, and funders,
about conducting video consultations particularly in the case
of the patient with anxiety and depression. With regard to the
low consistency between self-efficacy and controllability, we
postul ated that GPs did not feel they were ableto conduct video
consultations even if they wanted to because such consultations
are not subsidized by government funding. However, they felt
confident about their ability to conduct video consultations.

GPs are unlikely to offer video consultations for patients with
aminor salf-limiting illness of recent onset. Thereticence could
be ascribed to the perceived need for a physical examination.
Theimportance of clinical examination to establish adiagnosis
for acute cough has been emphasized in previousliterature[19].
However, arecent review suggeststhat physical signs, if present,
have poor predictive value to detect infections that may benefit
fromantibiotics[20]. Itisaso highly unlikely that practitioners
would consider video consultations for patients who have a
life-threatening medical emergency. This may stem from the
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perception of anincreased risk of failing to make an appropriate
diagnosis in this context and the need for immediate
resuscitation of a patient with cardiac chest pain [21,22].
Consultations for patients with chronic mental health issues
may also be hampered unless there are clear indications that
such consultations are approved by colleagues and funding
agencies.

Limitations

The practitioners who participated in this study were generally
younger than most Australian GPs. They were also more likely
to be registrars and those working in a larger practice than
average. Although the geographical distribution included a
representative sample of practitioners from rural and remote
areas, there were fewer from some statesin Australia. We also
acknowledge that the doctors had no opportunity to ask
questions or seek clarification from the actor-patients. Thiswas
asignificant issue, although it would have been difficult within
the limitations of technology and the resources available to
allow for such interactions in circumstances in which
practitioners across Australia, living in different time zones,
wished to participate in their own time and actors were only
funded to perform a single vignette. Experience from previous
studies with live consultations between actors and practitioner
were that more limited numbers of practitioners were able and
willing to participate. Thisintroduces bias and |ess generalizable
results[23]. Secondly, we did not interview the practitionersto
explore their perspective on the consultations. Our comments
are, therefore, limited to their responses to a questionnaire. In
these circumstances, we can only draw limited conclusionsthat
domains of the theory of learned behavior offer a recognized
theoretical grounding to frame the conclusions. The free-text
comments also provide further information on the impressions
of the practitioners.
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Strengths

The greatest strength of this study wasthe use of Internet-based
video vignettes to gauge GP opinion. Video vignettes have
significant advantages over other data collection methods, in
particular, the advantage of realism, or something closely
approximating it [23-25]. Video vignettes can present patient
information to clinicians in away that closely resembles their
usual consultations. More understanding is generated in this
way than by surveys on usua practice. In the context of this
study, video consultations are not yet routine practice; therefore,
it was important to present the practitioners with examples of
scenarios. Video scenarios can simulate clinicians' usual
working environments and generate arange of typical responses
from them in a way that questions asked in the absence of an
example scenario or in relation to atext-based scenario cannot.
Data collected are likely to be valid. Such simulations could
also be used to introduce video consultations to students at
medical schools.

Conclusions

Australian GPs may adopt video consultationsin their practice,
but thisislikely to bein larger practices with more established
GPs, especially in rura areas. It is aso likely that access to
video consultations will need to focus on follow-up
consultations, where the purpose of the consultation is not
primarily to establish a diagnosis. Patients with minor
self-limiting illnesses and those with medical emergencies are
unlikely to be offered access to a GP by video. Medical
practitioners appear confident about their ability to conduct
video consultations; however, the process of establishing video
consultations as routine practice will need to be endorsed by
patients, members of the profession, and funding organizations.
Video consultation techniques will also need to be taught in
medical schools. Future research on this topic could follow a
similar outlinewith vignettes, but include moreinteractive video
consultations between practitioners and patients.

We would like to thank Dr Allison Rieck, Dr Shoreh Razmi, and Ms Jo Higgins for support in administering the survey. We also
thank Dr Mike Civil, Dr Shohreh Razmi, Dr Marthe Smith, and Dr Devesh Oberoi for assistance in devel oping and administering
the scenarios and Tammy McCausland for copyediting the final submission.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Video vignette alcohol dependence.

[MOQV File, 11MB - jmir_v15i6e117 appl.mov ]

Multimedia Appendix 2
Video vignette sore throat and cough.

[MOV File, 11MB - jmir_v15i6e117 app2.mov ]

http://www.jmir.org/2013/6/e117/

JMed Internet Res 2013 | vol. 15 | iss. 6 [e117 | p.190
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i6e117_app1.mov&filename=f632a16ff969a770171893fd3f8c7335.mov
https://jmir.org/api/download?alt_name=jmir_v15i6e117_app1.mov&filename=f632a16ff969a770171893fd3f8c7335.mov
https://jmir.org/api/download?alt_name=jmir_v15i6e117_app2.mov&filename=de70bf588a58372e601807a391f98d12.mov
https://jmir.org/api/download?alt_name=jmir_v15i6e117_app2.mov&filename=de70bf588a58372e601807a391f98d12.mov
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jwa& Meng

Multimedia Appendix 3
Video vignette diabetes.
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Multimedia Appendix 4
Video vignette chest pain.
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Video vignette anxiety.
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Abstract

Background: Meal-Q and itsshorter version, MiniMeal-Q, are 2 new Web-based food frequency questionnaires. Their meal-based
and interactive format was designed to promote ease of use and to minimize answering time, desirable improvements in large
epidemiological studies.

Objective: We evaluated the validity of energy and macronutrient intake assessed with Meal-Q and MiniMeal-Q as well asthe
reproducibility of Meal-Q.

Methods: Healthy volunteers aged 20-63 yearsrecruited from Stockholm County filled out the 174-item Meal-Q. The questionnaire
was compared to 7-day weighed food records (WFR; n=163), for energy and macronutrient intake, and to doubly labeled water
(DLW; n=39), for total energy expenditure. In addition, the 126-item MiniMeal-Q was evaluated in a simulated validation using
truncated Meal-Q data. We also assessed the answering time and ease of use of both questionnaires.

Results: Bland-Altman plots showed a varying bias within the intake range for al validity comparisons. Cross-classification
of quartiles placed 70%-86% in the same/adjacent quartile with WFR and 77% with DLW. Deattenuated and energy-adjusted
Pearson correl ation coefficients with the WFR ranged from r=0.33-0.74 for macronutrients and wasr=0.18 for energy. Correlations
with DLW were r=0.42 for Meal-Q and r=0.38 for MiniMeal-Q. Intraclass correlations for Meal-Q ranged from r=0.57-0.90.
Median answering time was 17 minutes for Meal-Q and 7 minutes for MiniMeal-Q, and participants rated both questionnaires
as easy to use.

Conclusions: Meal-Q and MiniMeal-Q are easy to use and have short answering times. The ranking agreement is good for most
of the nutrients for both questionnaires and Meal-Q shows fair reproducibility.

(J Med I nternet Res 2013;15(6):€109) doi:10.2196/jmir.2458
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compared to dietary records, and low cost becauseit istypically
a self-administered method. However, there is a need for
The food frequency questionnaire (FFQ) is a commonly used methodol ogical improvement, including the FFQ layout and its
method for assessing diet in large-scale epidemiological studies. €58 Of Use.

The advantages of the FFQ include a low participant burden
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Most FFQslist food items according to food groups (vegetabl es,
meats, dairy, etc), yet people typically consume food grouped
into meals. Moreover, meal-based questionnaire designs have
been shown to facilitate recall of dietary intake in previous
studies[1,2]. Therefore, we developed a meal- and Web-based
FFQ, called Meal-Q, with adesign that allows for individually
adapted follow-up questions. Thus, participants only answer
questionsrelevant to their own food habits. For example, ahigh
consumer of bread and cheese will get follow-up questions
about the number of dlices of bread and cheese, whereas alow
consumer will not. Thisfeature reducesthe answering time and
improves the ease of use.

Approximately 90% of the Swedish adult population used the
Internet in 2011 [3], justifying development of Web-based
guestionnaires for national population-based  studies.
Furthermore, the Web-based design makes the use of Meal-Q
more cost-efficient than a paper-based FFQ and facilitates
assessment of large samples. The ability to use built-in checks
for missing answers and theimmediate transfer of answersinto
digital format also assures complete data collection and
improves data quality [4,5].

We evaluated the validity and reproducibility of energy and
macronutrient intake assessed with Meal-Q by comparing it to
aweighed food record (WFR) and doubly labeled water (DLW).
By using truncated data from Meal-Q, we also validated a
shorter version called MiniMeal-Q.

Methods

Background

The development of Meal-Q was based on results from a
population-based study inwhich 700 randomly selected Swedish
participants reported, through either face-to-face interviews or
telephone 24-hour recalls, on the food products they consumed
for breakfast, lunch, dinner, and snacks (E Mdller and S
Christensen, personal written communication, August 2008).
This dietary information guided the design of a meal- and
Web-based FFQ caled MaxMea-Q. After a pretest of
MaxMed-Q in a randomly selected group of individuas
(N=216), the shorter version, Meal-Q, was formed by omitting
lesscommonly consumed food items and dishes. Subsequently,
Meal-Q was included in the Validation of Methods Assessing
diet and physical activity (VALMA) study. The reference
methodswere a 7-day WFR on the Web and DLW for estimation
of energy expenditure [6].The Research Ethics committee at
Karolinska Institutet approved the study.
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After the validation study was completed, researchers from
LifeGene, a large population-based cohort study [7], decided
to use Meal-Q under the condition that the answering time be
reduced. Therefore, we developed the shorter version,
MiniMeal-Q, by omitting food items consumed on average with
a low intake frequency and that contributed least to the total
energy and nutrient intake. Yet, food items representing
important food sources of certain nutrientswere kept (eg, black
pudding that contributes to iron intake). After a time test,
LifeGene decided to use MiniMeal-Q. We validated
MiniMeal-Q in the present study by truncating Meal-Q datato
simulate MiniMeal-Q. The inherent dependence between
Meal-Q and MiniMeal-Q should be taken into account when
comparing their validity.

Recruitment

In April 2009, 180 healthy volunteer men and women aged 20
to 63 years were recruited to the VALMA study through public
advertisement in Stockholm County, Sweden. Recruitment also
took place at 3 universities including announcements among
nutritionist students. Accessto the Internet and an email address
were prerequisites for eligibility, as well as not being on a
weight-loss diet, not being pregnant, and not having given birth
within the past 10 months. At an introductory meeting,
participants wereinformed about the study and signed informed
consent forms. Participants self-reported their height and weight,
which was used to calculate body massindex (BMI).

Study Design

After recruitment, the participants were divided into 3 age- and
gender-balanced groups: group 1 (n=87), group 2 (n=53), and
group 3 (n=40). Each group followed a 3-week study scheme
shown in Figure 1.

All groupsfilled out Meal-Q and the WFR on the Web at their
own choice of location (eg, a home) and group 3 wasalso given
DLW. Groups 2 and 3filled out asecond Meal-Q after 3 weeks.
Data from the first administered Meal-Q assessment and the
WEFR from all groups were compared for validity evaluation.
The data from the first Meal-Q assessment was truncated for
simulated analysis of MiniMeal-Q. Thefirst and second Meal-Q
assessments from groups 2 and 3 were compared for
reproducibility evaluation. Information about education,
occupation, and tobacco use (smoking and Swedish snuff) was
collected in the first questionnaire. Answering time was
automatically recorded, and directly after completion of thefirst
Meal-Q, a short Web survey followed to evaluate its ease of
use.
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Figure 1. The 3-week study scheme of the VALMA study.
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Dietary Assessment

Meal-Q

The interactive Meal-Q included 102 to 174 food items
(depending on the number of follow-up questions) and asked
about dietary intake during the past few months. For an example
of aquestionnaire module, see Figure 2. Meal-Q assessed intake
of (1) food items, dishes, and beverages, (2) energy and
nutrients, including a cohoal, (3) supplements, (4) meal patterns,
and (5) eating behavior, such as restaurant visits, intake of fast
food, light products, probiotics, and the use of cooking fat and
salt. Respondents chose from predefined food items and intake
frequencies and only filled in what they ate at least once a
month. For each of the following food groups, 5 photos of
portion sizes were included: (1) rice, potatoes, and pasta, (2)
meat, chicken, fish, and vegetarian substitutes, and (3)
vegetables (raw or cooked). The photos were used to calculate
portion sizes for cooked dishes and vegetables. For other food
items, standard portion sizes were used based on information
from the National Food Agency, the Swedish Consumer Agency,
measured portion sizes devel oped by the research group, aswell
as standard portion sizes used in other FFQs at Karolinska
Institutet.

MiniMeal-Q

MiniMeal-Q includes 75 to 126 food items—approximately
30% fewer items than Meal-Q—and has similar questions on
meal patterns and eating behavior. After the VALMA study

wasfinished, MiniMeal-Q was sent out to 79 volunteer VALMA
participants to assess answering time and ease of use.

Weighed Food Records on the Web

At study start, participantswere given oral instructions, akitchen
scale, and a handbook with instructions on how to complete the
7-day WFR by using a Web-based program. Participants were
asked to weigh and report al consumed food products and
beverages at the highest detail level possible (eg, each food item
inadish was encouraged to be reported initsindividual weight).
The participants could choose among over 2000 food itemsin
the program’s food database, and they al so recorded which day
they consumed the food item as well as for which mea (ie,
breakfast, lunch, dinner, or between meals). Data collectors

http://www.jmir.org/2013/6/e109/

checked al records for completeness. In the program,
participants also provided a 7-day pedometer-based physical
activity record. The participants were asked to report their total
number of daily steps as well as other activities not captured
by pedometers, such as bicycling or swimming. From this, the
physical activity level (PAL) was cal culated for each participant
and the information was used for identification of potential
energy underreportersin the WFR by using the Gol dberg cut-off
method [8].

Nutrient Database

Intake of food itemsand dishesfrom Meal-Q, MiniMeal-Q, and
the WFR were converted into energy (kJday) and macronutrient
(g/day) intake using the national database on nutrient content
published by the Swedish National Food Agency [9]. The
nutrient conversion for the questionnaireswas done by computer
programs developed and validated specifically for this study,
whereas the conversion of the WFR was done with the
Web-based WFR program. Dietary supplements were not
included in the analyses.

Doubly Labeled Water Method

Total energy expenditure was determined in group 3 (n=40)
using the DLW method [10] over 11 consecutive days (Figure
1). Thedetails of this procedure have been described previously
[11]. Briefly, onday 1 at the study site, each participant provided
a 5-milliliter urine sample before receiving an oral DLW dose
calculated according to body weight [12]. Subsequently, daily
spot urine samples were collected for a total of 9 days.
Participants were instructed to collect urine samplesat asimilar
time each day (but not the first void of the day). All samples
were kept refrigerated. On day 11, the 9 urine samples were
returned to the study site and the eleventh urine sample was
collected. All samples were shipped to the Medical Research
Council, Human Nutrition Research, Cambridge, United
Kingdom, for isotopic analysis, which has been previously
described in detail [13]. Enrichments of 2H/*H and **0/**0 in
urine sampleswere determined by mass spectrometry. Following
conversion to the universally accepted Vienna Standard Mean
Ocean Water (VSMOW) / Standard Light Arctic Precipitation
(SLAP) scale, total energy expenditure (TEE) was calculated
by using standard equations [14-16]. CO, production (mole/day)
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was estimated using Schoeller et a’s correction for fractionation
[15] and arespiratory quotient of 0.85. Therespiratory quotient
is based on omnivores with 30% to 35% energy contribution
from fat and suitable to the VALMA population. The results of
the CO, production were used to calculate the TEE of each

participant by using the modified Weir equation [17].

Statistical Analysis

Descriptive characteristics of study participants are presented
as mean (SD) and as counts (%). Differences in BMI and age
between study groups, between men and women, and between
included and excluded participants were assessed using a
2-samplet test. Differences in education, nutrition background
(studying or working in the nutrition field), and tobacco use
were assessed using Fisher’s exact test. The level of statistical
significance was set to apha =.05.

Median and interquartile range (IQR) of crude energy and
macronutrient intake was calculated and compared among
Mea-Q, MiniMeal-Q, and the WFR. Energy intake from the
guestionnaireswas also compared to TEE from DLW. Wilcoxon
signed rank tests were used to determine differences between
all methods. The median (IQR) answering time in minutes of
each questionnaire was cal cul ated and ease of use was eval uated
from the Web survey. The between-person variance captured
in the truncated MiniMeal-Q as compared to Mea-Q was
calculated using linear regression.

For validity and reproducibility analyses, macronutrients were
adjusted for total energy intake using the residual method [18].
Variables deviating from the normal distribution were

http://www.jmir.org/2013/6/e109/
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transformed using the square, squareroot, or log transformation,
as appropriate. Absolute agreement and potential differencein
bias within the intake range were evaluated by plotting the
differences between questionnaires and WFR or DLW against
the average of the 2 methods, according to the method of Bland
and Altman [19]. The degree of variation was represented by
the limits of agreement, ie, +2 SD of the mean difference. The
ranking agreement and magnitude of misclassification when
comparing questionnaires with the WFR and DLW was tested
by dividing participants into quartile categories of energy and
energy-adjusted macronutrient intake. Proportions of participants
classified into the same, adjacent, and extreme quartiles were
calculated. Because variables were normally distributed after
energy adjustment and transformation, Pearson correlation
coefficients were used to measure the degree of linear
relationship between the questionnaires and the WFR and DLW.
Deattenuated correl ations corrected for within-person variation
in the WFR were calculated using the formulas of Beaton et al
[20] and Liu et a [21], and confidence intervals (Cl) were
produced using the method of Willett and Rosner [22].
Confidenceintervalsfor correlations with DLW were obtained
using the bootstrap method [23].

Reproducibility of Meal-Q was evaluated by comparing crude
median energy and macronutrient intake between the first and
second Meal-Q and by cross-classification of energy and
energy-adjusted [18] quartiles of macronutrient intake. Intraclass
correlation coefficients (1CCs) [24] were also computed using
1-way ANOVA with random effects. Statistical analyses were
performed using STATA dtatistical software version 11.2
(StataCorp LB, College Station, TX, USA).
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Figure 2. Screenshot of a Meal-Q module: breakfast and snack items and follow-up question on bread (translated from the Swedish questionnaire

version in the VALMA study).

For the type of food you eat at least once a month, choose in the drop down menu

how often you eat them.

Only fill out what you usually eat.

White bread (eg tin loaf, loaf, flatbread)

Whole grain bread (eg rye bread, whele meal bread, Rusk)

Crisp bread

Processed sour milk, yoghurt, yoghurt drink, smoothie
Muesli, cereals

Catmeal porridge

Flaxseeds

Hard cheese

Bag cheese, dessert cheese (eg Philadelphia, brie)
Marmalade, jam, apple purée, honey

Liver paté

Cold cuts (eg ham, salami)

Egg, cmelete

Times per day Times per week Times per menth

aliaaalaalalalias
aaaahakaaa
alallaalaafalalalalaa

<< > |

You have mentioned that you eat bread. How many slices of bread do you usually eat

each time?

) 1-2 slices

) 3-4 slices

©) 5-6 slices

) 7 slices or more

@) Don't know/Don't want to answer

Results

One participant was excluded due to dropout (group 1) and 2
others due to illness (group 2 and 3). Eleven participants (4 in
group 1, 6 in group 2, and 1 in group 3) were identified as
energy underreporters by applying the Goldberg cut-off [8] on
energy intake from the WFR together with data from each
participant’s calculated PAL. Additionally, 3 underreporters
(group 3) in the WFR were identified using individual PAL
values calculated from DLW data. Because of the implausible
energy intake by the WFR, the 14 underreporterswere excluded
for thevalidity comparison between Meal-Q, MiniMeal-Q, and
the WFR; therefore, 163 participants remained (group 1: n=82;
group 2: n=46; and group 3: n=35). For the validity comparison
between Med-Q, MiniMea-Q, and DLW in group 3, no

http://www.jmir.org/2013/6/e109/
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exclusion of energy underreporters was made; therefore, 39
participants remained. For the reproducibility analysis of
Mea-Q, 4 participants had missing values in the second
administered Meal-Q; therefore, 87 participants remained. We
found no statistically significant differences between included
and excluded participants in terms of age, BMI, education,
nutrition background, or tobacco use.

Descriptive Statistics

As shown in Table 1, most of the study participants were
students or highly educated. One-third were working full time,
and almost as many had anutrition background. Few participants
used tobacco. There was no statistically significant difference
between groups or sexes regarding age, BMI, education,
nutrition background, or smoking (but more men than women
used Swedish snuff).
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Table 1. Characteristics of the participantsin the validation study (n=1672).
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Characteristics By group By gender All
(n=167)
Group 1 Group 2 Group 3 Men Women
(n=82) (n=46) (n=39) (n=35) (n=132)
Gender, n (%)
Male 16 (19.5) 11 (23.9) 8(20.5) 35 (21.0)
Female 66 (80.5) 35(76.1) 31(79.5) 132 (79.0)
Age (years), mean (SD) 34(12) 31(11) 33(12) 33(10) 33(12) 33(12)
BMI (kg/m?), mean (SD) 23(3.6) 23(3.4) 23(3.7) 24(2.2) 23(3.8) 23(3.6)
Education >12 years, n (%) 64 (78.0) 38(82.6) 32(82.1) 28 (80.0) 106 (80.3) 134 (80.2)
Working full time, n (%) 33(40.2) 12 (26.1) 10 (25.6) 12 (34.3) 43(32.6) 55 (32.9)
Student, n (%) 41 (50.0) 31(67.4) 26 (66.7) 19 (54.3) 79 (59.8) 98 (58.7)
Background in nutriti o, n (%) 21(25.6) 15 (32.6) 13(33.3) 6(17.1) 43 (32.6) 49 (29.3)
Tobacco use®, n (%) 11 (13.4) 5(10.9) 6 (15.4) 12 (34.3) 10 (7.6) 22(13.2)

8From this study sample, 4 underreporters were excluded for analysis with the WFR (n=163). There were no statistically significant differences in
characteristics between groups or sexes, except for Swedish snuff between sexes (1.8% women and 4.2% men, P=.001) via2-samplet test and Fisher's

exact test.
bStudyi ng or working in the nutrition field.

“Tobacco use = smoking and/or Swedish snuff. Values are missing for 3 women in group 3.

The median time to answer the Meal-Q and the MiniMeal-Q
was 17 (IQR 11) and 7 (IQR 4) minutes, respectively. Most
(92%) participants perceived Meal-Q as easy to fill out, 91%
thought the questionswere relevant, and 93% reported that food
items and dishes were presented in a logical order. For
MiniMeal-Q, the figureswere 95%, 88%, and 91%, respectively.
The overall mean grade of Meal-Q and MiniMeal-Q’s ease of
use was 4.2 on a 5-point scale in which 5 was the best grade.
The between-person variance captured by MiniMea-Q as
compared to Meal-Q ranged from 96% to 99% for energy and
macronutrients.

Validity

Energy and macronutrient intake was higher in the WFR
compared with both questionnaires, except for polyunsaturated
fat assessed with Meal-Q (Table 2). In group 3 (n=39), the
energy expenditure from DLW was higher than energy intake
assessed by both questionnaires (P<.001, Wilcoxon's signed
rank test). The energy expenditure from DLW was 11,423 kJ
(IQR 2777) and the energy intake assessed with Meal-Q and
MiniMeal-Q were 7954 kJ (IQR 2736) and 7358 kJ (IQR 2718),
respectively.

As shown in Figure 3, the Bland-Altman plots with DLW
indicate that the WFR and both questionnaires underestimated
energy intake for most participants. Compared to the WFR, the
guestionnaires had a larger underestimation, larger variance,
and aweak trend of decreasing accuracy with increasing intakes.

The Bland-Altman plots of Meal-Q and the WFR in Figure 4
showed a negative mean difference for energy and all
macronutrients. There was atrend of decreasing accuracy with

http://www.jmir.org/2013/6/e109/

increasing energy and polyunsaturated fat intake, and trends of
increasing underestimation with increasing intakes for other
macronutrients. Because of varying biaswithin theintake range,
the proportion of participants outside the limits of agreement
deviated somewhat from 5% for some plots. Bland-Altman plots
for MiniMeal-Q and the WFR were very similar to those for
Meal-Q and the WFR (see Multimedia Appendix 1).

Table 3 showsthat the proportion of participants classified into
the same or adjacent quartile for energy was 70% by Meal-Q
and 67% by MiniMed-Q as compared to the WFR.
Correspondingly, the proportions for macronutrients ranged
from 76% to 86% for both questionnaires. Quartile
cross-classification of Meal-Q and DLW placed 77% into the
same or adjacent quartile, and values were identical for
MiniMeal-Q.

Pearson correlation coefficients (r) with the WFR and DLW
were similar between Meal-Q and MiniMeal-Q (Table 4).
Deattenuated and energy-adjusted correlations with the WFR
ranged from r=0.18-0.73 for Meal-Q and from r=0.18-0.74 for
MiniMeal-Q. Correlation with DLW was r=0.42 for Mea-Q
and r=0.38 for MiniMeal-Q.

Reproducibility

Table 5 shows that there were no statisticaly significant
differencesin crudeintakes between thefirst and second Meal-Q
assessments. The proportion of participants classified into the
same or adjacent quartile ranged from 85% to 96%. | CCsranged
from r=0.43-0.92 for crude intakes and from r=0.57-0.90 for
energy-adjusted macronutrients.
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Table 2. Daily crude energy and macronutrient intake assessed with the WFR, Meal-Q, and MiniMea -Q (n=163).

Energy and macronutrients WFR Meal-Q? MiniMeal-Q?
Median (IQR) Median (IQR) %of WFR  Median (IQR) % of WFR

Energy (kJ) 9183 (2340) 7667 (3723) 83 7017 (3632) 76
Protein (g) 85 (37) 79 (40) 93 70 (34) 8
Carbohydrates (g) 243 (97) 211 (132) 87 190 (124) 78
Total fat (g) 86 (37) 65 (34) 76 62 (35) 72
Saturated fat (g) 33(18) 22 (14) 67 20 (13) 61
Monounsaturated fat (g) 31(16) 23(13) 74 22 (11) 71
Polyunsaturated fat (g) 14 (8) 13(8) 93 12 (9) 86
Alcohol (g) 6 (15) 5(8) 85 5(8) 83

8 ntakes assessed with Meal-Q and MiniMeal-Q were statistically significantly different from the WFR (P=.01), except for polyunsaturated fat assessed
with Meal-Q (P=.28). Intakes assessed with Meal-Q and MiniMeal-Q were statistically significantly different from each other (P<.001) via Wilcoxon
signed rank test.

Table 3. Quartile cross-classification of mean daily energy and energy-adjusted® macronutrient intake assessed with Meal-Q, MiniMeal-Q, and the
WFR (n=136) and cross-classification of mean daily energy intake and energy expenditure measured with DLW (n=39).

Energy and macronutrients Same quartile, % Adjacent quartile, % Extreme quartile, %
Med-Q MiniMea-Q Med-Q MiniMea-Q Med-Q MiniMea-Q
Energy 26 27 44 40 85 74
Protein 36 40 40 36 6.7 55
Carbohydrate 42 a2 40 37 25 18
Totdl fat 37 33 41 46 8.0 9.2
Saturated fat 52 45 33 37 49 43
Monounsaturated fat 14 a4 33 33 6.1 6.7
Polyunsaturated fat 33 31 47 49 55 49
Alcohol 50 49 36 37 43 37
DLW, energy (kJ) 33 33 44 44 26 26

8adjustments for total energy intake were made using the residual method [18].
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Table 4. Pearson correlation coefficients between Meal-Q, MiniMeal-Q, and the WFR (n=163) and DLW (n=39).

Christensen et al

Energy and macronutrients ~ Crude® Energy-adjusted®? Deattenuated (95% CI)°
Mea-Q MiniMed-Q  Med-Q  MiniMed-Q  Med-Q MiniMeal-Q

Energy 0.16 0.16 — — 0.18 (0.01-0.36) 0.18 (0.01-0.33)
Protein 0.22 0.21 0.30 0.31 0.33(0.17-0.47) 0.34 (0.18-0.48)
Carbohydrates 0.54 0.54 0.62 057 0.65 (0.54-0.74) 0.60 (0.48-0.70)
Total fat 0.06 0.02 0.55 0.49 0.57 (0.45-0.67) 0.51 (0.37-0.62)
Saturated fat 0.15 0.11 0.57 0.54 0.60 (0.48-0.70) 0.57 (0.44-0.67)
Monounsaturated fat 0.13 0.08 0.52 0.46 0.56 (0.43-0.67) 0.50 (0.36-0.62)
Polyunsaturated fat 0.23 021 0.36 035 0.42 (0.25-0.56) 0.40 (0.23-0.54)
Alcohol 0.64 0.65 0.61 0.63 0.73 (0.59-0.82) 0.74 (0.60-0.83)

DLW, energy (CI)® 0.42(0.16-0.68) 0.38(0.10-0.66) — — — —

3Al| correlation coefficients were statistically significant (P = <.001-.046), except for crudetotal, saturated and monounsaturated fat for both questionnaires
(P=.06-.84).
bAdj ustments for energy were made using the residual method [18].

Deattenuated values were obtained using the formulas suggested by Beaton et a [20] and Liu et al [21]. Confidence intervals were produced using the
method suggested by Willett and Rosner [22].

dconfidence intervals were obtained usi ng the bootstrap method [23].

Table5. Daily energy and macronutrient intake assessed with the 2 Meal-Q assessmentsin groups 2 and 3, quartile cross-classifications and crude and
energy-adjusted? intracl ass correlation coefficients” (1CC) (n=87)°.

Median (IQR) intake

Energy and macronutri- Quartile cross-classifications, % 1CC (95% CI)

ents

Med-Q1 Meal-Q2° Difference® Same Adjacent Extreme Crude Energy-adjusted
Energy (kJ) 7720 7383 -125(2497) 51 34 6.9 0.57 (0.42-0.71) —

(3567) (3205)
Protein (g) 79 (36) 78 (29) -1.2(24) 53 40 2.3 0.52 (0.37-0.67) 0.73 (0.63-0.83)
Carbohydrates (g) 209(122) 206(113) 0.7(82) 52 41 2.3 0.64 (0.51-0.76) 0.67 (0.56-0.80)
Total fat () 62 (30) 62 (29) -1.9(23) 59 26 5.7 0.47 (0.30-0.63) 0.57 (0.43-0.71)
Saturated fat (g) 20 (11) 21 (13) -0.9(7.5) 61 25 34 0.43 (0.26-0.60) 0.58 (0.44-0.72)
Monounsaturated fat (g) 22 (12) 23(10) -0.4(8.6) 56 32 34 0.50 (0.34-0.66) 0.60 (0.46-0.73)
Polyunsaturated fat (g)  13(9.0)  13(8.2)  -0.01(4.84) 57 36 34 0.65 (0.53-0.77) 0.68 (0.56-0.79)
Alcohol (g) 46(85  43(700 -10(20) 74 22 1.1 0.92 (0.89-0.95) 0.90 (0.87-0.94)

A djustments for energy were made using the residual method [18].

Bintraclass correlation coefficients [24] were computed using 1-way ANOVA with random effects.
“Missing values on Medl-Q 2 for 4 participants.

dm ed-Q 1-Meal-Q 2; P=.27-.96 via Wilcoxon signed rank test.
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Figure 3. Bland-Altman plots showing the differences in energy intake assessed with the WFR, Meal-Q, and MiniMeal-Q and the energy expenditure

measured with DLW plotted against the mean of the 2 methods (n=39). Each data point represents 1 participant. The long-dashed line shows the mean
difference. The short-dashed lines show the 95% limits of agreement (mean difference +2 SD).
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Figure 4. Bland-Altman plots showing the differences in energy, protein, carbohydrate, total fat, saturated fat, monounsaturated fat, polyunsaturated
fat, and alcohol intake assessed with Meal-Q and intake assessed with the WFR plotted against the mean of the 2 methods (N=163). Macronutrients are
energy-adjusted using the residual method [18].
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Discussion

Principal Results

This study presents the validity and reproducibility of the new
meal- and Web-based interactive Meal-Q, aswell asasimulated
validation of its shorter version, MiniMea-Q. Both
guestionnaires were perceived as easy to use and had a short
answering time. Trends of varying bias within theintake range
were seen for energy and all macronutrients. Both questionnaires
showed good ranking ability for carbohydrates, total fat,
saturated fat, monounsaturated fat, and alcohol, whereas energy,
protein, and polyunsaturated fat performed less well.
Furthermore, Meal-Q showed fair reproducibility.

Comparison With Prior Work

The Bland-Altman plots of the questionnaires versus WFR and
DLW and the plot on WFR versus DLW showed avarying bias
within the intake range. Energy and polyunsaturated fat both
seemed to be underestimated and overestimated for both
guestionnaires at higher intake levels. For other macronutrients,
the plots indicated that the questionnaires had difficulty
assessing higher intakes. In contrast, quartile cross-classification
with the WFR showed afair ranking agreement for most of the
nutrients, although alower agreement was seen for energy and
polyunsaturated fat. Similar rankings have been seen in 3 other
validation studies of FFQs against food records [25-27]
including aWeb-based method [25]. In nutritional epidemiology,
the association between diet and disease is commonly studied
by ranking the dietary intake; therefore, absolute intake is often
less important than good ranking order [18]. Hence, despite an
underestimation of absolute intake, the ranking agreement for
Mea-Q and MiniMeal-Q suggests they are useful in
epidemiologic studies regarding most nutrients.

The correlations between the questionnaires and the WFR
ranged from 0.18 for energy to 0.74 for alcohol. High
correlations between FFQs and diet records are in the order of
0.6-0.7 and it is unlikely that correlations above 0.8 can be
obtained [28]. A review of FFQs concluded that the mean
correlation with food records of >6 days was 0.42 for energy,
0.57 for total fat, 0.53 for protein, 0.58 for carbohydrates, and
0.76 for alcohol [29]. In light of this literature, energy and
protein seemed to perform less well, whereas other
macronutrients showed correl ations within expected ranges. A
limitation of the FFQ methodology is the predefined number
of food items, frequencies, and portion sizes, which could lead
to a“flattened slope” effect in scatter plots[30]. Thisisaresult
of respondents consuming little food to unintentionally
overreport, and for those consuming a lot to underreport.
Correlationsfrom such datawould be artificially low. However,
atruly small between-person variance would aso give similar
results [31]. Therefore, the low to moderate correlations seen
in this study could reflect a limitation of the questionnaire
design, but may also reveal a true small between-person
variance. Bland and Altman have discouraged the use of
correlation coefficients to evaluate validity because they do not
measure agreement [19]. However, because the use of
correlations in validation studies is widespread, we have
included them to enable comparisons with other studies.

http://www.jmir.org/2013/6/e109/
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The DLW measurements in group 3 showed that the WFR,
Mea-Q, and MiniMeal-Q underestimated energy intake by
17%, 30%, and 36%, respectively. Similar figures for food
records and FFQs have been seen in other studies using DLW
[32-34]. The Bland-Altman plots showed that the
underestimation of energy was considerable for both
guestionnaires and the large variance indicated difficulties in
precision. The underestimation and variance was much smaller
for the WFR. Correlations with DLW were moderate for both
guestionnaires, although the Clswere wide because of thelarge
variance. The correlations were similar to a study by Andersen
et a [35], but dightly lower than that of Kroke et al [36]. Despite
the underestimation and the large variance, quartile
cross-classification with DLW showed afair ranking agreement,
similar to that found by Kroke et al [36].

The moderate to strong quartile cross-classifications of thefirst
and second Meal-Q assessments suggest the questionnaire has
fair  reproducibility. Correlations between repeated
administrations of FFQsin other studies have ranged r=0.5-0.8
[31], and Mea-Q showed similar results. The reproducibility
might have been affected by the short time period between the
Meal-Q assessments, because participantsarelesslikely to have
true changes in intake or response after a short compared to a
longer period [37]. In addition, it is important to keep in mind
that the reproducibility cannot reveal systematic errors, which
can be masked in a high correlation between 2 questionnaires.

The high between-person variance captured by MiniMeal-Q as
compared to Meal-Q indicatesthat it is possible to use ashorter
guestionnaire while gtill assessing a similar intake range and
keeping the ranking ability. Because MiniMeal-Q originates
from Meal-Q data and is also compared to the same reference
methods, their results become highly related. Therefore, caution
must be taken when comparing their assessments and relative
validity.

Regular use of the Internet in Sweden is higher among young
people compared to older people. Among those aged 16 to 44
years, 88% to 94% usethe Internet daily, whereasthe proportion
among the age groups 45 to 54 yearsand 65 to 74 yearsare 82%
to 83% and 38% to 49%, respectively [3]. However, access to
the Internet is high for al age groups—more than 90% for the
young and middle-aged and 67% to 78% for the oldest age
group. It isworth noticing that problems with cognition might
be an issue in very old age groups, athough this would also
hold true for dietary assessment using a paper-based
guestionnaire. Concerns could be raised regarding whether
Web-based questionnaires produce different kinds of bias as
compared to paper-based questionnaires. However, bias
associated with Web-based data collection does not seem to
differ from that of paper-based questionnairesas seeninalarge
Swedish feasibility study of morethan 45,000 participants[38].

Limitationsand Strengths

To estimate the validity of a dietary assessment method, 2
statistical assumptions should be fulfilled. First, the assessed
dietary intake should be linearly related to true intake. Second,
the measurement errors should be independent between the test
and the reference method. In this validation study, variables
were linearly correlated to the WFR, although energy, protein,
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and polyunsaturated fat had a weaker linear relationship. The
guestionnairesrely on memory and have predefined food items,
frequencies, and portion sizes, whereas the WFR does not rely
on memory, isopen-ended, and has direct assessment of portion
sizes. Neverthel ess, the methods are linked to the same nutrient
database and are likewise affected by social desirability, which
could lead to an overestimated validity.

The strengths of this validation study include its large sample
size and few dropouts. There was aso high compliance to the
guestionnaires, the WFR and DLW. Using the DLW method is
an additional strength that enabled an objective estimation of
TEE for the evaluation of energy intake. The digital format of
the questionnaires and the WFR also substantially reduced the
risk of coding errors and missing data. The proportion of
underreporters in this study (14/177, 8%) was notably lower
compared with some other studies[39-42], even if studies have
had proportions in the range of 2% to 85% [43]. The use of
individual PAL values from each participant for the Goldberg
cut-off islikely to have increased the sensitivity [44] and could
be an explanation.

Due to time constraints, the study period had to be kept short.
This could have given an overestimation of the validity because
the questionnaires and the WFR assessments were performed
within a short period of time. Furthermore, the WFR was only
performed once. Ideally, several recordswith independent days
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spread over a longer time period would have reflected the
habitual dietary intake better. However, corrections for
within-person variance in the WFR were made to minimize
day-to-day variation and energy adjustment was made to avoid
variations in intake related to total energy intake. The DLW
measurement should also preferably have been done repeatedly
over a longer time period to reflect habitual energy intake;
however, this was not possible. Furthermore, most of the
participants were women and many were students with a
nutrition background. Also, the self-selection of participants
could have biased the sample in favor of more motivated
participants who are more inclined to give accurate answers
compared to a sample from the general population [45].
Nevertheless, dietary intake from the WFR was in-line with a
Swedish national dietary survey using food records (n=1214)
[42], suggesting that the WFR intake would be comparable to
an assessment within a more general and less-selected
population. Acknowledging the highly educated study sample,
the answering time might have been longer in a less-educated
popul ation.

Conclusions

Meal-Q and MiniMeal-Q are 2 Web-based FFQs shown to be
highly user-friendly. Despite their short answering time, they
had an ability to rank most macronutrient intakeswell compared
with the reference methods. In addition, Meal-Q showed fair
reproducibility.
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Abstract

Background: Despite the physical and mental health benefits, few adults meet US Department of Health and Human Services
physical activity guidelines for exercise frequency, intensity, and duration. One strategy that may increase physical activity
duration isexercising with an Internet partner (ie, someonewho isvirtually present, asin video chat). Internet partners help people
overcome many barriers associated with face-to-face exercise groups (eg, time, coordinating schedules, social physique anxiety).
Past research examining individual performance in groups suggests that an increase in effort occurs when performing a task
conjunctively, ie, when a participant is (1) less capable than fellow group members, and (2) participants efforts are particularly
indispensable for group success (ie, where the group’s potential productivity is equal to the productivity of its least capable
member). This boost in effort is more commonly known as the Kéhler effect, named after the German psychologist who first
observed the effect. While encouragement between group membersis common practice in face-to-face group exercise, the effect
of encouragement between partners exercising conjunctively across the Internet is unknown.

Objective: To examine theimpact of exercising alone, compared to exercising conjunctively with an Internet partner, both with
and without encouragement, on exercise persistence (primary outcomes) and secondary psychosocial outcomes (self-efficacy,
enjoyment, exercise intention).

Methods: Participantswere recruited online and face-to-face from the campus of Michigan State University. With the assistance
of the experimenter, participants (n=115) played an exercise video game in a laboratory, performing a series of five abdominal
plank exerciseswhere they were asked to hold the plank for aslong as possible (Time 1). They were then randomized to a condition
(Individual, Partner-without-encouragement, or Partner-with-encouragement), where they performed the exercises again (Time
2). Theimpact of condition on the primary outcome measures and secondary outcome measureswere eval uated using a2 (Gender)
x 3 (Condition) ANOVA on change scores (Time 2-Time 1).

Results: Thosewho exercised in onlineteams (n=80) exercised significantly longer (time=78.8s, P<.001) than those who worked
individually (n=35). However, exercise duration was shorter when one’s more capable partner gave verbal encouragement (n=55)
than when s/he did not (n=25) (a mean difference of 31.14s). These increases in effort were not accompanied by altered task
self-efficacy, enjoyment of the task, or intention to exercisein the future.

Conclusions: Exercising conjunctively with an Internet partner can boost one’s duration of exercise. However, encouragement
from the stronger to the weaker member can mitigate these gains, especialy if one perceives such comments being directed at
someone other than themselves. To boost exercise duration, Internet-based physical activity interventions involving group
interaction should make relative abilities of participants known and communication clear.

(J Med Internet Res 2013;15(6):€104) doi:10.2196/jmir.2551
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Introduction

Degspite the links between regular physical activity and positive
health benefits [1-7], less than 5% of US adults achieve
recommended levels of intensity and duration [1-8]. Recent
strategies to promote physical activity have harnessed the
Internet, a medium through which the delivery of interventions
can be highly cost-effective, with the potential to reach and
impact a wide audience [9]. However, Internet-delivered
interventionstypically produce only small effect sizes[10] and,
thus, may benefit from supplemental strategies to increase the
intensity and duration of physical activity.

Recent research has highlighted the influential role of socia
factorsin physical activity behavior, including exercising with
a partner [9,11]. When exercising under the right conditions,
exercise partners have been shown to increase the intensity and
duration of exercise by up to 208% [12,13]. Importantly,
exercising with a partner affords the opportunity to encourage
one another, which may further increase the duration of exercise.
However, few, if any, Internet-delivered interventions create
opportunities for exercising in real-time with other exercise
participants.

The purpose of the current study was to test the efficacy of an
Internet partner in increasing exercise duration. Specifically,
we tested whether being the “weak link” on a team with an
Internet partner could motivate oneto exerciselonger than when
exercising alone. Further, we tested whether encouragement
from the partner could motivate one to exercise longer still.

Basic behavioral research in social psychology suggests that
the presence of a superior partner may motivate oneto exercise
longer than they would when exercising alone and further still
if oneis on ateam with that partner and is the team’s “weak
link” [14]. This motivation-boosting phenomenon among the
team’sweak link has been coined the Kéhler effect, named after
the German industrial psychologist who first observed the effect
in his semina work [15,16]. In light of this evidence, we chose
to make partici pants the weak link between them and the Internet
partner and hypothesized that this would lead to exercising
longer than when exercising a one. Although no previous studies
on the Kohler effect have examined the influence of
encouragement on the duration of exerciseintheweak link, we
reasonably hypothesized that encouragement would further
boost exercise duration.

Method

Design

The study used arandomized trial in a3 (condition: individual
control, partner with- encouragement,

partner-without-encouragement) x 2 (performance block: Block
1& Block 2) factorial design. Eligible participantswere students
who had no physical injuries that would prevent or obstruct
their performance during an isometric plank exercise.

http://www.jmir.org/2013/6/e104/

Setting

The study was conducted in a laboratory on the campus of
Michigan State University in the Departments of Kinesiology
and Psychology and was approved by the Institutional Review
Board. Most of the data for two of the conditions (ie, 26
participants in the individual condition and 47 in the
partner-without-encouragement condition) were collected as
part of a study [17] completed about the time we decided to
examine the effect of verbal encouragement (August 2009 to
May 2010). In anew wave of datacollection (August-December,
2010), we not only collected data for the
partner-with-encouragement condition, but also some additional
datain the two other conditions. By contrasting the latter with
those collected for the aforementioned study [17], we could
probe for possible history or cohort effects. We did not expect
any systematic differences between the two waves of data
collection because the lab settings, participant populations, and
proceduresfor both data collection periodswereidentical, except
for the introduction of the manipulation of verbal
encouragement.

Exercise Task

Thetask for this study was an abdominal plank exercise. These
are body-weight resi stance exerci ses where partici pants suspend
their own body weight using their abdominal muscles. These
exercises are also isometric in nature, require very little
coordination, and are highly effort-based. Each exercisetargeted
the abdomina muscles, but therewere dight differences between
each (eg, holding a push-up position on one's forearms vs on
each side; a detailed description of all exercises is provided
elsawhere [12)]).

Theexerciseswere performed as part of an exercisevideo game
designed for the PlayStation 2 (PS2) gaming system asused in
aprevious study [12]. The software used was EyeToy: Kinetic,
a game that offers a variety of fitness activities (eg, yoga,
strengthening exercises, combat exercises). This particular
software operates in conjunction with an additional accessory
called the Eye Toy, designed specifically for the PS2 system.
The Eye Toy isasmall camerathat connects to the PS2 system
viaaUSB cable and allows images of the user to be displayed
on the TV monitor and interact with objects in a virtual
environment supported by the software.

Procedure

A detailed description of experimental proceduresis provided
elsewhere [12]. In the current study, we simply describe the
basi c procedure and note how the encouragement manipulation
was achieved.

After arriving at the laboratory, participant consent was obtained
and all were ensured of the confidentiality and voluntary nature
of their participation. Participants then watched a brief
instructional video from the PS2-Eye Toy: Kinetic softwarein
which a virtua trainer demonstrated the five exercises. A
baseline measure of self-efficacy wasthen taken using an online
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guestionnaire completed in the laboratory. Participants were
asked throughout the session if they understood all instructions
and, if not, the experimenter addressed his’her questions. All
participants then performed thefirst block of exercises, holding
each of thefive exercisesfor aslong asthey could and with 30s
rest periods between each exercise. Immediately after each
exercise, the participant announced his/her perceived exertion.
All participants were given veridical feedback on their
performance (ie, the average of the number of secondsthey held
each exercise).

The condition manipulation was introduced at this point.
Participants in the individual control conditions simply rested
for 10 minutes. Participants in the partner conditions weretold
that another participant was being run simultaneoudly at another
lab on campus and that the 2 participants would be able to see
one another over an Internet video connection during future
trials. The participants then met briefly with that other same-sex
participant in a controlled Skype-like interaction (we will refer
to that other participant hereafter as “the partner”). In reality,
the partner was an experimental confederate whose side of the
interaction was prerecorded. After the interaction, participants
were aso given bogus feedback on how well the partner had
done on thefirst trial. That feedback score was manipulated to
be 1.4 times the participant’s own actual performance. This
discrepancy was chosen based on previousresearch that suggests
that this moderate discrepancy leadsto the greatest increasesin
exercise duration (ie, the greatest Kohler effect) [18,19].

Participants were told that they and their partners would be a
2-person exercise team. In the encouragement condition, both
teammates were told that they would have the opportunity to
communicate with each other during the exercises but that, due
to technical problems, this capability would be provided only
for the partner. Thus, ostensibly both could speak, but only the
partner would be heard by the subject. No mention was made
of any audio link between partners in the no-encouragement
condition. For both partner conditions, it was further explained
that they were working towards a team score, where the team
score would be the persistence score of the first teammate to
quit an exercise (ie, as soon as either partner quit, the exercise
was over). This task structure is more commonly known as a
conjunctive task—when the group’s performance is defined by
the performance of the least-capable member (ie, the “weak
link™). Following these instructions, all participants responded
again to the self-efficacy measure.

Block 2 then commenced. In the individual control condition,
the participants could only see him/herself on the screen, as
during Block 1. In the partner conditions, the participant could
seethe partner’ simage (which was actually prerecorded) before
and during the exercise; the participant believed that the partner
could likewise see his/her (the participant’s) image. Theimages
available to the participant suggested that s/he was aways the
first to quit each exercise. The video link was allegedly frozen
as soon as either teammate quit an exercise and until just before
the start of the next exercise; hence, the participant knew only
that his/her partner had been able to persist longer, but not just
how much longer. In the encouragement condition, a
prerecorded series of phrases of encouragement was played
through a set of computer speakers controlled by the

http://www.jmir.org/2013/6/e104/
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experimenter. The phrases were audible approximately every
15s (+3s) and followed the following fixed progression: “you
candoit”, “yougot this’, “keepit going”, “you’'re doing good”,
“stay strong here”, “giveit your best”. After Block 2 was over,
the participant completed a series of questionnaires
(self-efficacy, intention to exercise, enjoyment of physical
activity, and manipulation checks). S/he was then debriefed,
thanked, and excused.

M easures

Duration of Exercise

Duration of exercise was measured via the total number of
seconds that the exercise was held. Block scoreswere calculated
by taking the summed total of the five exercises within each
trial.

Self-Efficacy

Task self-efficacy (SE) was measured with a scale devel oped
specifically for this program of research using an online
guestionnaire. The measures contained five items, each
corresponding to one of the five exercises within each trial. All
itemswere preceded by the stem “What isthe number of seconds
that you are completely confident you can hold” followed by
“Thefirst exercise”, “the second exercise”, and so on for each
of the five exercises. Respondents wrote in the number of
seconds in ablank box following each item. The questionnaire
was administered at threetime points: once before Block 1 (after
the participant had watched a brief instructional video
demonstrating the exercises), a second time after Block 1 but
before performing the five exercisesat Block 2, and athird time
after Block 2. A total SE score for each trial was calculated by
taking the sum of the five items within each trial.

Ratings of Perceived Exertion

Ratings of perceived exertion (RPE) was measured using the
6-20 version of the Borg RPE scale[20]. The scaleranges from
6-20 where 6 means“no exertion at al” and 20 means*“maximal
exertion”. Participantswere asked to verbally ratetheir exertion
at the end of each exercise, with particular reference to their
perceived exertion at the moment right before the end of the
exercise.

Task Enjoyment

Task enjoyment was measured using a short 8-item version of
the Physical Activity Enjoyment Scale (PAES) using an online
guestionnaire [21]. Each item was rated on a 7-point bipolar
scale beginning with the stem “ Please rate how you fedl at the
moment about the physical activity you have been doing
according to the following scales’ (eg, 1="1 loved it"; 7="1
hated it”). Previous studies have shown high correlations with
the longer, 18-item scale (r=.94) [22] and strong reliability
(Cronbach alpha=.91) [23].

I ntention to Exercise

Adapted from another measure [24], intention was assessed
with asingle item, “I intend to exercise tomorrow for at least
30 minutes’ on a scale of -3 (“Not at all true for me”) to +3
(“Completely true for me”).
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Postexperimental Questionnaire

Besides some questions checking participants' understanding
of theinstructions and procedures, there were questions probing
their perceived task ability, a rating of task difficulty, and a
rating of effort expended on the task, each made on 8-point
scales. Participantsin the partner conditions were also asked to
rate their partner’s relative ability on a 9-point scale (where
1="1 am much more capable” and 9="my partner is much more

capable”).
Plan of Analyses and Participants

Following the methods of analyses done in earlier studies,
exercise duration was taken as the sum of the time each
participant held the five exercises within each block, producing
aBlock 1 and Block 2 score. There are, of course, individual
differences in fitness, intrinsic task interest, and strength that
we wished to control for. This can be done in different ways.
In many prior studies[14,25], participants’ Block 1 performance
has been used as a baseline and difference scores (ie, Block
2-Block 1) were the primary dependent variable, one that
expressed each participant’s Block 2 score relative to his/her
Block 1 score (the latter baseline score reflected individual
differences in fithess and strength). An alternative (less
vulnerable to certain problems that can arise from the use of
difference scores, eg, [26]) isto use Block 1 scoresasacovariate
in the analysis of Block 2 scores. Here, we present the results
using the former difference-score method because the mean
values presented for such an analysis are more directly
understood and interpreted than means adjusted for acovariate.
But the reader should note that an identical pattern of resultsis
obtained with either method.

The analyses of the exercise duration data was to proceed in
two stages. The first was to check whether there were any
history or cohort effects attributable to the interval between the
two data collection waves. It employed a 2 (Condition:
Individual vs partner-without-encouragement) x 2 (Sex) x 2
(Data collection wave: Early vs Late) ANOVA on exercise
duration difference scores (ie, Trial 2 duration-Trial 1). Although
overall sex differences in the magnitude of the Kohler effect
are rare, some interesting sex effects have been reported, eg,
[25]; hence, participant sex was included as an experimental
factor. Thisstage 1 analysiswould permit both confirming with
the larger dataset that the Kohler effect originally reported in
Kerr et a [17] and checking whether its magnitude differed
between the participants drawn from Kerr et a [17] and those
newly recruited in the same experimental conditions for the
present study. The second stage was designed to examine the
primary question addressed by this paper—would verbal
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encouragement to the weaker partner alter the Kéhler effect? If
there were no data-wave moderation effects, as anticipated, we
planned to drop the datawave factor and add the
no-encouragement condition in a 3 (Condition: Individuals,
Partner-without-encouragement, Partner-with-encouragement)
X 2 (Sex) ANOVA on exercise duration difference scores.

Although our primary focus was on exercise duration, we also
examined severa other variables, primarily to determine if
encouragement altered any of the effects previously observed
[12,17] when no encouragement was provided. For those
variables collected at the end of the study (ie, task effort, intent
to exercise, own task ability), the analyses would employ 3
(Condition) x 2 (Sex) analyses of variance; since the individual
participants had no partner, this became a 2 (Condition:
Encouragement vs No-encouragement) x 2 (Sex) ANOVA for
ratings of own ability relative to one’'s partner. For those
variables (ie, perceived effort, self-efficacy) collected during
the exercise trials, a within-Ss Block factor was added to the
ANOVA. Finaly, a covariate (ie, the pre-exercise estimate of
task self-efficacy) wasincluded in the analysis of self-efficacy.

Results

Students were recruited from introductory psychology (online)
and kinesiology courses (online and face-to-face) at a large
Midwestern university and were given course credit for their
participation. Students were recruited based on their interest in
getting agood workout and were told that they would be playing
an exercise video game and performing abdominal plank
exercises for as long as they felt comfortable. The final total
sample consisted of 115 participants (58 male, 57 female)
college students (mean age 20.31, SD 3.26; see Figure 1). No
participants dropped out of the study before completing their
Session.

Asnoted earlier, the participant pool and methods of recruitment
were identical for the two waves of data collection, and
participants were randomly assigned to conditions (single blind)
within each wave using a randomization function on Microsoft
Excel generated by one of the primary investigators. Hence, we
expected rough equivalencein participant characteristics across
waves and conditions. This could be checked for the two
characteristics collected in the study—age and year in school.
Asexpected, when the five combinations of wave and condition
were compared in analyses of variance, there was no hint of
between wave/condition differences (all Ps>.15). Overall, the
average participant was asophomore/junior (mean of 2.45where

1=1% year, 2=2" year, etc) aged 20.3 years (SD 3.3).
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Figure 1. Participant flow.
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| 15 students were screened for eligibility
and underwent randomization

Individual | |Conjunctive- no| |Conjunctive- with
control encouragement | | encouragement
Participants from n=26 n =47
Aug 2009-May 2010 | (| | m, | 5f) (24m, 23f)
Participants from n=9 n=25 n=28
Aug-Dec 2010 (6m, 3f) (13m, 12f) (4m, 4f)
Total n=35 n =25 n=125
(17m, 18f) (13m, 12f) (28m, 27f)

Exercise Duration

Theinitial stage 1 analyseslooked for possible history or cohort
effects attributable to the interval between the two data
collection waves. A boost in exercise duration (ie, the Koéhler
effect) was evident (Condition main effect F; ,5=39.53, P<.001,
partial eta squared=.33); whereas due to fatigue, Individual
condition participants persisted 39.4s less at Block 2 than at
Block 1, and participantsin the Partner-without-encouragement
condition persisted 61.0slonger, aKohler effect of 100.4s. More
importantly, there were no significant effectsinvolving thewave
factor. Thus, the magnitude of the Kéhler effect in the absence
of partner encouragement was comparabl e within each wave of
data collection. Hence, the data for these two waves were
combined in al subsequent analyses.

http://www.jmir.org/2013/6/e104/

In the primary stage two anayses, the data for the
Partner-with-encouragement condition was included to see
whether and how adding verbal encouragement might affect
the duration-boosting effect. The 3 (Condition: Individuals,
Partner-without-encouragement, Partner-with-encouragement)
X 2 (Sex) ANOVA on difference scores resulted in only one
significant effect: the Condition main effect, F,;05=28.79,
P<.001, partia eta squared=.35. Again (see Figure 2), the
Individuals showed adeclinein exercise duration across blocks
(estimated marginal mean of -42.2s, SD 54.2), whereas partners
exercised longer in the second block, whether there was (19.49s,
SD 59.30s) or was not encouragement (53.63s, SD 58.44). Post
hoc Dunette tests indicated that the difference between
Individuals and Partners was significant (P<.001) in both partner
conditions. A Newman-Keuls post hoc test indicated that this
effect was significantly smaller (34.1s) in the
Partner-with-encouragement condition.
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Figure 2. Condition Block 2 - Block 1 exercise duration means.
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Ancillary Analyses

Exercise Self-Efficacy

PostBlock efficacy judgments (sum of number of seconds
participants estimated they could persist at all 5 exercises) were
examined in a 2 (Block: postBlock 1, postBlock 2) x 3
(condition) x 2 (sex) ANCOVA, which used the preBlock 1 SE
score as a covariate (ie, the participant’s estimated persistence
at the five exercises collected prior to the first block of
exercises). The latter should reflect and control for chronic
individual differences in perceived self-efficacy a such
exercises. Asin previous studies, therewas aBlock main effect,
F105=13.74, P<.001, partial etasquared=.12. Participants were
less sanguine about their prospects for persisting after Block 2
(adjusted mean=149.8s; SD 83.53) than after Block 1 (adjusted
mean=188.4s, SD 104.1). Although condition affected actual
persistence, it showed no effects on participant’s expectations
of what they could do in the future.

Subjective Effort

Two variableswere relevant here—ratings of perceived exertion
(RPE), averaged across exercises within blocks (for Block 1
alpha=.93, for Block 2 apha=.96), and the postexperimental
rating of effort expended at the task. A 2 (sex) x 3 (work
condition) x 2 (block) analysis of the RPE data found that
participants reported greater exertion at Block 2 (14.75; SD
1.97) than Block 1 (13.88, SD 1.89; F 104=74.34, P<.001, partial
etasquared=.42), as one might expect given the fatiguing nature
of the task. This effect was also stronger in the partner
conditions (block difference mean of 1.33 in the encouragement
condition and .93 in the no-encouragement condition; these did
not differ significantly, ie, P=.11) thanin theindividual controls
(.36, Block x Condition F,;0,=6.76, P<.01, partial eta
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squared=.12), in line with the objective persistence results. A
3 (condition) x 2 (sex) ANOVA on ratings of how much effort
had been expended, collected at the end of the experiment,
produced no significant results.

Task Evaluation

Anoverall task enjoyment measure was computed based on the
8 items of the PAES scale (apha=.86). The grand mean (4.68,
SD .97, on the 8-point scale) was not significantly different
from the scale midpoint (4.5), suggesting that participantswere,
at worst, indifferent toward the exercise task. There were no
significant effects in a 3 (condition) x 2 (sex) ANOVA of this
measure—working harder at the task with a partner did not
appear to undercut participants’ enjoyment of it. Participants
postexperimental rating of the difficulty of the task suggested
that they viewed it as moderately difficult (grand mean 4.90,
SD 1.65, significantly above the scale midpoint, P<.05). There
was aso a significant condition main effect on this measure,
F2100=3.63, P<.05, partial eta squared=.07). Post hoc Scheffe
contrasts indicated that the task was rated as significantly
(P<.05) more difficult in the no-encouragement condition
(5.27)—where actual effort had been maximal—than in the
individual condition (4.34), with the encouragement condition
faling in between (5.10) and differing from neither of the
remaining conditions.

I ntention to Exercise

Overdll, at the end of the experimental session, participants
expressed a positive intent to exercise for at least 30 minutes
the following day. The grand mean was 1.61 (SD 1.70) on the
7-point scale anchored by -3 (“Not at all true for me”) to +3
(“Completely truefor me”); thiswas significantly (P<.05) above
the midpoint of the scale. However, there were no significant
effectsin a3 (condition) x 2 (sex) ANOVA of these intentions.
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Perceptions of Task Ability

In the final questionnaire, participants were asked to rate their
own ability (on an 8-point scale) and in the partner conditions,
to rate their partner’s relative ability (on a 9-point scale where
0="Not applicable. | didn't have a partner”, 1="1 was much
more capable” and 9="My partner was much more capable”).
A 3 (condition) x 2 (sex) ANOVA of own ability ratings
produced a significant condition effect, F,;0,=6.36, P<.01,
partial eta squared=.11. After receiving consistent feedback
indicating that they were inferior to their partner, participants
inthe partner conditionsfelt less capable (encouragement=>5.26,
no-encouragement=5.16) than the individuas (6.52) who had
no partner. A Newman-Keuls post hoc test indicated that the
two partner conditions did not differ significantly, so receiving
encouragement from a partner did not alter participants’ sense
of their own task ability.

However, the encouragement manipulation did affect
participants’ perceptions of their partner's ability. A 2
(encouragement vs no-encouragement) x 2 (sex) ANOVA of
partner relative ability ratings reveal ed astrong condition effect,
F17,=10.18, P<.01, partial eta squared=.13. Participantsin the
no-encouragement condition reported that their partner was
significantly more capable (7.15) than those in the
encouragement condition (5.60); the latter mean did not differ
significantly from the scale midpoint of 5.0, a rating that
signified equal capability between teammates. This condition
effect was also qualified by participant sex, sex x condition
F17,=6.98, P<.02, partial etasquared=.09; it was considerably
stronger for males (condition difference of 2.87 for males vs
.27 for females). Overall, females rated their partner’s ability
higher (7.14) than males did (5.60), with sex main effect
F171=9.72, P<.01, partial etasquared=.12.

Discussion

The purpose of this study was to test the efficacy of a superior
Internet partner (with and without encouragement) asastrategy
for increasing the duration of exercise. Consistent with previous
studies [12,13], after controlling for individual differencesin
strength, participants who simply exercised with a partner as
the weak link persisted longer (on average, 78.8s) than those
who exercised by themselves, a gain of 33.6%. This is a
considerable gain for those performing a strenuous, isometric
exercise where the goal is to increase strength and for those
striving to meet national physical activity recommendations
[27]. Furthermore, and although one might reasonably expect
encouragement to boost effort at the task, we found that such
encouragement mitigated, but did not eliminate, the
effort-boosting effect of being the weak link. These findings
suggest that being the weak link with asuperior Internet partner
may be a useful strategy for increasing exercise duration, but
that at least some forms of encouragement from a superior
partner may only be minimally motivating compared to
exercising aone and, compared to exercising with a
moderately-superior partner, may actually be de-motivating.

The fact that encouragement attenuated the duration-boosting
effect of being the weak link could be explained by a few
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competing explanations. First, at the outset of the study, we
reasoned that receiving positive encouragement could bolster
one's self-efficacy [28] and/or perceived ability and that this
increase could have one of two effects on exercise duration.
First, a boost in self-efficacy could lead to increases in effort,
as has been shown in a number of performance-based studies
[29,30]. However, we found no boost in self-efficacy in either
partner  condition. Conversely, we reasoned that
efficacy-boosting feedback could also undermine effort, either
by being so inconsistent with actua relative performance that
one givesup or by leading to an overly confident belief in one's
capabilities and thereby undermining the desire to compare
favorably with one€'s partner [31]. Indeed, we observed
significant differences in effort between the two partner
conditions. However, no such increases in self-efficacy or
perceived ability were found between the two partner conditions.
Thus, changes in self-efficacy/perceived ability did not likely
account for the attenuation of the duration-boosting effect in
the encouragement condition. That encouragement did not have
an effect on one’s self-efficacy does not come as a surprise, as
feedback regarding one’'s own performance (ie, mastery
experiences) is typically more influential than verbal
encouragement in affecting one'sjudgments of his/her abilities
[28]. Thus, it is likely that feedback indicating the partner’'s
superiority on Block 1 and the constant and veridical
performance feedback indicating that subjects were being
outperformed by their partner on Block 2 overrode or diluted
any potential efficacy-boosting effect of positive encouragement
offered by the partner.

Second, it was also possiblethat receiving encouragement from
a superior other might be interpreted as condescending or
patronizing [32], which could result in negative judgments of
one's partner or aversion to the task. Unfortunately, in the
current study, we did not take any explicit measures of the
subjects’ interpretations of the partner’s statements. However,
subjects who received encouragement enjoyed the task equally
as much asthose who did not receive encouragement. Thus, the
differencesin effort between the two conditions was likely not
due to the subjects interpretations of the encouragement as
unfavorable, but clearly future studies should measure judgments
of one's partner to further and more explicitly explore this
possibility.

One last possibility was that encouragement from a superior
partner would beinterpreted not asteammate support, but rather
a method of self-encouragement. This could be expected
especidly if the intended target of the partner’s message was
somewhat ambiguous, as could be the casein the current study
(eg, “You candoit”; where“you” could be taken to be directed
at the partner or one's self). Interpreting the message as
self-encouragement might suggest to the participants that the
supposedly superior partner wasin fact struggling with the task,
thereby creating doubt in the degree of the partner’s superiority.
When one believes that his/her partner’s ability is equal to or
only dlightly greater than one's own, there may be little to be
learned or gained by trying to match the partner’s performance
[18]. In the present study, despite all the performance feedback
suggesting that their partner was superior in ability, by the end
of the experiment, those in the encouragement condition
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perceived themselves as comparable to their partner in ability.
This strongly suggests that participants in this condition took
their partner’s verbal comments (eg, “you can do it”) not as
encouragement directed from a more to aless capable partner,
but rather as signs that the partner was him/herself struggling
with the task and was engaging in self-encouragement.

There are a number of implications of this study for physical
activity promotion. First, while many studies have shown the
effectiveness of group-based approaches to physical activity
promotion [33], few have systematically looked at the basic
underlying mechanisms behind this strategy. In this study, we
do so and identify with whom (a moderately superior partner)
and under what conditions (when one is the “weak link”;
exercising with an Internet partner; no encouragement)
exercising in groups can boost one's effort and ultimately the
duration of exercise. Second, as more physical activity
promotion strategies are moving to digital modes of delivery,
this study contributesto a body of basic research that provides
fertile ground on which to base algorithms for electronically
mediated, group-based physical activity interventions (eg,
customized computer-generated partners, match-making
applications). The current study suggests that when
communication is part of such a partner- or group-based
intervention, designers should facilitate clear and unambiguous
communi cation between partners (eg, constrain communication
to have the desired effort-boosting effect, perhaps by forcing
partnersto select from afixed set of text messages).

Of course, this study has its limitations. The study was
conducted in a highly controlled laboratory setting, and it may
be premature to suggest that these findings generalize to
free-living conditions and other populations who are more
physically inactive. Second, subjects were recruited through
both face-to-face and web-based systems, and because we did
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not code participants for how they were recruited, we were
unable to control for any individual differences between
recruitment strategy (eg, being recruited via Internet may have
selected for people who are more motivated to work out alone).
Third, although we found that being the weak link can motivate
participantsto exerciselonger, it isnot clear if the same strategy
could have the same positive impact on other dimensions of
physical activity behavior (eg, frequency and intensity of
exercise). Last, we tested participants in only one session of
exercise, and repeatedly being the “weak link” over several
sessions may actually be de-motivating [34]. We should note,
however, that some of the potential limitations have been
addressed in other studies. For instance, researchers have
recently observed the effort-boosting effect of asuperior partner
in other physical activity tasks and conditions, such as duration
of aerobic exercise [13] and performance in swimming relay
competitions, respectively [35]. Further, there is evidence to
suggest that being the weak link over several exercise sessions
can actually strengthen the effect, leading to increasingly longer
bouts of exercise with each successive bout [13].

Conclusion

The current study corroborates a growing body of research,
which showsthat exercising with amoderately superior Internet
partner astheweak link can boost effort and |ead to longer bouts
of exercise[12,13], whether or not partners communicate with
one another. However, such effort-boosting effects can be
mitigated when superior partnerstry to encourage weaker group
members, especidly if this encouragement undermines the
weaker member’s perception of the superior ability of hisher
partner. Future research should examine the effects of a wider
range of messages, exercisetasks, and conditionsto help inform
the design of group-based, electronically mediated physical
activity interventions.
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Abstract

Background: Increasing numbers of people living with a long-term health condition are putting personal health information
online, including on discussion boards. Many discussion boards contain material of potential use to researchers; however, it is
unclear how this information can and should be used by researchers. To date there has been no evaluation of the views of those
individuals sharing health information online regarding the use of their shared information for research purposes.

Objective: To explore the views of contributors to online diabetes discussion boards with regardsto if (and how) they fedl their
contributions to boards should be used by health researchers.

Methods: A qualitative approach was employed using online semistructured asynchronous (email) interviews. Interpretative
description methodol ogy was used to assess the interview transcripts, and quotations were extracted and anonymized to support
each theme.

Results: 26 interviews were carried out. Participants agreed that forum posts are in the public domain and that aggregated
information could be freely used by researchers. This was agreed to be a good way of ensuring that the view of people living
with diabetesis being heard in research. There was no consensus on the need for permission to use individual information, such
as quotations, with some people happy for thisto be freely used and others feeling that permission is necessary.

Conclusions: Participants acknowledged the dichotomy of having placed information into the public domain in an unrestricted
way, with some interviewees also wanting to retain control of its use. The Internet is a new research location, and rather than
trying to apply traditional ethical norms to this new genre, a new modus operandi is required. The authors propose introducing
new norms for presenting research carried out with online discussion boards.

(J Med Internet Res 2013;15(6):€112) doi:10.2196/jmir.2435

KEYWORDS
social media; research ethics; health; research design

: rehearsing a comprehensive history of the Internet, it has
Introduction progressed from arelatively closed community of people who

The widespread use of the Internet throughout modern society ~ needed sometechnical knowledge or skillsto used shared spaces
has led to individuals being able to connect with others with ~ Such @ Bulletin Boardsand MUDSs (multi-user domains), to an
the same health condition asthem on aglobal scale[1]. Without UPiquitous user-friendly  network —with socid  spaces
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characterized by easy-to-use discussion boards and social media
sites. This permeation has significantly affected the nature and
extent of the user base, who now need little knowledge and few
skills. One of the first attempts to measure Internet and Web
use was carried out in 1996 [2], and although there was debate
about the accuracy of extrapolating the survey data to the
population of North America, final figures were agreed to be
approximately 19.4 million Internet usersand 14.6 million Web
users. This represented approximately 7% of the population.
By 2012, this had risen to around 88% of the population [3].

This change can also be seen in the health arena. Websites
provide information and advice for most long-term health
conditions [4-6], and many of these contain discussion boards
where people can share experiences and support each other
[7-9]. The evolution of the Internet from a limited, technical
resource to today’s dynamic “Web 2.0” where people are able
to share information means that increasing numbers of people
living with a long-term condition are now putting personal
health information into the public domain, including on
discussion boards [10].

Online discussion boards contain material that is potentially of
use and of interest to researchers, especialy to researchers
interested in the experiences of those living with a long-term
condition. Issues such as self-management, concordance with
medicine and other regimes, and interactions with health care
professionals are all discussed freely in these forums, with
hundreds and sometimes thousands of individuals contributing
their opinions on a certain topic. However, in keeping with
studies conducted on any cohort, researchers must adhereto the
appropriate ethical guidelines when conducting their research
[11].

One of the early attempts to establish some ground rules for
ethical online research was madein 2002 by the Association of
Internet Researchers (AolR) [12]. Since this research was
undertaken, these recommendations have been updated [13].
The report authors acknowledge that much has changed in the
field of Internet studies over the period between the versions,
including amultitude of devices and the " interweaving of online
and offline activities and experiences’ (p. 2). These guidelines
addressthe challenge of trying to apply the concept of a“human
subject” to an online environment but are generic in discipline
terms and do not specifically address health research.

The European Commission’s Information Society Technologies
(IST) Programme funded the RESPECT project [14], which
drew up professional and ethical guidelines for carrying out
socioeconomic research. The RESPECT guidelines reinforced
the methodol ogical challenges associated with online research
(identifying dangers of conducting research in this manner) but
stopped short of giving specific information tailored to the needs
of online communities.

In the United Kingdom, the Department of Health’s Research
Governance Framework for Health and Social Care has set out
the expectations for those studying NHS (National Health
Service) patients, their carers, and significant others[15]. The
overarching expectation isthat “ The dignity, rights, safety and
wellbeing of participants must be the primary consideration in
any research study” [15]. However, this framework does not
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include specific mention of how these principles are best applied
in the online environment.

Sharing health information online has brought about new
opportunitiesfor researchers and health professionals, providing
a repository of information that has the potential to help
clinicians better understand the needs associated with specific
clinical populations. It has been suggested that health researchers
have been slow to seize the opportunities of online research in
comparison to disciplines such as media studies [16] and that
ethical issues are partly responsible for this. This has been an
ongoing debate. In 2000, two researchers [17] published an
exploration of the dilemmas they faced in trying to carry out
research within a list serve-based community. In 2007,
Whitehead [ 18] found that the research community was divided
about the correct approach to take when considering the ethical
issues, and in 2009, Holmes [19] was of the opinion that the
ethical standardsfor Internet research were not well developed.
The discourse relating to the ethical use of information shared
online has centered upon the views and experiences of
researchers [20-22] and has not been focused exclusively on
health information.

One of the first discussions about the ethics of health research
onlinewasin 2001 [23], and although thiswas before Web 2.0,
the challenges identified are till relevant, asis the conclusion
that best practice guidelines are needed. Theissue of how ethical
principles can be applied to online health research has provided
a challenge to researchers [24]. Much of the work undertaken
to date, such as the AolR guidelines [13], has been devel oped
in consultation with researchers.

To date, the views of those posting health information online
in relation to how they anticipate the information they post being
used has not featured significantly in the debate. Eysenbach and
Till [23] reviewed comments posted on health-rel ated discussion
boards in 2001, concluding that members of Internet
communities do not expect the posts they make to be used by
researchers. Thisresearch identified theissue of the blurring of
public and private spaces when using health-related discussion
boards. Since that study, there has been arapid growthin online
interactionsfor health-related purposes[25], with recent figures
suggesting up to 80% of Internet users have searched for health
information online [26]. The emergence of social networking
sites has had a huge impact on how individuals communicate
and share heath information online. The largest social
networking site, Facebook, which was launched only in 2004,
currently has more than 1 billion active users [27] and its use
for health-related purposes has been reported for many
conditions [28-30]. The extent to which individuals across the
world are now using online spaces to share health information
was unimaginable when questions relating to ethical issuesin
using online places for research were first identified.

In order for researchersto be able to understand what constitutes
the ethical use of online health information, it is important to
address the lack of evaluation of the views of those posting
health information online. This study seeksto bring their voices
into the knowledge base by examining the views of peopleliving
with diabeteswho share health information on online discussion
boards. The goal of this study was to undertake semistructured
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interviews with users of online diabetes discussion boards, in
order to better understand their views towards how the
information that they share in these forums is used by
researchers.

Methods

Ethical Approval

Ethical approval for this study was granted by the Ethics
Committee of the School of Hedth and Socia Care,
Bournemouth University [31]. Data collection commenced in
April 2012 and concluded in May 2012.

Study Design and Participants

The study used online semistructured asynchronous (email)
interviews [32]. Both CSB, the primary investigator (PI) and
the project researcher, OHA, had experience in online
interviewing techniques. The target number of 24 participants
was set prior to recruitment, with the ability to increase this
should the need arise. Deciding how many interviewsto conduct
for qualitative research isan inexact science and very dependent
on the context [33]. Drawing on previous experience, it was
correctly anticipated that saturation of data would be reached
by this stage.

Identification of Participants

Figure 1 outlines how participantswereidentified and recruited
into the study. Four active diabetes forums were identified by
the Pl and chosen to recruit participants into the study. Four
forums were selected to ensure that any particular character or
interests on aboard would have undueinfluence on thefindings.
None of these forums required membership in order to read the
posts; however, two of the groups did require membership in
order to post on the forum. Moderators and administrators of
the forum were approached prior to posting on the forums in
order to gain their approval for posting for research purposes.
These moderators and administrators were also asked if they
were willing to participate in the study themselves. Thisled to
participants having arange of posting experience encompassing
community leaders to occasional contributors.

Inclusion/Exclusion Criteria

Participantswere eligiblefor inclusion in the study if they were
an active member on one of the forums identified in the study.
Active was defined as having made at |east one post. Therewere
no exclusions other than, as the interviews were conducted in
English, people who were not sufficiently fluent in written
English were unable to participate.

Recruitment

CSB and OHA posted in each of theforumson different threads
within the forum in order to give the recruitment posts more
publicity. The recruitment posts described the study and
provided our contact details. Individuals interested in
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participating were invited to contact us by email for more
information. Onceinterested individual s had made contact with
the research team, they were sent a brief overview of the study
aong with an information sheet. Following this, if the
participants were happy to participate, they were sent the first
interview questions by email and the interview was started.

Data Collection

The data from participants were collected using asynchronous
semistructured interviews [32]. The semistructured nature of
these interviews meant that similarly themed information was
collected from the participants, while the fact the interviews
were asynchronous enabled participantsto respond to questions
intheir own time (but within the time constraints of the research
program).

Participants were sent several emails during the course of the
interview with each email containing 1-2 questions. The
guestions (see Multimedia Appendix 1) aimed to ascertain
whether participantsfelt it was acceptabl e for researchersto use
information on health discussion boards, what permission should
be sought prior to using thisinformation, and whether the length
of time since the post was made influenced the need to obtain
permission. Once the participants had answered al of the
guestions, they were thanked for their contributions and their
participation in the study was over.

Data Analysis

A qualitative approach using interpretative description [ 28] was
employed to assess the responses to the semistructured
interviews. An inductive approach was adopted, allowing the
themes to emerge from the data rather than testing previously
identified themes on the data. The rigor of this analysis was
based on Guba and Lincoln's principles of credibility
confirmability and dependability [34,35]. This was achieved
through prolonged engagement with sufficient depth of data;
peer debriefing and analysis of materials; linking assertions,
findings, and interpretations with the data and third party
auditing of the data collection and analysis process. The process
is set out in a flow chart (Figure 2) highlighting the stages in
the process of analysis. CSB and OHA read each transcript
several times independently and loosely attributed themes to
the data with no consultation occurring between the assessors
at this stage. Discussion was then undertaken to compare the
themesidentified and to resolve any areas of disagreement with
theme all ocation. Quotations were extracted to support themes,
and each participant was assigned a number (eg, PO4) when
using the supporting quotations. Following this process and the
identification of themes, their findings were sent to the other
members of the research team (BT and MH) in order to verify
the themes. In view of the lack of consensus on some issues
among the study participants, a final check was carried out by
someone not previously involved in the analysis (JHT) who
reviewed the themes and conclusions to ensure consistency.
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Figure 1. Participant recruitment and consent process.

Discussion boards identified by primary investigator
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Requests for participation posted on the discussion boards selected

-

Potential participants email research team to express interest

-

Research team reply by email and send information sheet

-

Participant replies by email and consents to participating in study

-

Participant entered into study

Figure 2. Dataanalysis process.

Interview transcripts given to both assessors
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Multiple independent readings of transcripts by assessors
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Independent identification of themes by assessors
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Comparison of themes and discussion between assessors
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Final confirmation of themes
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Results

Following the requestsfor recruitment posted on the discussion
boards, 33individuals expressed an interest in participation and
were contacted by the research team. After thisinitial contact,
30 participants consented and responded to at least one question
intheinterview sequence, whilefour participantswho consented
did not complete the interview questions and did not respond
to further follow-up prompts. The remaining 26 participants
completed al of the semistructured interview questions and
their answers were included for analysis.

It was anticipated that each of the interviews would be
completed in a short space of time, and all of the interviews
were completed in less than 10 days. Of the 26 completed
interviews, 12 participants were identified (from their
username/email correspondence) as being male, 9 as being
female, while it was not possible to classify the remaining 6
participants from their username/email correspondence.

Following the analysis of the interview transcripts, several key
themes emerged.

TheViewsof PeopleLiving With Diabetes AreNeeded

Therewas general support for people using information posted
on discussion boards in research. The need for people living
with diabetes to have a voice was clearly felt by respondents:
“it's nice to see that someone takes note of what we, the
diabetics have to say” (P23) and

| think that thistype of informationisvital to any type
of research. Patients opinions are often not “ heard”
because of time constraints etc., these forums give an
insight into what we feel we need fromour HCPsand
just as importantly...what we don’'t need! [P26]

| have no reservations about your mining information
fromforums...it will provide much information about
the human side of illness and how individuals singly
and collectively approach and cope through sharing.
Dare | say its importance cannot be understated.
[P27]
There was also an altruistic view that this use should be for the
“genera good”: “ presuming the research isfor the general good
and benefit of many” (P12) and

| think I’ m probably happy for you to use direct quotes
from my comments without permission, providing it
isfor research purposesand not for commercial gain.
[P4]

Posts Made Arein the Public Domain

It was generally accepted by participantsin this study that once
information is posted on a forum, it is available to the public
and thus could be accessed and used for research purposes:
“Simple — it's the Internet! Everything posted on the site is
automatically in the public domain and available for anyoneto
read” (P15).

Some people acknowledged that the nature of online
communities could create a different impression: “As a poster
you redly only think you're saying things to the forum
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community but of course you are saying it to a far wider
audience” (P29).

Some respondents struggled with the dichotomy in their
responses:

As someone who uses an Internet forum, on the one
hand I’m happy for my information to be available
publicly and for free to anyone who might need it,
and on the other hand | wouldn’t appreciate that
information contributing to something beyond
“personal use” without my knowledge. Although at
the same time, like any author, | have to be aware
that that almost certainly will happen and | really
have no control over what I’ve written once it's out
there for anyone to see. [P16]

Having acknowledged that they were putting information into
the public domain, two more related themes emerged. Some
people felt it could be used unreservedly, while others still felt
there should be restrictions.

“The information is in the public domain, AND | have no
problemswith it being used” emerged asatheme: “When people
post on the Internet, it is there for al to see. They should not
complain if it can be harvested and used for the general good”
(P12), “Asthey (forums) are open to the public and in the public
domainwhy would it not be OK to usetheinformation?’ (P19),
“I think information obtained from a discussion board when
anonimised should be usable in your research, as it has been
published on a public area’” (P9), and “As the information is
posted on the very public Internet, | don't think thereis a need
for permission to use the posts’. (P10)

The difference between boards that are open to al to read, and
those that require membership to access was mentioned by one
respondent:

| feel if aforumisviewableto the public, |IE you don't
haveto be a member to view any of the forumthreads,
then you or anyone el se can use any of theinformation
you find on any forum. [P20]

“The information is in the public domain, but I'd be
uncomfortable about it being freely used” also emerged. Some
respondents were clearly struggling with views they felt to be
contradictory, on the one hand acknowledging that their posts
were in the public domain, but also feeling ongoing ownership
of them:

| write a blog about my experience of diabetes and
would feel very aggrieved if | found any of it quoted
in a medical research paper without having been
asked. | realise thisis dlightly contrary (since | am
posting and effectively actively encouraging
readership) but neverthelessit would feel like* theft”
of my content. [P17]

Even though posts made on a public domain are, well,
public | think it is a common courtesy to approach
the poster by private messageif necessary to ask their
opinion. [P26]

Legally the comments are in the public domain and
uncopyrighted so they are “ free” for anyone to use.

JMed Internet Res 2013 | vol. 15 | iss. 6 [e112 | p.222
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Morally, | think that permission should probably be
requested first to repeat comments verbatim, even
rephrased one should probably state source. [P9]

Permission
Respondents were asked if they thought researchers need

permission to useinformation in their posts. Responses grouped
into two subthemes.

Permission Not Needed

Those who felt their information was in the public domain and
therefore available to be used did not feel there was any need
for permission to be sought:

If the forum is viewable to the public, then no
permission is necessary. [P20]

If the forum is viewable to the public, then no
permission is necessary. [P20]

Obviously u won't be using anyone's name so | don't
think u need to obtain any permission. [P25]

When people post on the Internet, it istherefor all to
see. They should not complain if it can be harvested
and used for the general good. [P12]

I think I'm probably happy for you to use direct quotes
from my comments without permission, providing it
isfor research purposes and not for commercial gain.
[P4]

Permission Required in Some Circumstances

Those who acknowledged the public nature of the forum but
expressed reservations felt that some sort of permission for use
should be obtained: “I think informed consent should be
obtained from the person who posted the information” (P33)
and “Using posts which were made in ignorance of them being
used in the way you intend does not sit easily with me. | would
hope that their use would at least be with the permission of the
site administration” (P32).

There were however divergent views and no consensus over
therole of site administratorsin giving permission: “Absolutely
not, what right do they have to share what is on the forum they
admin” (P10) and “I think it would be a complete betrayal if
(admin) were to give permission on behalf of the members’
(P3).

The use of quotations was one area where this group people
tended to agree:

If you took a quote direct fromwhat someone has said
“eg when | changed to a low carb diet | lost 2 stone
and my Hbalc droppedto...” then | think you do need
to gain permission from the poster. [P3]

If there were ever any intention to use or quote a
specific post or case study then | would feel it would
be absolutely essential to get approval from the
individual before going ahead. [P17]

A different view was taken to “aggregated data’: “if you're
using the data in some kind of statistical analysis — and not
quoting directly the posting then I'd say no permission is
probably needed” (P10) and
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Ifit'san“ abstract” | don’t think you need permission.
For exampleif you discover fromreading forumsthat
many HCPs give dietary information to diabetics
which is plainly making their condition worse, and
that many diabetics find that eating a diet which is
low in carbohydrates is more beneficial, then you
could “ generalise” about the situation. [P3]

If theinformation you collect ends up being essentially
anonymous numbers...charts or that kind of thing
then | don't think you need any individual's
permission. If you want to use actual quotes from
people that's a different matter as even if you make
the quote anonymous in your research. [P29]

Provided no quotes are attributed | am OK with your
extraction of any postings. [P27]

One would expect information to be depersonalised
either by general aggregation or by use of
pseudonyms in specific cases. [P12]

Few people would have a problem with generalised
and anonymised references. [P17]

The time that has passed since the post was made was not
considered to be relevant in the need to obtain permission:

A post | made two years ago, even if I've forgotten
about it, isno lessmine and | would be no less upset
to find it had been used without my knowledge than
a post | made yesterday. [P16]

Use of Citations

Therewere divergent views about attributing information to the
poster. Some people felt that if quotations were to be used the
author and/or forum should be cited:

I think in my mind it's a bit like any other written
work, a book in a library for example. The text is
there, for anybody to read and learn from, so in that
sense it’s public. On the other hand if we want to
quote that author in writing a review or a paper, we
have to include reference information. [P16]

If someone decided to republish my post in another
forum or document, | would expect my comments to
be kept in context and credited to me. [P04]

Other respondents valued anonymity over credit: “(permission
isn't needed) Aslong as you don't identify the poster by more
than sex, age, and type of diabetic” (P20) and “Obviously u
won't be using anyone'sname so | don’t think u need to obtain
any permission” (P25).

The challenge of using quotations and maintaining anonymity
was raised by one respondent:

If you want to use actual quotes from peoplethat’s a
different matter as even if you make the quote
anonymous in your research it will be quite easy to
find the author simply by typing in key phrases into
Googlewhichwill then give linksback to [ the forum].
[P29]
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Discussion

Principal Findings

The findings demonstrate a general agreement that the view of
people living with diabetes should be heard by researchers and
that the information on these forums contains information that
isvaluableto researchers. Participants had arange of experience
including community leaders and occasional posters; it is
possible that their experience of using discussion boards was a
factor in how they saw the issues; however, this study did not
attempt to explore this. It could be useful to carry out a
quantitative study to test these findings with alarge number of
participants to explore if experience of using discussion board,
or the Internet generally, is an influencing factor. Most
participants appreciated that they had put their information into
the public domain.

Concepts from mass mediastudies help to offer insight in order
to better understand the process of sharing information online
in this manner. The public sphere was initially proposed as an
areawhere public opinion is expressed through rational debate
and discussion by Habermas[36]. Thisview wasformed before
the Internet (with all of its powerful capabilities) was created
and thus the extent to which this view can be applied to online
spacesis not clear. Blogs have been likened [37] to the “letters
to the Editor” that are common in traditional print media. The
concept of “textsin the public domain” has al so been discussed
as being asocia process of talk and text [38], with the authors
concluding that where communication happens in ways other
than face to face and has multiple audiences, a “pragmatic
framework” for researchers to work with it needs to be
developed.

Beyond the initial agreement about the public nature of their
posts by our participants, two divergent subthemes emerged.
One group was happy that they had put their information into
the public domain and that it could therefore be reused by
researchers. This approach and outlook could grow with the
increased use of social media by society. Twitter for example
has a “retweet” button, enabling the rapid dissemination of
information. Retweeting is one of the core functions of Twitter
[39], and it isconsidered completely acceptable to do so without
seeking any prior permission. Basset [40] stated that the Internet
isacultural publication route, more akin to mass media, such
as newspapers than any other medium. This “mass media’
approach by researchers may be feasible for Twitter (and
arguably blogs) where the author is writing to an unknown
audience, although thisis not supported by participant P17 from
this study. Whether this approach can (or indeed should) also
be applied to discussion boards is questionable, however, since
participants are “talking” to other board users rather than
intentionally addressing their comments to a wider, unknown
audience.

The second subgroup in this study wanted to keep ownership
of their words. While they were happy for aggregated data to
be reused, they felt differently about quotations or the use of
the information that could be traced back to them. Rather than
applying the attribution norms of mass media.communications,
their viewsfit more comfortably into atraditional health research
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ethics framework. Some people wanted to be able to give (or
withhold) permission for the use of the information they had
shared. Others wanted to know that their words would remain
confidential and not be able to be traced back to them. Rather
than focusing on the paradoxical nature of this stance, ways of
meeting the wishes of this group (without negating the ability
to use information from people who want to make it available)
need to be explored.

Eysenbach and Till [23] recommended that consent should be
obtained before using verbatim quotes, aview supported by the
participants in this research. Seeking to gain permission to use
posts from online discussion boards for research purposes is,
however, likely to render the research difficult at best and
unfeasible at worst. Posts often need to be considered in the
context of the discussion, so if one poster was happy to give
permission and wanted their views to be included, and another
withheld permission, the conflict would need to be resolved and
a decision made about whose wishes have primacy.

Reaching posters to seek permission is an additional dilemma.
Board membership is often transient, contact details are not
given or where they are they are out of date, and the way some
boards are set up people have to have a posting history before
they can be accessed or used. That creates another ethical
dilemma to be resolved. Consent by proxy (through board
administrators) generated mixed feelings from respondents
(sometimes strongly expressed) so would not be an ethical
resolution to this situation either. Failure to secure consent from
sufficient posters could mean that the data available to use are
not balanced nor representative of the boards. If the data are
rendered unusable because of thisthen the wish of some posters
that their contributions are used for greater good cannot be met.
The outcome of thiswould be that a valuable research resource
that could help develop concepts and care to ultimately benefit
the wider community, which the boards seek to support, will
be lost.

The AolR [13] identifiesthat the concept of “the human subject”
does not fit well with many online environments and that
practical considerations such as harm, vulnerability and
identification may be moreimportant. Trying to apply rulesthat
were created for a different context does not provide solutions
to these dilemmas, leading us to the inevitable conclusion that
new situations such asthisrequire new rules. Having considered
the dichotomy that both researchers and participants
acknowledge, we propose that anew conceptual framework for
online research is needed and that further work is required to
ensure that all stakeholders in the process are included in the
discussion. Key messages that have been drawn from our
research are;

«  Contributors appreciate the value of their boardsto research
that will ultimately benefit their communities and wish it
to be used.

- Using aggregated data is acceptable to the community that
created it.

- Using quotations ranges from being totally acceptable to
totally unacceptable.

TheInternet is not one entity, and different aspects may require
different approaches. Theinformation openly available on online
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discussion boards does not fit into a human subject approach
to research ethics, and while viewing it as more akin to text,
mass media norms do not fit well either. It is a specific type of
text—"personal health text” that requires sensitive handling
and the generation of a new set of research rules.

We propose that the use of non-verbatim quotations should be
considered as an aternative to verbatim quotations. At the
simplest level, using nonverbatim quotations could be through
editing the words of a single author to an extent by which it
cannot belocated by a search engine. As search enginesbecome
increasingly sophisticated, this solution is not likely to be easy
to achieve, and indeed in time, this may become impossible.
An alternative that we believe is preferable is to introduce a
new concept to research—aggregated quotations. By this, we
propose bringing several quotations around a topic together to
maintain the essence of meaning, but also rendering it
impossible to identify any individual poster.

The use of quotations is a way of presenting research that is
generaly linked with qualitative research [23] where the aim
is to provide arichly textured and comprehensive set of data,
without any gaps, and with the full breadth of interpretations
included [41,42]. The value of verbatim quotations has been
identified [43] to provide evidence of what was said; to present
full or more clear explanation of participants’ views; asameans
of illustrating the codes and categoriesthat have been devel oped
from the data; to give depth to participant’s meanings, “giving
participants a voice”, and to make research reports more
readable. All of these aims can equally be achieved using
thoughtfully constructed aggregated quotations.

The aim of the study was to identify what Internet users found
acceptable rather than to explore the issue through a
methodological lense. Thefindings, however, haveimplications
for research methodology. It is beyond the scope of this paper
to develop adetailed methodol ogical exposition; however, rather
than viewing this new approach as fitting into a qualitative
framework, we see this proposal as being part of the formation
of a new genre of research that focuses on the specific
characteristics of Internet-based research. It may well be that
what we are proposing is an approach that fits within mixed
methodology, bringing together as it does the concept of rich
data and quotations from qualitative research and the
guantitative approach of aggregating data.

Bond et d

On a practical level, it is important that the discussion of the
research methods details the approach taken to producing
quotations, so that thereisno risk of misrepresenting individuals.
How many quotations and from how many individua
contributors should be identified for each aggregated quotation
used so that the quotations create arich, comprehensive picture
of what a range of participants feel while maintaining clarity
and openness over the process.

Thisresearch was carried out with people contributing to online
discussion boards, rather than any other type of online
communication, such as chat rooms. Theimportant consideration
isthat on discussion boards messages are typed and posted into
adurableformat. People posting are able to seearecord of other
posts and answers available to browse or be searched. Chat
rooms and other similar forums suggest amoretransient online
presence (even if not a technically accurate perception), and
previous research [44] has found that participants may have
different responses. There is therefore no suggestion that these
findings are transferable outside of discussion board-type
communications.

Conclusion

The Internet is still a relatively young entity, and people are
still developing their understanding of the potential conflicts
between the public reality and private use of social media. It
does however provide a source of rich research data about the
experiences of people living with long-term conditions, among
other things. This research found that people who contribute to
discussion boards are doing so to share information and help
otherswithin that community and are sympathetic to researchers
using the information they have shared to further that aim.

Acting ethically as researchers within this new genre is,
however, achallenge. Tryingto apply rules created for different
situations does not provide a solution to how to use the
information in health research. Therefore, the solution can be
only to create a new set of norms that meet both the needs of
researchersfor rigor and opennessin their research and thewish
of posters to contribute, while protecting their personal
information. The proposals in this paper, particularly the need
to handle datafrom discussion boardsin anew way, are offered
as a practical way forward. They are also shared with the
research and patient communities to offer a starting point for
discussion.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Questions asked.

[PDE File (Adobe PDF File), 178KB - jmir_v15i6e112_appl.pdf ]

References

1. VanceK, HoweW, Dellavalle RP. Social internet sites as a source of public health information. Dermatol Clin 2009
Apr;27(2):133-136. [doi: 10.1016/j.det.2008.11.010] [Medline: 19254656]

http://www.jmir.org/2013/6/e112/

JMed Internet Res 2013 | vol. 15 | iss. 6 [e112 | p.225
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i6e112_app1.pdf&filename=7ca34796aad50ed99f02e05b2a46c00e.pdf
https://jmir.org/api/download?alt_name=jmir_v15i6e112_app1.pdf&filename=7ca34796aad50ed99f02e05b2a46c00e.pdf
http://dx.doi.org/10.1016/j.det.2008.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19254656&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Bond et &

2. LewisPH. InaRecount, Cyber Census Still Confounds.: New York Times; 1996. URL : http://www.dartmouth.edu/~chance/
course/Syllabi/Princeton96/internet_use.html [WebCite Cache ID 6EcveOOlt]

3. Nielsen Wire. 2012 Aug. Top US Web Brands and Technology News Websites URL : http://blog.niel sen.com/niel senwire/
online_mobile/august-2012-top-u-s-web-brands-and-technol ogy-news-websites/ [WebCite Cache ID 6EcvujL Ds]

4.  NguyenKD, HaraB, Chlebowski RT. Utility of two cancer organization websitesfor amultiethnic, public hospital oncology
population: comparative cross-sectional survey. JMed Internet Res 2005 Jul 1;7(3):€28 [FREE Full text] [doi:
10.2196/jmir.7.3.e28] [Medline: 15998619]

5. Glasgow R. Engagement in a diabetes self-management website: Usage patterns and generalizability of program use. J
Med Internet Res 2011;13(1):€9. [doi: 10.2196/jmir.1391]

6. Chiauzzi E, Pujol LA, Wood M, Bond K, Black R, Yiu E, et a. painACTION-back pain: a self-management website for
people with chronic back pain. Pain Med 2010 Jul;11(7):1044-1058. [doi: 10.1111/j.1526-4637.2010.00879.x] [Medline:
20545873]

7. Seckn G. Internet Technology in Service of Personal Health Care Management: Patient Perspective. Journal of Technology
in Human Services 2009;27(2):79-92.

8.  Barney LJ, Griffiths KM, Banfield MA. Explicit and implicit information needs of people with depression: a qualitative
investigation of problems reported on an online depression support forum. BMC Psychiatry 2011;11:88 [FREE Full text]
[doi: 10.1186/1471-244X-11-88] [Medline: 21592335]

9. CowieGA, Hill S, Robinson P. Using an online service for breastfeeding support: what mothers want to discuss. Health
Promot J Austr 2011 Aug;22(2):113-118. [Medline: 21819353]

10. Armstrong N, Powell J. Patient perspectives on health advice posted on Internet discussion boards: a qualitative study.
Health Expect 2009 Sep;12(3):313-320. [doi: 10.1111/j.1369-7625.2009.00543.x] [Medline: 19555377]

11.  Williams SG. The Ethics of Internet Research. Online Journal of Nursing Informatics 2012;16(2).

12. EssC, AolR EW Committee. Ethical decision-making and I nternet research: Recommendations from the aoir ethicsworking
committee.: Association of Internet Researchers; 2002. URL: http://aoir.org/reports/ethics.pdf [accessed 2013-05-01]
[WebCite Cache ID 6Ecw5VM3j]

13. Markham A, Buchanan E. Ethical Decision-Making and Internet Research: Version 2.: Association of Internet Researchers;
2012. URL: http://aoir.org/reports/ethics?.pdf [accessed 2013-05-01] [WebCite Cache ID 6Ecw5V M 3j]

14. HuwsU. Socio-Economic Research in the Information Society. Brighton; 2002. URL: https:.//taw.bournemouth.ac.uk/owal
cbond@bournemouth.ac.uk/redir.aspx?C=77678d01ac7543af 8079a555d2eb9351& URL =http%63a%62f Yo2fwww.webci tation.
org%2f6EcwD4ys8

15. Department of Health UK. Research governance framework for health and social care. 2005. URL: http://www.dh.gov.uk/
en/Publicati onsandstati sti cs/Publi cations/PublicationsPolicyAndGuidance/ DH_4108962 [WebCite Cache | D 6EcwK QgWm)|

16. Haigh C, JonesNA. An overview of the ethics of cyber-space research and theimplication for nurse educators. Nurse Educ
Today 2005 Jan;25(1):3-8. [doi: 10.1016/j.nedt.2004.09.003] [Medline: 15607241]

17. BakardjievaM. Feenberg, A. Involving the Virtual Subject. Ethics and Information Technology 2000;2(4):233-240.

18. Whitehead LC. Methodological and ethical issues in Internet-mediated research in the field of health: an integrated review
of the literature. Soc Sci Med 2007 Aug;65(4):782-791. [doi: 10.1016/j.socscimed.2007.03.005] [Medline: 17512105]

19. Holmes S. Methodological and ethical considerationsin designing an Internet study of quality of life: a discussion paper.
Int JNurs Stud 2009 Mar;46(3):394-405. [doi: 10.1016/j.ijnurstu.2008.08.004] [Medline: 18838135]

20. McKeeHA. Ethical and legal issues for writing researchers in an age of media convergence. Computers and Composition
2008;25(1):104-122.

21. Stewart K, Williams M. Researching online populations: the use of online focus groups for social research. Qualitative
Research 2005;5(4):395-416.

22. CapurroR, Pingel C. Ethical issuesof online communication research. Ethicsand Information Technology 2002;4(3):189-194.

23. Eysenbach G, Till JE. Ethical issuesin qualitative research on internet communities. BMJ 2001 Nov 10;323(7321):1103-1105
[FREE Full text] [Medline: 11701577]

24. Flicker S, Haans D, Skinner H. Ethical dilemmasin research on Internet communities. Qual Health Res 2004
Jan;14(1):124-134. [doi: 10.1177/1049732303259842] [Medline: 14725180]

25.  Powell J, InglisN, RonnieJ, Large S. The characteristics and motivations of online health information seekers: cross-sectional
survey and qualitative interview study. JMed Internet Res 2011;13(1):€20 [EREE Full text] [doi: 10.2196/jmir.1600]
[Medline: 21345783]

26. Fox S. Pew Internet Project. 2011. Peer& amp;#8208;to& amp;#8208; peer healthcare URL : http://pewinternet.org/Reports/
2011/P2PHealthcare/ Summary-of -Findings.aspx [accessed 2013-02-25] [WebCite Cache ID 6Eh00B6SO]

27. Vanguard. 2012. Facebook Third Largest Country If URL: http://www.vanguardngr.com/2012/05/
facebook-third-largest-country-if/ [accessed 2013-02-22] [WebCite Cache ID 6EcwWBrIW]

28. Ahmed OH, Sullivan SJ, Schneiders AG, McCrory P. i Support: do social networking sites have aroleto play in concussion
awareness? Disabil Rehabil 2010;32(22):1877-1883. [doi: 10.3109/09638281003734409] [Medline: 20367328]

29. Bender JL, Jimenez-Marroquin MC, Jadad AR. Seeking support on facebook: a content analysis of breast cancer groups.
JMed Internet Res 2011;13(1):e16 [FREE Full text] [doi: 10.2196/jmir.1560] [Medline: 21371990]

http://www.jmir.org/2013/6/e112/ JMed Internet Res 2013 | vol. 15 | iss. 6 [e112 | p.226

(page number not for citation purposes)


http://www.dartmouth.edu/~chance/course/Syllabi/Princeton96/internet_use.html
http://www.dartmouth.edu/~chance/course/Syllabi/Princeton96/internet_use.html
http://www.webcitation.org/6EcveOOIt
http://blog.nielsen.com/nielsenwire/online_mobile/august-2012-top-u-s-web-brands-and-technology-news-websites/
http://blog.nielsen.com/nielsenwire/online_mobile/august-2012-top-u-s-web-brands-and-technology-news-websites/
http://www.webcitation.org/6EcvujLDs
http://www.jmir.org/2005/3/e28/
http://dx.doi.org/10.2196/jmir.7.3.e28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15998619&dopt=Abstract
http://dx.doi.org/10.2196/jmir.1391
http://dx.doi.org/10.1111/j.1526-4637.2010.00879.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20545873&dopt=Abstract
http://www.biomedcentral.com/1471-244X/11/88
http://dx.doi.org/10.1186/1471-244X-11-88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21592335&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21819353&dopt=Abstract
http://dx.doi.org/10.1111/j.1369-7625.2009.00543.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19555377&dopt=Abstract
http://aoir.org/reports/ethics.pdf
http://www.webcitation.org/6Ecw5VM3j
http://aoir.org/reports/ethics2.pdf
http://www.webcitation.org/6Ecw5VM3j
https://taw.bournemouth.ac.uk/owa/cbond@bournemouth.ac.uk/redir.aspx?C=77678d01ac7543af8079a555d2eb9351&URL=http%3a%2f%2fwww.webcitation.org%2f6EcwD4ys8
https://taw.bournemouth.ac.uk/owa/cbond@bournemouth.ac.uk/redir.aspx?C=77678d01ac7543af8079a555d2eb9351&URL=http%3a%2f%2fwww.webcitation.org%2f6EcwD4ys8
https://taw.bournemouth.ac.uk/owa/cbond@bournemouth.ac.uk/redir.aspx?C=77678d01ac7543af8079a555d2eb9351&URL=http%3a%2f%2fwww.webcitation.org%2f6EcwD4ys8
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4108962
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4108962
http://www.webcitation.org/6EcwKQgWm
http://dx.doi.org/10.1016/j.nedt.2004.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15607241&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2007.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17512105&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2008.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18838135&dopt=Abstract
http://europepmc.org/abstract/MED/11701577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11701577&dopt=Abstract
http://dx.doi.org/10.1177/1049732303259842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14725180&dopt=Abstract
http://www.jmir.org/2011/1/e20/
http://dx.doi.org/10.2196/jmir.1600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21345783&dopt=Abstract
http://pewinternet.org/Reports/2011/P2PHealthcare/Summary-of-Findings.aspx
http://pewinternet.org/Reports/2011/P2PHealthcare/Summary-of-Findings.aspx
http://www.webcitation.org/6Eh0oB6SO
http://www.vanguardngr.com/2012/05/facebook-third-largest-country-if/
http://www.vanguardngr.com/2012/05/facebook-third-largest-country-if/
http://www.webcitation.org/6EcwWBrIW
http://dx.doi.org/10.3109/09638281003734409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20367328&dopt=Abstract
http://www.jmir.org/2011/1/e16/
http://dx.doi.org/10.2196/jmir.1560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21371990&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Bond et &

30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.

41.

42.

43.

DelaTorre-Diez |, Javier Diaz-Pernas F, Anton-Rodriguez M. A Content Analysis of Chronic Diseases Social Groups on
Facebook and Twitter. Telemedicine and e-Health 2012;18(6):404-408.

Bournemouth University. Research Ethics Code of Practice. Poole, UK: Bournemouth University; Sep 2009.

James N, Busher H. Online interviewing. London: Sage Publications Limited; 2009.

Guest G, Bunce A, Johnson L. How Many Interviews Are Enough? Field Methods 2006 Feb;18(1):59.

GubaEG, Lincoln Y S. Fourth generation evaluation. Newbury Park: Sage Publications; 1989.

Flick U. An introduction to qualitative research. London: Sage Publications; 2009.

Papacharissi Z. The virtual sphere 2.0: The Internet, the Public Sphere, and Beyond. In: Chadwick A, editor. Routledge
Handbook of Internet Politics. London: Routledge; 2009:230-245.

Youngs G. Blogging and globalization: the blurring of the public/private spheres. Adlib Proceedings 2009 2009;61(2):127-138.
[doi: 10.1108/00012530910946884]

Sarangi S. Public discourse. In: Zienkowski J, Ostman J, Verschueren J, editors. Handbook of Pragmatics Highlights
(HoPH). Amsterdam: John Benjamins; 2011:248.

LiuZ, LiuL, Li H. Determinants of information retweeting in microblogging. Internet Research 2012;22(4):443-466.
Bassett EH, O'Riordan K. Ethics of Internet research: Contesting the human subjects research model. Ethicsand Information
Technology 2002;4(3):233-247.

Russell CK, Gregory DM. Evaluation of qualitative research studies. Evid Based Nurs 2003 Apr;6(2):36-40 [FREE Full
text] [Medline: 12710415]

Graneheim UH, Lundman B. Qualitative content analysisin nursing research: concepts, procedures and measuresto achieve
trustworthiness. Nurse Educ Today 2004 Feb;24(2):105-112. [doi: 10.1016/j.nedt.2003.10.001] [Medline: 14769454]
Corden A, Sainsbury R. Using verbatim quotationsin reporting qualitative social research: researchers’ views. Social Policy
and Research Unit: University of York. York, UK: Sacial Policy and Research Unit: University of York; 2006.

Hudson J, Bruckman A. “Go Away”: Participant Objections to Being Studied and the Ethics of Chatroom Research. The
Information Society 2004 Apr 2004;20(2):127-139. [doi: 10.1080/01972240490423030]

Edited by G Eysenbach; submitted 13.11.12; peer-reviewed by SLim Choi Keung, D Pullman; comments to author 31.01.13; revised
version received 25.02.13; accepted 28.03.13; published 07.06.13.

Please cite as:

Bond CS, Ahmed OH, Hind M, Thomas B, Hewitt-Taylor J

The Conceptual and Practical Ethical Dilemmas of Using Health Discussion Board Posts as Research Data
J Med Internet Res 2013;15(6): €112

URL: http://AMmww.jmir.org/2013/6/€112/

doi:10.2196/jmir.2435
PMID: 23748147

©Caral S. Bond, Osman Hassan Ahmed, Martin Hind, Bronwen Thomas, Jaqui Hewitt-Taylor. Originally publishedin the Journal
of Medical Internet Research (http://www.jmir.org), 07.06.2013. 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, alink to the original publication on http://www.jmir.org/, as well asthis
copyright and license information must be included.

http://www.jmir.org/2013/6/e112/ JMed Internet Res 2013 | vol. 15 | iss. 6 [e112 | p.227

(page number not for citation purposes)


http://dx.doi.org/10.1108/00012530910946884
http://ebn.bmj.com/cgi/pmidlookup?view=long&pmid=12710415
http://ebn.bmj.com/cgi/pmidlookup?view=long&pmid=12710415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12710415&dopt=Abstract
http://dx.doi.org/10.1016/j.nedt.2003.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14769454&dopt=Abstract
http://dx.doi.org/10.1080/01972240490423030
http://www.jmir.org/2013/6/e112/
http://dx.doi.org/10.2196/jmir.2435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23748147&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kritz et d

Original Paper

Utilization and Perceived Problems of Online Medical Resources
and Search Tools Among Different Groups of European Physicians

Marlene Kritz', MSc; Manfred Gschwandtner!, MSc; Veronika Stefanov?, PhD; Allan Hanbury?, PhD; Matthias
Samwald?*®, PhD

1soci ety of Physicians Vienna, Vienna, Austria
2Information & Software Engineering Group, Institute of Software Technology and Interactive Systems, Vienna University of Technology, Vienna,
Austria

3Section for Medical Expert and Knowledge-Based Systems, Center for Medical Statistics, Informatics, and Intelligent Systems, Medical University
of Vienna, Vienna, Austria

Corresponding Author:

Matthias Samwald, PhD

Section for Medical Expert and Knowledge-Based Systems
Center for Medical Statistics, Informatics, and Intelligent Systems
Medical University of Vienna

Spitalgasse 23

Vienna, 1090

Austria

Phone: 43 1404006665

Fax: 43 1404006625

Email: matthias.samwald@meduniwien.ac.at

Abstract

Background: Thereis alarge body of research suggesting that medical professionals have unmet information needs during
their daily routines.

Objective:  To investigate which online resources and tools different groups of European physicians use to gather medical
information and to identify barriers that prevent the successful retrieval of medical information from the Internet.

Methods: A detailed Web-based questionnaire was sent out to approximately 15,000 physicians across Europe and disseminated
through partner websites. 500 European physicians of different levels of academic qualification and medical specialization were
included in the analysis. Self-reported frequency of use of different types of online resources, perceived importance of search
tools, and perceived search barriers were measured. Comparisons were made across different levels of qualification (qualified
physiciansvs physiciansin training, medical specialists without professorshipsvsmedical professors) and specialization (genera
practitioners vs specialists).

Results: Most participants were Internet-savvy, came from Austria (43%, 190/440) and Switzerland (31%, 137/440), were
above 50 yearsold (56%, 239/430), stated high levels of medical work experience, had regular patient contact and were employed
in nonacademic health care settings (41%, 177/432). All groups reported frequent use of general search enginesand cited “ restricted
accessibility to good quality information” as a dominant barrier to finding medical information on the Internet. Physicians in
training reported the most frequent use of Wikipedia (56%, 31/55). Specialists were more likely than general practitionersto use

medical research databases (68%, 185/274 vs 27%, 24/88,; )(22:44.905, P<.001). Genera practitioners were more likely than
specialiststo report “lack of time” asabarrier towards finding information on the Internet (59%, 50/85 vs 43%, 111/260; x21:7.231,
P=.007) and to restrict their search by language (48%, 43/89 vs 35%, 97/278; X*,=5.148, P=.023). They frequently consult general
health websites (36%, 31/87 vs 19%, 51/269; x°,=12.813, P=.002) and online physician network communities (17%, 15/86,
X%,=9.841 vs 6%, 17/270, P<.001).

Conclusions: The reported inaccessibility of relevant, trustworthy resources on the Internet and frequent reliance on general
search engines and social media among physicians require further attention. Possible solutions may be increased governmental
support for the devel opment and popul arization of user-tailored medical search tools and open access to high-quality content for
physicians. The potential role of collaborative tools in providing the psychological support and affirmation normally given by
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medical colleagues needs further consideration. Tools that speed up quality evaluation and aid selection of relevant search results
need to be identified. In order to develop an adequate search tool, a differentiated approach considering the differing needs of

physician subgroups may be beneficial.

(J Med Internet Res 2013;15(6):€122) doi:10.2196/jmir.2436
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information seeking behavior; physicians; Internet; search engine; information quality; language barriers

Introduction

Background

Over the last decades, the World Wide Web has become an
important source of information within the medical health
domain[1]. Physicians' information needs, information-seeking
behavior, and their use of online resources have been well
studied [2]. Physicians primarily accessthe Internet at the point
of care[3] to pursue medical updating and to communicate with
colleagues[4]. The Internet gives medical professionals access
to a vast amount of high-quality medical information, which
could potentially aid medical decision making and patient care.
It has been found that 51% of physicians claim that the Web
has influenced treatment and assisted them in diagnostic
procedures[5], and 30% of asample of 411 physiciansdeclared
“often” changing medication and treatment plans as a
consequence of obtaining information from the Internet [6]. The
benefit and usability of medical information provided on the
Internet increasingly relies on adequate content, quality
evauation, and the skilled selection of relevant websites. To
improve on how computers can help physicians with medical
information retrieval, an understanding of online resource and
search requirements of physicians in different health care
settingsis required.

Use of Resources

There has been some research discussing what makes a source
useful for medical professionals. Shaughnessy and colleagues
[7] have measured the usefulness of information resourceswith
the formula:

Utility=(relevance x validity x interactivity)/work to
access

According to the formula, theideal information sourceisdirectly
relevant, contains valid information, and can be accessed with
aminimal amount of work. Sources with low “work to access’
(ie, easy accessibility) and high surface relevance—such as
general search engines and colleagues—are often reported as
popular among time-constrained medical professionals [3,8].
However, answers provided by such sources often lack scientific
validity. In contrast, medical research databases such as PubMed
can provide journal articles and systematic reviews backed up
by good evidence but often fail to quickly provide relevant
content, resulting in a considerable amount of mental “work to
access’ [9]. In addition, point-of-care databases such as
UpToDate are associated with high levels of economic “work
to access’ as they provide relevant and valid information but
require the payment of substantial subscription fees to be
accessible. Consequently, “low work to access’ resources such
as general search engines and colleagues have remained

http://www.jmir.org/2013/6/e122/

dominant information resourceswithin themedical domain [6].
Theroleof the* psychological support and affirmation” provided
by amedical colleague has remained dominant and irreplaceable
[10]. However, while it has been postul ated that general search
engines such as Google can aid the diagnostic process [8] and
can be efficient at answering quick questions within a critical
care setting [9], it is questionable whether physicians aways
have the time and expertise to pursue the necessary data
selection.

Barriers

It has been well documented that physicians face barriers that
keep them from finding relevant information to their queries
[11]. However, to date, there is a lack of research treating
physicians as a heterogeneous group and comparing potential
search barriers in different subgroups of physicians. A
differentiated understanding of problems associated with current
search systems could be beneficial towards the development of
efficient user-tailored medical search systems.

Tools

Tools to overcome search barriers by simplifying content
selection and quality evaluation of information are of growing
interest within the medical search domain. There is a lack of
knowledge of thetools physicians prefer to use when searching
for online information. In particular, there is alack of data on
the acceptance of social, collaborative tools for aiding the
selection of relevant search results.

Objective

This paper aims to provide insight on the professional Internet
use among different subgroups of physicians: their use of
resources, tools, and potential barriers in obtaining answers
from the Internet. We are expanding current knowledge in this
area by presenting alarge quantitative survey among physicians
located in several European countries and employed in awide
variety of health care settings. To date, no detailed, large-scale
guantitative study has been published on the use of online
resources, preferences of search tools, and search barriers of
different subgroups of European physicians. Most studies in
thefield have been carried out in countrieswhere Englishisthe
primary language of communication. Thus, the role of
nonEnglish languages in online search behavior of medical
professional's has remained unclear.

Our main objective was to analyze the use of online resources,
search tools, and perceived search barriers among European
physicians. We compared different subgroups of physiciansto
determine whether level of academic qualification, type of
medical specialization, and medical experience could impact
search behavior.
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The outcomes of the present survey could assist the future
development of effective medical search systems and provide
orientation for the potential creation of ingtitutional policieson
using the Web in health care settings.

Methods

This survey is part of the project KHRESMOI, funded by the
European Union. One of the goal s of the project isto investigate
the search requirements of physicians in order to guide the
development of a medical search engine.

Questionnaire

An online questionnaire based on categorical assumptions of
previous qualitative literature, on medical information needs
[12], use of onlineresources[13], and physician search behavior
and preferences [6] was developed. While previous research
provided a good starting point for the questionnaire design,
most items were modified, extended, or deleted to fit the
requirements of European physicians after doing preliminary,
structured pilot interviews with Austrian physicians and
disseminating apilot questionnaire to Austrian, Spanish, Swiss,
and English physicians. We used informa semistructured
interviewsto devel op the questionnaire. The questionnaire was
validated via an “online test period” of 1 week, in which 12
physicians completed the survey and provided subsequent
feedback.

Table 1. Subgroups of physicians.

Kritz et al

The final version of the survey questionnaire (see Multimedia
Appendix 1) consisted of 6 parts encompassing a total of 47
guestions and was made available online in English, German,
French, and Spanish on an open-access platform hosted by
Health on the Net [14]. The questionnaire could be accessed by
clicking on alink that was included in the emails sent out, or
by clicking on a banner on the Health on the Net website. The
number of items displayed per page varied from 1 to 14, and it
was ensured that each part was displayed on one page. The
whole questionnaire was spread over a total of 8 pages. All
items contained the option of a nonresponse item (eg, “not
applicable”) and/or an open-format “other item”. Participants
were allowed to change responses using the back button.
Computer Internet Protocol (IP) addresses were tracked and
used to identify duplicate entries. In the case of duplicate entries
within a time frame of 12 hours, the first entry was excluded
from the analysis. The study was anonymous. Each participant
was presented with an information sheet and asked to confirm
being a physician/medical student prior to completing the
guestionnaire. The questionnaire was edited in simple HTML
without Java applets or special scripts to alow a maximum
number of the addressed users to access it with their browsers.

Most questions were either of multiple response/dichotomous
guestions or could be answered by selecting an option on a
5-point Likert scale rating. In our analysis, we included 15
sociodemographic variables and present the results of 14
selected itemsrel ated to the use of resources, tools, and barriers
(Table 1).

Definition/inclusion criteria

Physician in training
agenera practitioner or specidist.
Qualified physicians
Generd practitioners
Specialists

Specialists without professorship
lectureship or professorship

Medical professors

Physicians that had completed a medical degree (MD) but were currently pursuing physician training to become

Included all physicians that were working as qualified physicians (general practitioners and specialists)
Included al physicians that were working as qualified general practitioners
Included all physicians who are were working as qualified speciaists

A subgroup of the specialists group, included physicians who are qualified specialists without having attained

A subgroup of the specialists group, included physicians who had completed a postgraduate lectureship qualifi-

cation or were appointed university professors

Study Population

The target population consisted of European physicians of all
specialities and was a convenience sample. The questionnaire
was promoted in June and July 2011 by email at random to
about 15,000 physicians around Europe through a banner on
websites, medical newsletters, and an article in an Austrian
public health journal with approximately 35,000 readers. The
following institutions sent out newsletters with a link and
information on the questionnaire: Society of Physicians Vienna
(2800 members), Geneva Doctors Association (3100 members),
Austrian Society of Internal Medicine (2100 members), Austrian
Society for Gastroenterology and Hepatology (800 members),
and Medical Mediain Austria (5500 members). The following
institutions placed a banner pointing to the questionnaire on
their websites: Doctors.net.uk, Society of Physiciansin Vienna,

http://www.jmir.org/2013/6/e122/

Health on the Net Foundation, Professional Association of
German Internists, and the European Academy of Allergy and
Clinical Immunology.

Statistical Analysis

Statistical analyseswere performed using SPSS 21 for Windows.
Tables and graphs were constructed using Microsoft Office
Excel 2007. Due to unsolved controversies in the literature of
reliably treating Likert-items as interval-scaled, 5-point Likert
items were treated as ordinal and other items as nominal or
dichotomized [15]. Thus a nonparametric approach, believed
to be the most reliable method for such data [16], was used for
all statistical inferences.

Differences  between independent variables—medical
specialization (specialist vs general practitioner), level of
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qualification (physician in training vs qualified physician), and
academic qualification (medical professor vsmedical specialist
without professorship)—were initially explored using a
Mann-Whitney U Test for al 5-point Likert scale items.
However, since the distributions of most of the ordinal 5-point
Likert-itemswere skewed, we decided to simplify all responses
on 5-point Likert scales by re-categorizing responses into only
three items (“aways/often”, “sometimes’, “rarely/never”, or
similarly “very important/important”, “ neutral”, “unimportant”).
Multiple response questions were coded and analyzed as
dichotomous yes/no variables.

The questionnaire examined various sociodemographic
variables, the use of online resources, available time, search
strategy, barriers, search tools used, advanced search features
used, and mobile accessibility. The sample population was split
into subgroups of physicians, as defined in Table 1.

Questionnaire results were analyzed to provide descriptive
statistics, graphs, and cross-tabulations. A Chi-square analysis
was performed to assess differences between ordinal dependent
variableswith two to four categoriesaswell asall dichotomous
and nominal data. A P value<.05was considered as statistically
significant.

Exclusion Criteria

Participants were excluded if they answered fewer than 30% of
the questions (ie, at least 14 of the 46 questions had to be
answered), did not complete their medical degree yet, or were
not involved in patient treatment. Thelow threshold of inclusion
was chosen to deliberately alow for partially filled out
guestionnaires. For example, it was important to include
physicians who selectively failed to fill out the demographics
section (about 23% of thetotal sampleincluded intheanalysis),
to avoid creating a bias by excluding physicians who merely
wanted to assure additional confidentiality.

Results

Of theinitial 640 participantstaking part in the study, 140 were
excluded based on the selection criteria described earlier. This
resulted in a sample of 500 participants that had completed all
or asubstantial part of the questionnaire being included in the
analysis. Results are reported as a percentage of thetotal number
of responsesto each question (the denominator therefore varies
according to theindividual question responserate). No statistical
corrections such as weighting were used. However,

Table 2. Comparisons between different groups of physicians.

Kritz et al

nonresponders to individual questions were excluded from the
analysis of those questions.

Demographics

Intotal, 63% (271/430) of the participants were male, and 56%
(239/430) of the participants were older than 50 years. Most
participants came from the main areas of questionnaire
dissemination: the majority came from Austria (43%, 190/440),
almost a third from Switzerland (31%, 137/440), followed by
the United Kingdom (8%, 37/440), and Germany (4%, 17/440).
Respectively, most participants spoke German (46%, 198/429)
or French (31%, 133/429). The majority of the participants
(81%, 345/427) reported living in urban areas. The reported
level of education and medica work experience was
exceptionally high; 13% of the physicians (54/432) reported
having completed medical lectureship training. More than half
of the respondents reported having obtained work experience
of “20 years or more”’ (55%, 238/428). In fact, 96% (415/432)
reported currently working asmedical professionals. Most were
self-employed (39%, 168/432) or worked in nonacademic health
care settings (41%, 177/432), only 4% (17/432) identified as
retired or unemployed, and 64% (278/432) of the physicians
identified as working specialists, 21% (89/432) as general
practitioners, and 13% (55/432) reported pursuing physician
training. 90% (387/429) of the physicians reported seeing
patients on a regular basis. However, the majority (87%,
337/387) of those with regular patient contact consulted less
than 40 patients per working day.

Overall, levels of self-perceived competence of medical English
were high. Among the nonnative English speakers (91%,
391/429), 89% (348/391) of the physicians reported that their
level of medical English is above average, with only 1
participant reporting not understanding any English. While 99%
(492/498) reported having regular Internet access, 92%
(454/496) reported using the Internet on a daily basis. High
levelsof Internet experience were reported, with 82% (408/499)
using the Internet for more than 10 years. In addition, of those
physicians who reported having regular direct patient contact
(90%, 387/429), as many as 24% (92/385) reported that they
frequently (“often” or “aways’) access the Internet during a
patient consultation), and 44% (171/385) reported never
accessing the Internet during a patient consultation.

Table 2 illustrates how the physicians in the sample were
distributed among the subgroups we defined based on medical
qualification, medical specialization, and academic qualification.

Medical qualification
Physicianintraining Qualified physician

Medical specialization
General practitioner  Specialist

Academic qualification
Specialist without professorship  Medical professor

n/N@ 55/422 367/422 89/367

% of N 13 87 24

278/367 224/278 54/278
76 81 19

3N is based on the number of respondents that provided a response to the corresponding question in the questionnaire.

Use of Online Resour ces

The frequencies with which physicians reported using various
types of online resources are shown in Figure 1 and in Table 1

http://www.jmir.org/2013/6/e122/

in Multimedia Appendix 2. Figure 1 illustrates the percentage
of respondents per group that claimed to use a given resource
“often” or “always’ when searching for medical information
on the Internet. Numerical values and statistical parametersare
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shown in Table 1 in Multimedia Appendix 2. Most physicians
reported frequently using general search engines (78%,
372/476), medical research databases (59%, 277/469), Wikipedia
(40%, 184/461), or medical society websites (38%, 176/467)
to obtain medical information online. Currently available
specialized medical search tools were reported as the least
popular resources (6%, 25/458).

Both the level of medical specialization and level of academic
experience were associ ated with how often physicians consulted
medical research databases. Medical professors were the only
group that cited using medical research databases (82%, 44/54)
as often as general search engines (75%, 42/54) during their
search for medical information. Specialists reported using
medical research databases more frequently than general
practitioners (68%, 185/274 vs 27%, 24/88; X,=44.905,
P<.001). On the other hand, general practitioners were more
likely than specialists to consult general health websites (36%,
31/87 vs 19%, 51/269; x22:12.813, P=.002), online physician
communities (17%, 15/86 vs 6%, 17/270; x2,=9.841, P<.001),
and medica forumsgblogs (12%, 10/86 vs 5%, 12/266;
x%,=9.841, P<.01). Medical professors were more likely than
speciadists without professorship to use medical research
databases (82%, 44/54 vs 64%, 141/220; x%,=7.461, P=.024),
and Wikipedia (52%, 27/52 vs 34%, 74/215; x22=7.461, P=.024).
Physicians in training were more likely to report using
Wikipedia (56%, 31/55 vs 37%, 131/353; x%,=8.997, P=.011),

Figure 1. Online resources used for obtaining medical information.

® Physician in Training ®General practicioner

Kritz et al

hospital/university websites (38%, 21/55 vs 27%, 95/357,
X%,=6.409, P=.041), and websites suggested by colleagues (15%,
8/54 vs 10%, 37/355; x°,=8.653, P=.001) than qualified
physicians. Qualified physicians were more likely than
physicians in training to consult genera medical society
websites (41%, 147/361 vs 29%, 16/55; x,=11,622, P=.003).

Overal, online physician communitieswererelatively unknown;
28% (116/419) of the total sample was unaware of their
existence. Only 24% of thetotal sample (72/303) reported using
such communities. Of those who did use them, the most popular
physician communities reported were “ Doctors.net” (n=10) and
“doc2doc” (n=8). However, 33% of general practitioners (29/89)
and 24% (65/276) of the specialists were unaware of the
existence of physician society communities. However, among
the physicians who were aware of their existence, genera
practitioners were more likely to access physician society

community websites than specialists (x%=19.083, P<.001).

We asked physicians which restriction criteriathey used during
their search for medical information. Overall, journals (48%,
150/333), source (35%, 136/391), and books (19%, 75/391)
were the most popular restriction criteria reported. Specialists
weremore likely than general practitionersto restrict their search
results to journals (50%, 130/258 vs 39%, 29/75; x?,=5.951,
P=.015) while genera practitionerswere morelikely to restrict
their search by source (45%, 34/75 vs 33%, 86/258; x21=4.911,
P=.0026).

m Specialist without professorship  mMedical professor

100%
90%

80% -

70% -
60% -

50% -

40% -

30% -
20% -
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How Much Time Do Physicians Spend on Sear ches?

The average amount of time that physicians were willing to
devote to complex queries was between 10-20 minutes (Table
3). In comparison to other groups, medical professors and
physicians in training devoted the largest amount of time to

http://www.jmir.org/2013/6/e122/

RenderX

complex queries. Genera practitioners reported devoting the
least amount of time to complex queries. A substantial
proportion (46%, 209/453) of physicians reported frequently
checking second and third pages of results.

JMed Internet Res 2013 | vol. 15 | iss. 6 [e122 | p.232
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Physicians in training devoted more time to complex queries
than qualified physicians (Mode: 20-30 minutes vs 10-20
minutes; X%,=9.619, P=.047). In total, 39% (21/54) of medical
professors reported that they would be prepared to devote more
than 30 minutes to a complex query. Medical professors were
more likely to devote time to complex queries (x24:25.3028,
P<.001) and check the second and third page of search results
(x?,=10.9823, P=.004) than specialists without professorship.

Thus, it appears that they had more time to search more
comprehensively.

How Successful ArePhysiciansat Searching the Web?

Table 4 illustrates how often physicians fail at retrieving
information from the Internet, why they think they failed, and
what they usualy did if they could not find the required
information.

Overall, 59% (266/453) of physicians reported “sometimes’,
“often”, or “always’ being confronted with situations where
they fail to retrieve the medical information they require from
the Internet. As many as 15% (67/453) reported that this
happened on a frequent basis (“ often”, “always’).

When asked about situationswhere answersto medical questions
could not be found on the Internet, most participants (76%,
278/368) indicated that an excess number of search results made
it too time consuming to select relevant information, and 24%
(90/368) were not sure how to formulate their query. Qualified
physicians were more likely (27%, 81/298 vs 10%, 4/41,

Kritz et al

)(21:6.121, P=.013) to express difficultiesin formulating search
gueries than physiciansin training.

As a consequence of failing to find the answer to a medical
guestion, most participants (61%, 261/427) reported doing
another, more specific search, and 8% (34/427) reported
consulting a colleague when failing to find the answer on the
Internet.

What AretheBarriersto Finding I nformation?
Inaccessibility to relevant information, lack of time, and
guestionabl e trustworthiness were the most prominent barriers
mentioned (Table 2in Multimedia Appendix 2). Other important
barriers were the absence of good quality filterg/ratings as well
as the questionabl e trustworthiness of search results.

In line with the findings illustrated in Table 3, genera
practitionerswere morelikely than specialiststo perceive alack
of time to find relevant information as a barrier to obtaining
medical information online (59%, 50/85 vs 43%, 111/260;
x21=7.231, P=.007). Physicians in training were more likely
than qualified physicians to perceive inaccessibility of relevant
information ()(21:6.7742, P=.009), too general search results
(x21:4.884, P=.0027), and questionable trustworthiness

()(21:8.045, P=<.001) as posing problems within the medical
search domain. The finding that “search results appeared too
genera” is not surprising, since, as noted earlier, most
participants reported the frequent reliance on generic search
engines and social media when obtaining medical information.

Table 3. Timethat physiciansreport having for answering complex questions (question: “How much time can you or are you generally willing to spend

on trying to find the answer to an important, complex clinical question?’).

Level of qualification

Level of medical specidization

Level of academic specialization

Qualified Physician Physicianin  General practitioner Specialist Specialist without Medica professor ~ Overal
% (n) Training % (n) % (n) professorship % () % ()
% (n) % (n)

<10min. 14 (50) 6(3) 19 (17) 12 (33) 14 (30) 6(3) 13(53)
10-20 min. 33 (122) 28 (15) 38(34) 32(88) 33(73) 28 (15) 33(137)
20-30 min. 23 (85) 32(17) 17 (15) 25 (70) 25 (55) 28 (15) 24 (102)
30-40 min. 17 (62) 11 (6) 18 (16) 17 (46) 19 (43) 6(3) 16 (68)
>40min. 12 (46) 24 (13) 8(7) 14 (39) 10 (21) 33(18) 14 (59)
Total 100 (365) 100 (54) 100 (89) 100 (276) 100 (222) 100 (54) 100 (419)
Central ten- Mode: Mode: Mode: Mode: 10-20 Mode: 10-20 min-  Mode: Morethan40 Mode: 10-
dency 10-20 minutes 20-30 minutes minutes utes minutes 20 minutes
Stetistical 2 -9 619, P=.047 Not significant X%4=25.3028, P<.001
signifi-
cance
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Table 4. Overall frequency, reason, and consequence of failure to retrieve medical information from the Internet.

Question Categories % (/N) &
Freguency of failure: “How often do you face the situation where you cannot find the answer to a medical question on the I nternet?
Never, Rarely 41 (187/453)
Sometimes 44 (199/453)
Often, Always 15 (67/453)
Reason of failure: “What isthe most common reason you failed to find an answer ?”
Too many search results, too time-consuming to choose 76 (278/368)
| was not sure how to formulate the query 24 (90/368)
Conseguence of failure
Do another search using search termsthat get MORE SPECIFIC 61 (261/427)
Do another search using search termsthat get LESS SPECIFIC 19 (81/427)
Nothing, | stop searching on the Internet 9 (40/427)
| send an email/Skype/chat with a colleague 8 (34/427)
| post the question in amedical forum/physician community 3 (11/427)

8N is based on the number of respondents that provided a response to the corresponding question in the questionnaire.

Search Tools and Advanced Search Options

As shown in Figure 2 and Table 3 in Multimedia Appendix 2,
the search engine features physicians reported to be most
important or desired were the possibility of “being able to
quality rate medical information and perceive ratings of other
physicians’ (52%, 212/410), advanced search (45%, 188/422),
being presented a list of popular websites (45%, 181/403),
suggested relevant topics (39%, 159/413), search of images
(33%, 133/409), and use from mobile platforms (33%, 137/412).
The 15 most important tools are illustrated. Numerical values
and statistical parameters are shown in Table 3 in Multimedia
Appendix 2.

Physiciansin training placed substantial importance on awide
variety of search tools, especially collaborative tools (physician
quality ratings), mediatools (mobile accessibility, image search),
and data selection tool s (advanced search). Congruent with these
findings, it was found that physicians in training were more
likely to report using mobile devices (P<.01) and placed higher
importance on the use of video for the presentation of medical
information (P=.022) than qualified physicians. Qualified
physicianswere morelikely than physiciansintraining to place
importance on the possibility to integrate patient data in the
search process (36%, 124/343 vs 18%, 9/50; x22:6.617, P=.037).
On the other hand, physiciansin training were morelikely than
qualified physicians to regard the existence of a spelling
correction tool as important (31%, 16/51 vs 18%, 61/348;

http://www.jmir.org/2013/6/e122/

x22:5.929, P=.052). A possible explanation for this finding is
that it could be assumed that they have less experiencein using
medical terminology.

General practitioners were more likely than specialists to
perceive the availability of medical calculators as important

(42%, 34/82 vs 30%, 77/258; X*,=6.538, P=.0038) and primarily
sought collaborative and data sel ection tools. Furthermore, they

were more likely than specialists to use the advanced search
options of restricting results by language (48%, 43/89 vs 35%,

97/278; x*,=5.148, P=.023) and country (23%, 20/89 vs 13%,

36/278; x?,=4.728, P=.003). Some of this effect could be

attributed to the fact that general practitioners reported lower
levels of medical English competence than specialists.

Being able to restrict results by date (45%, 190/422) and
language (36%, 153/422) were popular features, whilefiltering
search results by format (13%, 56/422) was comparatively
uncommon. Of the physicians whose mother tongue was not
English, 26% (145/391) reported using language filters.
Although language was not explicitly reported as a frequent
barrier and levels of medical English competency were reported
as high, a substantial proportion of physicians appear to prefer
content being presented in their mother tongue. Furthermore,
moderate importance was assigned to language tools such as
automatic completion of queries (23%, 95/409), spelling
correction (19%, 78/415), and automatic trandlation (15%,
65/421).
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Figure 2. Responsesto the question "How important do you perceive the following tools?', percentages of responses with the answer "Important" are

illustrated.
= Physician in training u General practicioner
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Specialist without professorship m Medical professor
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Principal Findings

In line with previous research [6], general-purpose search
engines (eg, Google), medical research databases (eg, PubMed),
and Wikipediawere popular resources, while specialized search
engines were unpopular. The popularity of medical society
websites (ie, websites representing organized groups of
physicians) was somewhat surprising. This could be explained
by the fact that these websites often contain large amounts of
peer-reviewed articles and medical news.

General practitioners were primarily interested in secondary
resources including general, “easy to use” health content and
collaborative resources (eg, physician network communities,
forums). In contrast, specialists, especially medical professors,
expected to access primary resources (eg, scientific journals,
PubMed abstracts). Qualified physiciansliked to access medical
society websites while physicians in training were drawn
towards encyclopedic resources such as Wikipediaand reported
consulting websites suggested by their colleagues.

Current medical search engines are often based solely around
primary resources and may consequently fail to address the
resource expectations of a substantial fraction of physicians.
Even though point-of-care databases (eg, UpToDate) provide
reliable, evidence-based clinical information, the reported use
among physicians was shown to be limited. A possible
explanation could be that most physiciansare not willing to pay

http://www.jmir.org/2013/6/e122/

RenderX

high subscription fees to access medical information. In line
with this notion, our study revealed that more than half of the
physicians in our sample prefer advertisement-driven, free
search services to paid services.

Our findings suggest that all groups of physicians, except
genera practitioners, are prepared to devote a considerable
amount of time to important complex queries. However,
physicians often fail to find the required information online.
Known barriers to medical information retrieval such as
inaccessibility of relevant information, questionable
trustworthiness, and information overload [12] are confirmed
by our findings. However, it appears that physicians either lack
thetime (general practitioner) or the skill (physician in training)
to perform adequate data selection and evaluation when
confronted with vast amounts of information.

The popularity of data selection tools (eg, suggested relevant
topics, popular websites where most users found the answer)
supportsthe notion that physicians seek help in finding relevant
search results. The importance of the medical colleague in
answering clinical questions has been verified over the last
decade [6,17]. However, it has remained unclear to what extent
the opinion of an anonymous colleague on the Internet can
provide the needed “ affirmation and support” [2]. Some support
for the importance of “digital colleagues’ was provided by the
substantial fraction of physicians requesting collaborativetools
(eg, functionality allowing them to share and perceive physician
quality ratings of medical content). A general practitioner might,
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for example, seek the feedback of a specialist to obtain help in
verifying content from general health websites. A specialist
may seek experienced digital colleague support to obtain help
in answering a complicated specific medical question. Thus,
our data suggest that physicians seek online colleague support
and feedback to aid them in data sel ection and medical decision
making.

The Internet provides physicianswith the opportunity to actively
communicate with colleagues al over the world and to share
information in the context of open-access platforms. Our results
confirm previous findings suggesting the growing dominance
of social media in the medical health domain [18,19]. Social
media have previously been defined to include both
“professional physician platforms’ as well as encyclopedic
open-access resources such as Wikipedia [19]. While creation
and usage of a specialized medical Wikipedia appears like an
interesting solution [20], the success of such projects has been
mixed [19]. A differentiated approach may be necessary. We
found that physicians in training are the most likely subgroup
to use Wikipedia while general practitioners are most likely to
use physician communities.

Medical professors reported the least reliance on collaborative
and data selection tools and primarily used tools such as
self-stored compendia, which can aid the preparation of
presentations or manuscripts. A possible explanation could be
that medical professors are more proficient in online data
selection due to high levels of research experience and
consequently require less help from other physicians.

An interesting finding was that despite language not being
mentioned as an explicit search barrier, and self-perceived
understanding of medical English being high, many physicians,
especially general practitioners, reported restricting their search
results by language. Thus, it appears that many physicians
residing outside the English-speaking domain are interested in
local information in their mother tongue. Possible explanations
could be apreferenceto read their mother tongue and increased
relevance of local resources to their health care settings.

Strengths and Weaknesses of the Study

At thetime of thiswriting and to our best knowledge, the current
study isbased on thelargest sample size of all detailed European
scientific studies on the professional use of the Internet by
medical practitioners. With regard to the large number of
guestions answered by each participant, it is one of the most
extensive studiesinthefield. A potential weakness of the study
is that it is biased against medical practitioners who use the
Internet rarely, since the questionnaires were primarily
disseminated via email, and the online promotion and the
guestionnaire were available only through a website. Another
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potential weaknessisthat the study is solely based on self-report,
while physicians have been found to overreport their use of
objective resources and underreport their reliance on subjective
sources such as colleagues[17]. Third, physiciansfrom certain
European countries (Austria, Switzerland, United Kingdom,
and France) and physicians living in urban areas are
overrepresented in the sample.

Possible Explanations and Implicationsfor Clinicians
and Policy Makers

General search engines are popular but offer vast amounts of
often irrelevant, invalid information that require physicians to
pursue substantial data screening and filtering. Appropriate
tools may help to overcome this problem. In terms of usability,
simple search systems such as Wikipedia and Google appear
to attract physicians, possibly due to time constraints but also
dueto their level of information need. A substantial proportion
of physicians seek secondary resources, struggle with limited
access to readabl e, high-quality content, and lack the time and
skill to pursue relevant data selection. Since the quality of
medical information accessed on the Internet is likely to
increasingly impact medical care, it may be of importance that
all physicians are trained in efficient online data selection and
have easy accessibility to high-quality resources. A potential
solution might also be governmental support of the development
of openly available, effective medical search engines, open
access to high-quality content for physicians and the
improvement of the quality of popular existing Web resources
such as Wikipedia.

Unanswered Questions and Future Research

Our research provides the investigative basis for questions that
need to be answered in further experimenta research. The
finding that most clinicians use Wikipedia and general search
enginesto obtain medical information rai sesthe question of the
impact of such behavior on the quality of medical care. It aso
needs to be investigated why physicians are largely unwilling
to pay for high-quality medical information services, and what
alternative financing models for such services could look like.
It is unknown to what extent different types of physicians have
the expertise to evaluate the reliability of content provided on
the Web. Level of initial knowledge or expertise may play a
central role in determining data selection skills and the type of
resources expected when searching for information. The extent
towhichinitial knowledge of a medical topic has an impact on
the type of medical resource used could be clarified in
experimental research. Further quantitative research representing
different health systems, including a higher proportion of
younger physicians and comparing different areas of medical
specialization, is needed.
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Abstract

Hedlth care professionals, patients, caregivers, family, friends, and other supporters are increasingly joining online health
communities to share information and find support. But socia Web (Web 2.0) technology alone does not create a successful
online community. Building and sustaining a successful community requires an enabler and strategic community management.
Community management is more than moderation. The developmental life cycle of a community has four stages. inception,
establishment, maturity, and mitosis. Each stage presents distinct characteristics and management needs. This paper describes
the community management strategies, resources, and expertise needed to build and maintain athriving online health community;
introduces some of the challenges; and provides a guide for health organizations considering this undertaking. The paper draws
oninsightsfrom an ongoing study and observation of online communities aswell as experience managing and consulting avariety
of online health communities. Discussion includes effective community building practices rel evant to each stage, such asoutreach
and relationship building, data collection, content creation, and other proven techniquesthat ensurethe survival and steady growth
of an online health community.

(J Med Internet Res 2013;15(6):€119) doi:10.2196/jmir.2501

KEYWORDS

online community; virtual community; health; patient; health care professional, community management; community strategy;
guidelines; tutorial; peer-to-peer health

institutions and organizations are adding social Web elements
totheir repertoire of patient and family support and care provider
collaboration tools. But social Web (Web 2.0) technology alone

Introduction

In her keynote address to participants of Medicine 2.0'11,

Susannah Fox pointed out that “Patients and caregivers know
things—about themselves, about each other, about treatments -
and they want to share what they know to help other people’
[1]. Thanks to the social Web, people facing a new diagnosis,
undergoing treatment, or living with chronicillnesscantapinto
larger networks. People are increasingly joining online health
communities to share information and find support [2]. Fox
went on to say, “Pew Internet research—and technology
innovators—have found that if you can enable an environment
inwhich people can share, they will and the benefitswill entice
otherstojoin” [1].

Recognizing the potential benefits and increasing popularity of
online patient support [2-7], more and more health care

http://www.jmir.org/2013/6/e119/

does not create a successful online community. A successful
community is one in which members participate actively and
develop lasting relationships [8]. Building and sustaining a
successful community requires an enabler [9] and strategic
community management [8,10].

This paper describes the community management strategies,
resources, and expertise needed to build and maintain athriving
online health community; introduces some of the challenges;
and provides a guide for health organizations considering this
undertaking. The tutorial draws on insights from an ongoing
study and observation of online communities as well as
experience managing and consulting a variety of online health
communities (see Table 1).
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Table 1. Online communities built and used in this research.

Young

Community Description

Dateof inception Number of members® Stage

SharingStrength/
FortesEnsemble [11]

Health Care Social Media
Canada[12]

A Canadian online resource library and
community for women with breast cancer

A community of practicefor peopleinter-
ested in exploring social innovation in
health care

CancerConnection/
ParlonsCancer [13]

Canadian Cancer Society’sonlinecommu-
nity for people touched by cancer (H.
Sinardo community manager)

Canadian Virtual Hospice/
Portail canadien en soins pal-
liatifs [14]

Online resources and community for peo-
pleliving with limited time, losing some-
one, caring for someone, or working
through grief

Mar. 2007 1050 Mitosis (archived & adopted)
Sept. 2010 6564 Maturity

Jan. 2011 2100 Establishment

Dec. 2011 477 Late Inception

8\lembership numbers as of Feb. 28, 2013.

At the time of writing this paper, the author (CY) manages the
online communities of Heath Care Social Media Canada
(hcsmcea) [12] and Canadian Virtual Hospice/Portail canadien
en soins palliatifs [14]. Hesmea was founded September 2010
and has since grown to become amature community of practice
of over 6500 members from all sectors of health care (health
care professionals and professional associations, patients,
caregivers, patient organizations, public health ingtitutions,
health educators, researchers, policy makers, communicators,
and many more). Unlike the other communities described in
this paper, hcsmca relies on socia media platforms such as
Twitter and Linkedin for itsonlineinteractions rather than online
community software.

Virtual Hospice's online community was first introduced in
2004, but after the initial launch, the discussion forums
languished with little to no activity. In 2011, the author joined
Virtual Hospice's team to develop and implement a strategic
online community management plan and establish a successful
community. Today, the fledgling, but active, community
continues to grow, providing peer-to-peer support and
information for a very specific point in the health continuum,
namely for peopleliving with life-threatening disease, for friends
and family who care about and for them, and for people dealing
with grief and loss (see Figure 1).

SharingStrength/FortesEnsembl e was a Canadian online resource
library and community for women with breast cancer. The

http://www.jmir.org/2013/6/e119/

websitewas archived in 2011 [11] and the thriving English and
French communities were successfully adopted by the Canadian
Cancer Society’'s then new online communities
CancerConnection and ParlonsCancer [13] for people touched

by cancer. During the adoption phase, the
CancerConnection/ParlonsCancer  communities were a
welcoming new home and the presence of

SharingStrength/FortesEnsemble’s  moderator (the author)
helped ease the transition of SharingStrength/FortesEnsemble
members. Additionally, SharingStrength/FortesEnsemble’s
community management practices and experience were
transferred through collaborative moderator team training, the
development of amoderation manual, and the creation of content
for and with the community. Strategic development of
CancerConnection/ParlonsCancer ~ continues.  Sustained
collaboration between the community managers of
CancerConnection/ParlonsCancer and Virtual Hospice helps
members who are entering palliative care, or are caring for
someone at the end of life, and who may wish to access the
resources and services at Virtual Hospice or join that
community.

Throughout the paper, the term “online community” is used;
some researchers use “‘virtual community”. While the terms
are interchangeable, online community is more widely used
[15].
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Figure 1. Virtual Hospice forum activity (captured April 2, 2013).
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emerge when enough people bump into each other often enough

As yet, there is no universally accepted definition of online
community. Howard Rheingold, who coined the phrase virtual
community, describes them as “cultural aggregations that

http://www.jmir.org/2013/6/e119/
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in cyberspace” [16]. A variety of disciplineshave studied online
communities, each one providing its own definition. Reviews
by Preece and Maloney-Krichmar [17] and Iriberri and Leroy
[8] illustrate how broadly defined online community isin this
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rapidly growing field. While Preece defines online community
as“any virtual social space where people come together to get
and give information or support, to learn, or to find company”
[15], in this paper, an online community is a group of people
who share a strong common interest, form relationships, and
interact online. This definition encompasses three of the
elementsrequired for a successful online community discussed
later in this paper:

«  share strong common interest = domain
- form relationships = sense of community
« interact online = activity

There are different types of online communities [18]. People
may form acommunity around acommon interest, place, action,
practice, or circumstance. While many of the strategies and
tactics outlined in this discussion apply to al types of
communities, specific examples focus on health communities.
(Multimedia Appendix 1listsall the online health communities
mentioned in this paper.) Most health- and disease-based
communities can be described as communities of circumstance.
Rather than seeking online social interaction about a chosen
interest, such as gardening (GardenWeb [19]) or citizenship
(BritishExpats [20]), patients and caregivers are motivated to
seek online interaction when a circumstance is imposed upon
them, such as a new diagnosis or a change in health or
well-being. They want to learn about their disease, get support,
be less afraid of the unknown, and help others in similar
circumstances [18]. Community memberswho have had similar
experiences and can respond empathetically [21] may encourage
strong relationships to develop, making patient and caregiver
communities some of the most important on the Internet [18].

Why Some Communities Succeed and
Others Fall

Some online health communities thrive, sustaining activity for
many years. Otherslanguish, resembling ghost towns[22]. Their
asynchronous tools, such as discussion forums (also known as
message boards), often have multiple threadswith few messages
and last-post dates that are long past. Synchronous online chats
and events are not well attended. Why do some communities
succeed where others fail?

The success or failure of an online community depends, in part,
on an organization's commitment to sustained organizational
and financial support for dedicated community management.
Many health organizations are most concerned about the
proliferation of misinformation [18]. While monitoring for
misinformation through moderation and community watch
mechanisms is important [3,23], developing and sustaining a
successful online health community requires more than
reactionary observation.

To build athriving online community, organi zations must ensure
they have organizational commitment and the financial and
human resourcesto not only start an online community, but also
to support its growth and to evolve with the community
throughout its life cycle. There are many flourishing online
health communities. Before deciding whether to start an online
community, resource-strapped health organizations should

http://www.jmir.org/2013/6/e119/
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perform an environmental scan and consider whether their
proposed community differs from those that exist or whether it
makes more sense to seek collaborative opportunities with an
established community. I nvestment in community management
is imperative to an online community’s success [24].
Furthermore, an organization needs to

- establish and understand the domain of the proposed
community [9]

« develop and sustain a community management strategy
according to the community’slife cycle stage [8]

- foster a sense of community [25]

The Domain

The domain is the common ground and sense of common
identity upon which acommunity is built. Clearly defining the
domain—whom the community is for, and why—affirms its
purpose and value to both the community members and other
stakeholders. The domain inspires people to participate in and
contribute to the growth of the community [9]. In the case of
health communities, domain may simply be a disease, such as
cancer (CancerConnection [13]) or Crohn’sdisease (Crohnology
[26]), or life stage, such as birth (BabyCenter [27]) or death
(VirtualHospice [14]).

An online community’s purpose and membership motivation
al so hel p determine which management strategies and platform
toolswill most likely contributeto its success[8,28]. In the case
of online health communities, the purposeis usually to provide
support and information to hel p people managetheir health and
well-being. Given that members are motivated by their need to
receive emotional support, to reciprocate support, to learn, and
to offer practical information, discussion forums are often the
first platform tool introduced to a community platform. Asthe
community evolves, the community manager may add tools
that help members build a knowledge base or aggregate the
community’s collective knowledge, such as a wiki to develop
an e-book, group areas focused on a particular topic, or blogs
led by specific community members.

The Community Life Cycle

Reviewing online community research, Iriberri and Leroy
recognized that online communities evolve through distinctive
life cycle stages: inception, creation, growth, maturity, and,
sometimes, death [8]. Iriberri and Leroy devel oped aframework
of recommendations for success relevant to the devel opmental
stage of the online community. Thisframework has been widely
adapted and refined by community management practitioners
to build successful online communities and will be discussed
in more detail later in this paper.

Sense of Community

Successful communities possess a strong sense of community,
which comprises four elements [29]:

«  Membership: Individuals have a fedling of belonging to,
and identify with, the community.

« Integration and fulfilment of needs: The goasof individuals
match those of the membership as a whole. As members
satisfy their own needs, they also meet the community’s
needs.

JMed Internet Res 2013 | vol. 15 | iss. 6 [e119 | p.242
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

« Influence: Membersfeel they matter within the community
and that they can influence and be influenced by the
community.

- Attachment: Members share an emotional connection.
Members believe they share or will share common history,
places, or experiences.

Historically, measures of the sense of community in online
communities have been adapted from McMillan and Chavis's
widely used measure of sense of community for face-to-face
communities [30]. Evaluating these four elementsin an online
community offers insight into whether the online interaction
can be defined as merely an online “ settlement” [25], such as
comments on a Facebook fan page, or atrue online community,
where membersdisplay actionsreflecting feelings of belonging,
influence, and attachment, and both their own as well as the
community’s needs are being fulfilled. The Association of
Cancer Online Resources (ACOR) [31] is a prime example of
atrue online community. ACOR isone of the oldest (established
in 1995) and arguably the best known of online cancer
communities, with a long history of sustained activity and a
large body of reputable collective intelligence of hundreds of
patients and caregivers.

While similarities exist between the sense of community of
face-to-face and online communities, there are significant
differences [30]. Given the increasing popularity of online
communities and social networking, more research in this area

Figure 2. Lifecycle of an online community (by Richard Millington).

I nception

The inception stage of an online community begins as soon as
an organization beginsto engage potential community members
[32]. During the inception phase, the community manager

«  develops relationships with potential members

http://www.jmir.org/2013/6/e119/
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would be useful. Blanchard’'s Sense of Virtual Community
measure represents a significant first step [30].

Guidelines for Building and Sustaining a
Thriving Online Community

The Community Life Cycle

Depending on a community’s developmental phase, its
community management goals, strategies, priorities, and basic
tasks will evolve. Figure 2 illustrates Richard Millington’s
adapted version of thelife cycle of an online community based
on Iriberri and Leroy’sresearch [8,10]. This section introduces
Millington’s four stages and explains how they can be used to
build an online health community. It also expands upon the
mitosis stage, examining the possibility of arranging for the
adoption of a community and how to avoid the death of a
community.

Understanding a community’s life cycle stage by monitoring
its growth and activity (ie, posts, chats, events, and private
messages) will help community managers decide when to adjust
their community tactics and what changesthe community would
welcome and will enable them to substantiate the proposed
evolutions for stakeholders. A community’s life cycle is not
linear and managing its growth, activity, and design is an
iterative process that must adapt to the needs of the members
and the community’s purpose.

- invites them to join and participate and encourages them
to remain active

- helpsestablish tone and style

« recruitsand nurtures an active core group to be community
ambassadors
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At the beginning of the inception stage, most of a community
manager’ stime is dedicated to making connectionsand building
a core group of active members. This work should start even
before the community platform is available. Community
managers seek potential members by tapping into their personal
and professional networks and their organization’s networks,
monitoring discussions on social media, and recruiting volunteer
participants. In other words, online community building starts
with many one-on-oneinteractions, many of which occur offline.
As Millington points out, “Getting your first 50 members is
really hard work. It's much harder than you probably imagine.
In fact, earning those first 50 people isafull-timejob” [32].

Many health organizations have a volunteer corps. Volunteers
can be recruited and offered training on how to use the
community platform and how to foster supportive conversation
online (see Figure 3 for an example of a volunteer group, the
“Care Team” from Tudiabetes [33]). Volunteers can seed the
community—engage in conversations among themselves—to
ensurethereisactivity before new potential membersareinvited
to the online community. It is vital to have activity in the
community, especially in health communities, because no one
wants to seek support from, or ask a vulnerable question into,
avoid [34].

Engaged volunteers welcome new members and ensure they
receive timely—ideally immediate—replies. Reducing thetime
between posting amessage and receiving aresponse encourages
new people to stay engaged with the community members and
to become committed members[35]. Receiving a prompt reply
to a comment (within minutes) is far more memorable than
receiving a reply hours or days later [36]. Implementing an
opt-out notification system that alerts members by email when
there is a new response to their contributions promotes quick
response by both new and core members and can increase
participation and activity [36].

Young

Core members, including volunteers, play a vita role in the
success of a community. They provide activity, but they also
establish the tone of the conversation, welcome newcomers,
connect people in the community, give lurkers (people who
read but do not post) the confidence to join the conversation,
and invite people to the community. Core members also help
make improvements to the community, such as identifying
possible barriers to participation and usability problems. In the
inception stage, all new members are potential core members.
Community managers have the opportunity to demonstrate to
early adopters that they matter and that they have influence;
managers should a so ensure that there are channel sfor members
to give their feedback. In the beginning, many members join
because of a direct invitation. Beyond asking them to join,
community managers should guide new members as to what
they can do, for example, respond to a particular thread, start a
blog on a given topic, add to the profile page, etc.

During the inception stage, slow, steady growth is best.
Successful community managers integrate afew members at a
time and work at converting visitorsinto active members. Thus
the goal isnot to accrue alarge number of registrants, but rather
to steadily grow the number of members who are committed to
participating [32]. As activity and membership grow, the
community manager will

» observe behaviors and make adjustments to usability,
design, and strategy according to member feedback and
behavior

- look for on- and offline event opportunities, such as live
chats or in-person meetings

» increase activity and nurture a sense of community

- moderate posts and remove or correct misinformation

As membership and activity grow, community management
strategies will gradually shift to establishment-stage activities.

Figure 3. Screenshot from Tudiabetes (they created a group for volunteers, who ensure new members are welcomed).
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Establishment

The establishment phase of the community’s life cycle begins
when members generate more than 50% of the activity and ends
when they generate most (90%) of the growth and activity and
when the sense of community starts to develop [32]. At this
stage, the community manager focuses on modified versions of
the inception-phase tasks, such as

« adding, nurturing, and supporting core members

« increasing activity with an eye to deepening the sense of
community

« continuing with the growth strategy and broadening
outreach

«  expanding community tools

Activity remains the prime focus of the establishment phase.
Supporting, observing, and investing time in the community’s
core members helps achieve the remaining goals of the
establishment period, namely growth and a deepening sense of
community [30]. As the community matures, trust and lasting
relati onships begin to emerge and the strengths of core members
reveal themselves[37]. Community managers should capitalize
on the roles that core members start to assume, assigning them
ownership of these roles and rewarding them for their activity,
such as by featuring them in a newsletter article or blog post or
by developing a system of recognition awarding status, for
example, highlighting the most hel pful members or most viewed
posts. Inthe community PatientsLikeMe[38], membersreceive
profile starsto indicate the amount of health information they’'ve
shared (see Figure 4). The stars show other members who has
shared how much. Once amember receives the maximum three
stars, they can apply for mentor status. Note that the
PatientsLikeMe model assumes that the more members share,
the more they can understand about their own experience and
presumably the more they help others to learn. However,
guantity does not trump quality. A single quality post from a
regular member can also have a significant positive effect on a
community. Community managers may wish to highlight the
best comments of the week or month to recognize influential
members.

As their commitment deepens, core members become more
invested in the community’s success. The community manager
can encourage further organic growth by developing a
word-of-mouth referral plan, leveraging the commitment of
these community ambassadors [32]. As Millington points out,

http://www.jmir.org/2013/6/e119/
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it is first important to understand what motivates people to
recommend a community (give a referral). They may be
motivated by the potential to

« increasetheir status within the community
« increasetheir status outside the community
« help othersin asimilar situation

«  help build the community

The first two motivations can be satisfied by recognizing key
members and their contributions as mentioned above. For the
latter two, the community manager can implement mechanisms
that cater to the “pay it forward” sentiment that is prevalent
among patients and caregivers and is akey motivator for health
communities. Online community members often have offline
interactions with other patients and caregivers, health care
providers, and support organizations. These interactions can be
fertile ground for promoting the community and its benefitsand
for extending invitations to join. Community managers should
encourage and facilitate these opportunities.

While direct invitations to join the community continue, the
community manager’s outreach efforts can shift to include
broader awareness tactics at this stage, such as writing about
the community (submitting articles to relevant newsletters and
posting to social mediachannels and related blogs) and making
presentations at relevant conferences and events.

Creating content for and about the community intensifies the
sense of community. Content examples include producing a
community newsletter or community section in the
organization’s existing newsletter, writing newsletter articles
or blog posts about individual core members or inviting them
to make a newsdletter or blog contribution, or producing avideo
featuring the community and its membership.

New members and new activity bring new ideasfor discussions,
for new roles and responsibilities, and for the development of
new tools, features, and technologies. Thus, during the
establishment phase, the community manager also continuesto

« moderate posts

« monitor growth and activity

- make usability, design, and strategy improvements
according to member feedback and user behavior data

«  Ccreate event opportunities

Gradually, the community will evolve to the maturity phase.
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Figure 4. Profile of amember who has achieved mentor status on PatientsLikeMe site.
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Maturity

An online community’s maturity stage begins when more than
90% of activity and growth are generated by members [32].
Many successful communities oscillate between the
establishment and maturity phases as members retire from the
community and community management strategies circle back
to inception and establishment phase tactics to spawvn new
activity with new members. In the maturity stage, the size of
the community reachesits critical mass, activity continues, and
a sense of community is well established. While mature
communities are often considered self-sustaining, the need for
community management strategy and activity remains. The
community manager’s attention turnsto

»  training core membersto assume rolesto maintain activity

- gtimulating referrals and promoting the community to new
members

« intensifying the sense of community

. ng and optimizing processes

« developing collective value

The community manager should monitor the community and
identify opportunitiesto develop collective value, whichinturn
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intensifies the sense of community and will help promote the
community. Collective value can be developed through
co-creation, that is, involving community members to produce
something together, such as a community charter or an e-book
about the community or on a subject that represents the
collective's area of expertise. Members could be asked to write
content for third-party publications or to respond to asurvey to
gather feedback on proposed improvements, giving them
ownership of the changes. In the case of hcsmca, which is a
mature community, members have been invited to become more
involved, and some have taken initiative to create new roles
and participation in co-creation of documentation and activities,
for example:

«  moderating weekly online chats

« organizing in-person meetings (meet-ups)

« writing blog posts about their experiencein the community
or about community activities

« anayzing the community (see Figure 5)

»  creating documentation (eg, archiving of chat transcripts)

Many communities remain in the maturity stage for years and,
if they maintain sustainable member size, may never reach
mitosis or death [8,10].
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Figure5. Infographic created by a hcsmca community member about the community.
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can no longer influence the community and they disengage. If
the community manager does not do enough to mitigate this
situation, the community will quickly die.

With proper monitoring and data collection during the
establishment and maturity phases, however, the community
manager will observe special interest groups emerging and will
be ableto create splinter groups or community subsets[10]. For
example, acommunity for women with breast cancer may create
a subcommunity of young women with breast cancer. While
the word mitosisimplies division into identical cells, a splinter
community will develop its own culture and characteristics, not
necessarily duplicating those of the parent community.

Each splinter community will return to the inception phase and
progress through the life cycle. Because the community
management effortsfor each splinter community equal the effort
of starting anew online community, initiating one splinter group
at atimeisadvised [32].

Millington's adapted version of Iriberri and Leroy’s online
community cycle appears most applicable. It is practical and
quite comprehensive; however, “Adoption” should be added to
the life cycle for organizations that can no longer fund or
otherwise support their thriving online community. Sometimes
burgeoning or thriving online communities are forced to die a
premature death when funding priorities shift or dry up despite
the success of the community. In such cases, planned adoption
can support the survival of the community of people.
SharingStrength/FortesEnsemble is one example of successful
adoption of a community when the funder’'s priorities were
redirected [11].

Like Iriberri and Leroy, Millington refers to the possibility of
thefina life stage: death. Understandably, however, his practice
guidelines do not focus on this stage because he contends that
good community management practices render this stage
avoidable[39]. Hewrites, “ You have a short window to reverse
a decline before it becomes a death spiral”. Community
managers can avoid the death spiral by monitoring metrics of
growth, activity, and sense of community, in other words,
measuring for success.

Measure for Success

Metricsfor quantifying the success of online communitiesvary
widely [15,40]. In her paper from 2001, Preece suggeststracking
determinants that measure community members sociability
and the usability of the technology to measure success.
Sociahility refersto how members of acommunity interact with
each other on the community platform or technology; usability
is primarily concerned with how users interact with the
technology. Analysis of a community at key points in its life
cycle using rigorous determinants is highly recommended. For
example, Preece outlines the evaluation of the purpose, people,
and policy of acommunity (sociability) and information design,
navigation, access, the dialogue and social supportslike prompts,
use of avatars, etc (usability) [15]. However, collecting such
thorough dataregularly islikely unrealistic for most community
managers.

http://www.jmir.org/2013/6/e119/
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One can also apply many useful health-related metrics, such as
self-efficacy and quality of life, to analyze online communities.
For the purpose of this paper, the focusis on metrics specifically
pertinent to the community manager’s role in developing a
thriving online community. This role includes ascertaining the
community’s needs and identifying relevant community trends
and developments to steward the health of the online
community—its growth, activity, and sense of community—and
to foresee and fix negative trends before they become problems.
Thus, it is important to monitor the trends and to gather data
that will

«  keep track of the growth of the community

- demonstrate activity and engagement (sociability)

- improve the community, discover problems, and validate
what works (sociability and usability)

«  report progress and demonstrate the value of the community
to stakeholders, including community members

Community managers should collect a manageable amount of
dataregularly, consistently, and accurately over thelife of their
community. Millington recommends tracking active members
to determine growth and engagement [41]. Growth data should
include not only the number of registrants (members), but also
the number of registrants who contribute (active members) and
the number who made a contribution in the past month. Having
a high number of registrants relative to the number of
participants signals a low conversation rate and may indicate
the existence of barriers to participation (usability). Knowing
who has not contributed in the past month can inform targeted
outreach activities.

Activity and engagement data help determine where the
community is in its life cycle (a more engaged community
equals a more developed community) and identifies potential
problemsearly, when they can be more easily corrected. Activity
and engagement can be assessed by monthly tracking of the
number of posts, the average number of contributions per active
member, the average number of responsesto apost, the average
time for a post to receive a response, and the average number
of visits per active member [10]. By identifying the activity and
engagement |level, the community manager can validatethelife
cycle stage and introduce strategies and tactics appropriate to
that stage. Managers can use the data to recognize the type of
conversations and activities that generate the highest
engagement, which member behaviors are most apt to lead to
increased activity, and whether too few members are dominating
the conversation.

Table 2 lists examples of growth and activity data that
community managers could track monthly to monitor the health
of their community. The data can be used to track trends and
progress, to help identify which community management
strategies and activities are working, and to improve those that
arenot. These data can also be used to devel op tactical activities
to promote growth and activity tailored to the community’s
members, potential members, and technology.
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Table 2. Examples of growth and activity data that community managers could collect.

Measurement (monthly) Key questions

Number of first-time visitors® to community

Are people finding the community? What outreach tactics can be used, or technology optimizations

made, to increase the number of visits?

Number of new members (registrantsb)

What is the conversion rate from visitor to member? | s there a usability barrier to registration? Isthe

platform optimized to motivate visitors to become members? Are outreach tactics attracting the kind
of people suited to the community?

Number (or percentage) of active members®

who made a contribution (post)
rate)?

Number of new active members
members?

Number of returning active members
Total number of active members

Total new posts
polls)?

Average number of contributions per active
member

What is the conversion rate from registrant to active member? What motivates people to participate
(high conversion rate)? Why are people motivated to register, but not to participate (low conversion

What influences are successfully motivating new members to participate and then to become active

Are an increasing number of regular members remaining active? Why or why not?
Have new members become active members? Why or why not?

Is activity consistently increasing? Where is activity greatest (eg, discussion forums, blogs, groups,

Is this number increasing or decreasing? Should more effort be dedicated to activity of existing
members rather than growth? What activities are contributing to increased activity or not?

Visitor = someone who has visited the community but has neither registered nor contributed.
bMember (registrant) = someone who has registered with the community but has not yet made a contribution.
CActive member = someone who has made a contribution within a determined period of time (eg, past month).

Periodic sample measurements of the community can also be
useful. For example, calculating the number of contributions
per active member over agiven period can demonstrate whether
the activity is shared among many or few members, identify
the community leaders, and discover who is contributing
infrequently. Speed of response, how much response, and what
kind of response should be monitored. As mentioned earlier,
the quicker that members receive a response, the higher the
sociability of the community, which usually leads to more
activity [35].

It can be useful to know who is participating in the community.
However, gathering al demographic information during the
registration processisill advised—doing so can be abarrier to
participation. Instead, memberswho fill out their profile can be
used as ameasurement of engagement and sense of community,
ie, a measurement of initial successful engagement. Members
who have not completed their profile provide an opportunity
for community managersor recruited volunteersto contact them
and obtain valuable feedback about why they have not
completed their profile. Perhaps thereis a usability issue or the
member needs encouragement or mentoring to feel part of the
community.

One could also consider surveying the community to assess its
sense of community. As mentioned, Chavis et al developed a
sense-of -community index, which Blanchard adapted for online
community usein 2007 [30]. But as Millington points out, there
is a limit to how often members will agree to be surveyed.
Furthermore, members who voluntarily respond to surveys are
often the most engaged community members and those who
feel the strongest sense of community [10]. Such surveys will
likely produce biased results. Nonethel ess, community managers
should find ways to gather feedback from members and ensure
members have clear and simple channels to provide it.

http://www.jmir.org/2013/6/e119/

Challenges

Many health organizations are most concerned about disclosure
of persona health or other sensitive information and the
proliferation of misinformation [3,18,23]. However, experience
and observation show that clear policies, proactive community
management, and active moderation and community
participation render these concernslargely unfounded for online
communities associated with reputabl e organizations. It should
be noted that some communities exist for the sole purpose of
encouraging unhealthy behaviors, such as pro-anorexia groups
[42]. Thisdiscussion refersto online communities that support
healthy behaviors and how they manage transgressions of their
terms of use.

Clearly stated policies make it easy for moderators to
modify—and in some cases remove—posts that contravene
terms of use, such as commercial postings, advertisements, or
impersonations; posts that relate to illegal activity; those that
contain disrespectful language, etc [43,44]. For example,
Macmillan Cancer Support’sonline community had to deal with
a member posing as a cancer patient. In a blog post [45], the
moderation team described the transgression to the community,
expressed empathy for the upset it may have caused, explained
how members can protect themsel ves, and gave an opportunity
for the community to discuss the situation.

Community managers, moderators, and core members model
behavior and can guide members who may have unwittingly
shared sensitive information or misinformation. This modeling
establishes and maintains the desired tone of a community.
Communities with a secure sense of community can rely on
responsive self-policing to correct misguided behavior and
misinformation. In fact, rather than removing misguided
information, allowing and enabling community members to
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correct misconceptions and provide balanced debate can be a
very productive bonding opportunity that deepens the sense of
community and establishes the value of collective knowledge.
On hesmcea sLinkedln Group page, a marketing manager made
a commercial post about her company’s upcoming patient
experience conference that did not include patients. This
contravened the community’s principle of including patients.
The ensuing conversation demonstrated hcsmea's community
cohesiveness, resulted in an informative discussion, and
deepened the community’s sense of purpose and influence [46].
Because the hcsmca community relies on Twitter for the
majority of its online interactions, one might think it would be
more susceptible to abuse with little recourse to correct
misbehavior. However, the tight-knit nature of the community
and itsunified understanding of the community’s purpose guards
its principles and guides the behavior of newcomers, quickly
correcting or rejecting misuse.

Clinical study recruitment may be desirable in some health
communities. If so, guidelines and criteria about how, what,
and where to post for recruitment should be readily available
for researchersto consult. Recruitment policies may change as
acommunity matures. For example, arequest for photo subjects
was posted on Virtual Hospice when the community was just
starting out [47]. The post was removed and the poster, who
had no interest in becoming a community member, was invited
to submit the request through more appropriate channels of the
organization. In amore mature community, such arequest may
not have been inappropriate.

As these examples demonstrate, undesirable behavior does
happen in online communities, but responsive community
management can maintain the integrity, reliability, and value
of the collective community knowledge.
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The bigger issue challenging the success of online communities
is the failure to recognize the time and effort required to build
a thriving and reputable online health community. Building a
community takes organizational commitment as well as
sustainable financial and human resources throughout the
community’slife cycle[48]. An evidence-informed community
management strategy [49] and a dedicated, experienced
community manager can ensure an online community’s SUCCESS.

Conclusion

Most of the practices discussed in this paper are not unique to
health communities. However, establishing an online health
community’s purpose and its members motivations helps
community managers modify these practices to talor the
engagement tactics for online health communities. As people
increasingly turn to online health communities for information
and support, it is vital to realize that community management
is more than just moderation (see Multimedia Appendix 2).
Behind each thriving online community is an enabler—a
community manager who establishes the tone, proactively
initiates and maintains growth through outreach and by
encouraging member referrals, ensuresregular activity, nurtures
core members, hosts events, creates content for and about the
community, fosters a sense of community, and constantly
gathers data and feedback to guide and improve the community.
A successful online community manager will adapt the
management strategy as the community evolves through the
various stages of its life cycle. “Fostering participation is one
of the most difficult, yet crucial, roles for online facilitators’
[50].
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Multimedia Appendix 2
A 12-point summary to building a successful online community.
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Abstract

Background: Recent research identifies unhealthful weight-control behaviors (fasting, vomiting, or laxative abuse) induced by
a negative experience of the body, as the common antecedents of both obesity and eating disorders. In particular, according to
the allocentric lock hypothesis, individual s with obesity may be locked to an allocentric (observer view) negative memory of the
body that isno longer updated by contrasting egocentric representations driven by perception. In other words, these patients may
be locked to an allocentric negative representation of their body that their sensory inputs are no longer able to update even after
ademanding diet and a significant weight loss.

Objective: To test the brief and long-term clinical efficacy of an enhanced cognitive-behavioral therapy including a virtual
reality protocol aimed at unlocking the negative memory of the body (ECT) in morbidly obese patientswith binge eating disorders
(BED) compared with standard cognitive behavior therapy (CBT) and an inpatient multimodal treatment (IP) on weight loss,
weight loss maintenance, BED remission, and body satisfaction improvement, including psychonutritional groups, alow-calorie
diet (1200 kcal/day), and physical training.

M ethods: 90 obese (BM1>40) female patientswith BED upon referral to an obesity rehabilitation center were randomly assigned
to conditions (31to ECT, 30 to CBT, and 29 to | P). Before treatment completion, 24 patients discharged themsel ves from hospital
(4in ECT, 10in CBT, and 10 in IP). The remaining 66 inpatients received either 15 sessions of ECT, 15 sessions of CBT, or no
additional treatment over a 5-week usual care inpatient regimen (IP). ECT and CBT treatments were administered by 3 licensed
psychotherapists, and patients were blinded to conditions. At start, upon completion of the inpatient treatment, and at 1-year
follow-up, patients' weight, number of binge eating episodes during the previous month, and body satisfaction were assessed by
self-report questionnaires and compared across conditions. 22 patients who received al sessions did not provide follow-up data
(9IinECT,6inCBT,and 7 in IP).
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Results: Only ECT was effective at improving weight loss at 1-year follow-up. Conversely, control participants regained on
average most of theweight they had lost during the inpatient program. Binge eating episodes decreased to zero during the inpatient
program but were reported again in all the three groups at 1-year follow-up. However, a substantial regain was observed only in
the group who received the inpatient program alone, while both ECT and CBT were successful in maintaining a low rate of
monthly binge eating episodes.

Conclusions: Despite study limitations, findings support the hypothesis that the integration of aVVR-based treatment, aimed at

both unlocking the negative memory of the body and at modifying its behavioral and emotional correlates, may improve the
long-term outcome of atreatment for obese BED patients. As expected, the VR-based treatment, in comparison with the standard

CBT approach, was able to better prevent weight regain but not to better manage binge eating episodes.

Trial Registration:

International Standard Randomized Controlled Trial Number (ISRCTN):

59019572;

http://www.controlled-trials.com/| SRCTN59019572 (Archived by WebCite at http://www.webcitation.org/6GxHxAR2G)

(J Med Internet Res 2013;15(6):€113) doi:10.2196/jmir.2441

KEYWORDS

virtual reality; obesity; binge eating disorders; allocentric lock hypothesis

Introduction

Binge Eating Disorder (BED) is proposed in the Diagnostic and
Satistical Manual of Mental Disorders (DSM IV-TR) asanew
diagnostic category, requiring further research, within the
spectrum of the category Eating Disorders Not Otherwise
Specified (EDNOS). BED is characterized by eating a much
larger amount of food than most people would consider normal
in a discrete amount of time (2 hours). Thisis associated with
alossof control about what and how much is eaten, but without
the compensatory behaviors (vomiting, use of |axatives) typical
of bulimia nervosa[1]. On average, individuals suffering from
BED have a high prevalence of psychiatric and medical
comorbidities, as well as obesity [2]. In fact, BED may occur
in up to 30% of extremely obese subjects seeking treatment at
weight loss programs [3], and obesity may be observed in
approximately 65-70% of people with BED [4]. Cognitive
behavioral therapy (CBT) can be considered one of the better
clinical approaches available to treat BED [5]. CBT has been
shown to reduce binge days and episodes and to improve the
psychological features of BED, such as measures of restraint,
hunger, and disinhibition surrounding eating. However, CBT
alone has not shown strong results in decreased weight and
sustained weight reduction in the mid-term (3- and 6-month
follow-ups) [2,5].

The rising prevalence of weight-related disorders and the lack
of a clear solution are pushing eating disorder and obesity
researchers to start collaborating across fields to address them.
In particular, their effort is focused on the identification of risk
factors that are shared between these weight-related disorders
[6]. Apparently, unhealthful weight-control behaviors, such as
fasting (going without eating for 24 hours for weight control),
vomiting, or laxative abuse, are the common antecedents of
both obesity and eating disorders [6-11]. For example,
Neumark-Sztainer and colleagues [7] discussed the results of
the Project EAT |1 (Eating Among Teens), alongitudinal study
involving 2516 ethnically and socioeconomically diverse
adolescents. They report that, 5 years|ater, the use of unhealthful
weight-control behaviors increased the risk for binge eating
with loss of control by afactor of six, for being overweight by
afactor of three, and for extreme weight-control behaviors, such

http://www.jmir.org/2013/6/e113/

as the use of diet pills and self-induced vomiting by a factor
between two and five. A similar result was found by Stice and
colleagues [11]: in a different longitudinal study fasting was
the best predictor for the future onset, 5 years later, of binge
eating and bulimia nervosa. These data have an important
clinica implication: the evidence that youths practicing
unhealthful weight-control behaviors are at higher risk for
obesity implies that prevention and treatment interventions
should also focus on the causes of these behaviors. A study by
Kostanski and Gullone [12] with a sample of 431 Australian
pre-adolescent children (7-10 years) offers a possible
interpretation: pre-adolescents as young as 7 years of age are
unsatisfied with their body appearance and deliberately engage
in restrictive eating behaviors. Moreover, a recent study [13]
showed that in adol escents frequent self-weighing is associated
with lower body satisfaction and higher rates of unhealthy and
extreme weight control behaviors.

In particular, according to the allocentric lock hypothesis (ALH)
[14,15], individuals with obesity and eating disorders may be
locked to an allocentric (observer view) negativeimage schema
[16] of their body that is no longer updated by contrasting
egocentric representations driven by perception. In other words,
these patients may be locked to a negative image of their body
that perception isnot ableto update even after ademanding diet
and asignificant weight loss. In sum, they cannot win. Whatever
they do to modify their real body, they will always be locked
in a negative body perception that they hate. This situation
usually hastwo effects: subjectseither start moreradical dietary
restraint or, at the opposite end, decide to stop any form of food
control and start “disinhibited” eating behaviors. The passage
from a locked allocentric representation to eating or weight
disorders may be explained by socia influence: media and
culture promote diet as the best way to improve body image
satisfaction. However, the impossibility of improving body
image, even after a demanding diet, locks the patient into an
unsatisfying body experience.

Although the ALH is starting to be backed by research data
with anorectic patients[17,18], we decided to includeinaCBT
approach avirtud reality (VR) protocol aimed both at unlocking
the negative memory of the body [15] and at modifying its
behavioral and emotional correlates within an inpatient,
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medically managed,
treatment.

intensive cognitive-behaviorah BED

The purpose of this study isto evaluate the brief and long-term
efficacy of the proposed approach (V R-enhanced CBT for obese
inpatientswith BED) in arandomized controlled trial. Outcome
measures are weight, number of binge eating episodes during
the previous month, and body satisfaction. We hypothesize that
the VR-enhanced CBT (ECT) is more effective than standard
CBT and a control condition in (1) maintaining and further
improving weight loss, and (2) maintaining binge eating
remission at 1-year follow-up after discharge from amultimodal
medically managed inpatient program (IP). Furthermore, we
hypothesize that ECT is more effective than standard CBT and
a control condition in improving and maintaining body
satisfaction.

The study was approved by the Ethical Committee of the I stituto
Auxologico.

Methods

Participants and Procedures

This study was a randomized controlled trial (ISRCTN
59019572). Intotal, 124 consecutive patients seeking treatment
at the Eating Disorder Unit of the Istituto Auxologico Italiano,
Verbania, Italy, were seen for screening interviewsfor admission
to the study. Criteria for participation included the following:
(1) women aged 18-50 years, (2) who met DSM-IV-TR criteria

Table 1. Baseline characteristics.

Cesaet a

for BED for at least 6 months prior to the beginning of the study,
(3) no other concurrent severe psychiatric disturbance
(psychosis, depression with suicidal risk, acohol or drug abuse),
(4) no concurrent involvement in other treatment for BED,
including pharmacotherapy, (5) no concurrent medical condition
not related to the disorder, and (6) written and informed consent
to participate.

Of these, 34 either did not fulfill inclusion criteria or were
excluded for other reasons (eg, time constraints). All patients
meeting the inclusion criteria were then consecutively and
randomly assigned to one of the three experimental conditions
described bel ow. The randomization scheme was generated by
using arandomization website [19]. After allocation, 24 patients
declined participation in the study (Figure 1). Intotal, 66 female
patients (mean age 31.79+7.9 years, mean weight 106.6+17.7
kg, mean height 162+7 cm, mean BMI 40.5+5.2) entered the
treatment phase (Figure 1; adetailed description of theinclusion
criteriaisincluded in the CONSORT-ehealth form availablein
Multimedia Appendix 1). The sample characteristics are shown
in Table 1. Baseline comparisons among the three groups
showed a difference only in marital status. Percentages of
married patients were significantly higher in the IP group and,
to alesser extent, in the ECT group than in the CBT group.

The VR-enhanced CBT and traditional CBT (see below for
treatment details) were administered by 2 licensed clinical
psychologists and 1 licensed psychotherapist under the
supervision of asenior licensed psychotherapist. The 3 therapists
were randomized to the two trestment conditions.

ECT (n=27) CBT (n=20) IP (n=19) P

Age, mean (SD), years 32.9(8.8) 29.9 (7.95) 32.2(6.36) 3242
Weight, mean (SD), kg 103 (18.2) 106.6 (8.9) 111.6 (22.9) 2232
BMI, mean (SD), kg/m? 39.2 (5.3) 41.1(3.3) 41.8 (6.3) 1892
Education, n (%)

University 4(14.8) 1(5) 2(10.5) 481°

High school 14 (51.9) 12 (60) 14 (73.7)

Lower education 9(33.3) 7(35) 3(15.8)
Marital status, n (%)

Married (44.4) (25) (68.4) .026°

3K ruskall-Wallis test with Monte Carlo P estimation.
bChi-square test with Monte Carlo P estimation.
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Figure 1. Clinical trial flowchart.

Cesaet a

Assessed for

eligibility

(n=124)

Excluded (n=34)

- Not meeting inclusion
criteria (n=27)

- Refused to participate (n=5)

- Other reasons (n=2)

[ Randomized (n=90) ]

Extended CBT

- Received allocated
treatment (n=27)
- Lost (n=4)

CBT

- Received allocated
treatment (n=20)
- Lost (n=10)

IP

- Received allocated
treatment (n=19)
- Lost (n=10)

One year follow-up

- Lost (n=9)
- Responders (n=18)

- Lost (n=6)

One year follow-up

- Responders (n=14)

One year follow-up

- Lost (n=7)
- Responders (n=12)

Thelntegrated Multimodal Medically Managed | npatient
Program

Theintegrated multimodal medically managed inpatient program
(IP) was the common treatment condition for all the participants.
It consisted of hospital-based living for a duration of 6 weeks.
Inpatients received medical, nutritional, physical, and
psychological care. In particular, they maintained alow-calorie
diet (tailored to patients needs), entered weekly nutritional
groups held by dieticians, received psychological support both
inindividual and group settings, and undertook physical training.
Participants who were allocated to this condition were
considered “controls’ and did not enter the following treatments.

Cognitive Behavior Therapy

During the inpatient program, participants alocated to this
condition received 15 additional cognitive behavior therapy
(CBT) sessions over 5 weeks. Therapists followed a detailed
manual that outlined the contents of each session. This manual
was based on the CBT approach described by Fairburn and
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RenderX

colleagues [20,21] and by Ricca and colleagues [22]. It was
developed during ayear of intensive pilot work and adapted to
theinpatient setting. In particular, after the first inpatient week,
participants entered 5 weekly group sessions and 10 biweekly
individual sessions. The first 8 individual sessions were
structured according to Stage 1 of the CBT manual for binge
eating. They focused on an overview of the goals of the
treatment program, the use of self-monitoring recordsto identify
high-risk situations that might trigger binge eating, support in
normalizing eating patterns, and the identification of behavioral
strategies for coping with high-risk situations for binge eating.
Thefina 2 individua sessions focused on the maintenance of
improvement and on relapse prevention.

The group sessions were structured according to Stage 2 of the
CBT manual for binge eating. They focused on problem-solving
strategies and cognitive interventions targeting concerns about
body weight and shape and problematic eating. After hospital
discharge, continuity of care and support through
telecommunication devices (email, chat, and telephone as
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preferred) were offered to each patient. Contacts were not
scheduled and were dependent on patients’ needs.

VR-Enhanced Cognitive Behavior Therapy

Likethe CBT condition, participants allocated to V R-enhanced
cognitive behavior therapy (ECT) received 15 additional
sessions over 5 weeks. After the inpatients first week,
participants entered 5 weekly group sessionssimilar tothe CBT
ones (focused on concerns about body weight and shape and
problematic eating) and 10 biweekly VR sessions. ECT
treatment was based on a detailed protocol describing the
contents of each of the 15 sessions[23,24]. For thevirtual reality
sessions, NeuroVR open-source software was used [25-27].
NeuroV R includes 14 virtual environmentsused by the therapist
during a 60-minute session with the patient (see Figure 2). The

Figure 2. A screenshot of the NeuroVR 2 open-source software.
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Expectations and Emotions Related to Food and Weight
(Functional Analysis)

The therapist helped patients to recognize why they eat and
what they need to either avoid or cope with the specific
emotional/behavioral triggers. Thiswas achieved by integrating
different cognitive-behavioral methods. Countering, Alternative
Interpretation, Label Shifting, and Deactivating the Iliness
Belief.

Strategies Used to Cope With Difficult I nterpersonal and
Potential Maintenance Situations

The patient practiced old behaviors and tested new ones. This
was achieved both by using the Temptation Exposure with
Response Prevention [28,29] (skills training) and by working
on these three empowering dimensions[30]: perceived control,
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environments present critical situations related to the
maintaining/relapse mechanisms (Home, Supermarket, Pub,
Restaurant, Swimming Pool, Beach, Gymnasium) and two body
image comparison areas. Through the VR experience, patients
practiced both eating/emotional/relational management and
genera decision-making and problem-solving skills. By directly
practicing these skillswithin the VR environment, patientswere
helped in developing specific strategies for avoiding and/or
coping with triggering situations.

Thefirst session was used to assess any stimuli that could elicit
abnormal eating behavior. Specifically, the attention wasfocused
on a patient’s concerns about food, eating, shape, and weight.
The next 14 sessions were used to assess and modify the
following.
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perceived competence, and goal internalization (fostering the
motivation).

Body Experience of the Subject

To do this, the virtual environment integrates the therapeutic
methods used by Butter & Cash [31] and Wooley & Wooley
[32] with the body image rescripting protocol based on ALH
(see Table 2) [15,33].

In particular, we used the virtual environment in the same way
as guided imagery [34] is used in the cognitive and
visual/motorial approach.

After hospital discharge, continuity of care and support through
telecommunication devices (email, chat, and telephone as
preferred) were offered also to patients allocated to this
condition. As in the previously described condition, contacts
were not scheduled and were dependent on patients’ needs.

JMed Internet Res 2013 | vol. 15 | iss. 6 |€113 | p.258
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Cesaet a

Table 2. The VR body image rescripting protocol (adapted from Riva, 2011).

Phase 1: During aclinical interview, the patient is asked to relive the contents of the negative body image and the situation/sin
Interview which it was created and/or reinforced (eg, “being teased by my boyfriend at home”) in as much detail as possible. The
meaning of the experience for the patient was also elicited.
Phase 2: The clinician reproduces the setting of the identified situation (eg, “the corridor of the classroom where my boyfriend
Development of the VR teased me”) using one of the different scenes available in the free NeuroVR software.
scene
Phase 3: The patient is asked to re-experience the event in VR from afirst person perspective (the patient does not see his’her body
Egocentric experienceof 1N the scene) expressing and discussing his'her feelings. The patient is then asked what was needed to happen to change
the VR scene the feelings in a positive direction. The main cognitive techniques used in this phase, if needed, are:
Countering: Once alist of distorted perceptions and cognitionsis developed, the process of countering these thoughts and
beliefs begins.
Label Shifting: The patient first triesto identify the kinds of negative words she usesto interpret situationsin her life, such
as bad, terrible, obese, inferior, and hateful. The situations in which these |abels are used are then listed. The patient and
therapist replace each emotional label with two or more descriptive words.
Phase 4: The patient is asked to re-experience the event in VR from athird person perspective (the patient sees his’her body in the
Allocentric experienceof ~ Scene) intervening both to calm and reassure his/her virtual avatar and to counter any negative evaluation. The therapist
the VR scene follows the Socratic approach, for example, “What would need to happen for you to feel better? How doesit look through
the eyes of athird person? I's there anything you as a third person would like to do? How do the other people respond?”
The main cognitive techniques used in this phase, if needed, are:
Alternative | nterpretation: The patient learns to stop and consider other interpretations of a situation before proceeding to
the decision-making stage.
Desactivating the Iliness Belief: The therapist first helps the client list his/her beliefs concerning weight and eating.
theratingsis called the “ self-ideal discrepancy score” and
Assessment g epancy

Assessmentswere obtained 1 week after the start of theinpatient
program, at the last week, and at 1-year follow-up (by postal
mail). Height was measured with a stadiometer, and weight was
assessed with the participant in lightweight clothing with shoes
removed, on abalance beam scale. A single question extracted
from the EDI-Symptom Checklist [ 35] was administered at each
time-point to assess the number of binge eating episodes (with
binge eating defined as the consumption of unusually large
amounts of food with a subjective sense of loss of control during
the last month). Data at follow-up were self-reported. The
following self-report questionnaires were also administered 1
week after the start of the inpatient program, at the last week,
and at 1-year follow-up (by postal mail):

- Theltalian version[36] of the Body Satisfaction Scale (BSS)
[37]: The scale consists of a list of 16 body parts, half
involving the head (above the neck) and the other half
involving the body (below the head). The subjectsratetheir
satisfaction with each of these body partson a 7-point scale:
the higher the rating, the more dissatisfied the individual .

« The Italian version [38] of the Body Image Avoidance
Questionnaire (BIAQ) [39]: The BIAQ is a 19-item
self-report questionnaire on avoidance of situations that
provoke concern about physical appearance, such as
avoidance of tight-fitting clothes, socia outings, and
physical intimacy. In particular, the questionnaire measures
the avoidance behaviors and grooming habits associated
with negative body image.

« Contour Drawing Rating Scale (CDRS) [40]: Thisisa set
of 9 male and female figures with precisely graduated
increments between adjacent size. In thistest, subjectsrate
the figures based on the following instructional protocol:
(a) current size and (b) ideal size. The difference between

http://www.jmir.org/2013/6/e113/

is considered to represent the individual’s dissatisfaction.

Statistical Analysis

A power calculation was done to evaluate the possibility of
detecting statistically significant differences both between the
groups (independent measures) and within groups (repeated
measures). Given the low/medium statistical power due to the
relatively small number of participants, the non-normality of
several distributions and the unbalanced groups, we decided to
use the exact methods with Monte Carlo approximation: aseries
of nonparametric statistical algorithms that enable researchers
to make reliable inferences when data are sparse, heavily tied
or unbalanced, not normally distributed, or fail to meet any of
the underlying assumptions necessary for reliable results using
the standard asymptotic method [41]. The exact methods with
Monte Carlo approximation used for comparisons are the
Kruskal-Wallistest with post hoc analysis[42] for independent
measures, the Wilcoxon rank-sum test for repeated measures,
and Chi-square for categorical variables, with alpha=0.5,
two-tailed. Weight datawere analyzed with an intention-to-treat
(ITT) analysiswith nonresponders at follow-up assumed to have
regained 0.3 kg per month—an assumption already used in
previous studies[43,44]. Also, missing datain number of binge
eating episodes during the previous month were replaced with
baseline values carried forward (BCF), assuming that
nonresponders had worsened. Differently, missing data at
follow-up in the BSS, BIAQ, and CDRS questionnaires were
not imputed because we had no assumption about the missing
process. Odds ratios with confidence intervals were also
calculated with respect to the percentage maintaining or
improving the weight loss at follow-up for ECT and CBT
treatment conditions in comparison with the inpatient program
alone. Data were analyzed using SPSS 16.0.
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Results

Inpatient Treatment Analysis

Outcome data were available for all the participants at the end
of treatment. Weight significantly decreased in all the three
conditions (ECT: -6.17 kg, Cl -7 to -5.3, P<.001; CBT: -7.1 kg,
Cl -7.9 to0 -6.2, P<.001; IP: -6.6 kg, Cl -8.1 to -5.2, P<.001)
without any significant differences between them (Table 3).
This was an expected result because al the participants
underwent the same 6-week medically managed inpatient
treatment including alow-calorie diet and physical training (30
minutes of walking two times a week as a minimum). For the
same reason, the number of binge eating episodes decreased to
zero in all the three groups (Figure 3).

Body satisfaction (BSS and CDRS) significantly improved in
all the groups too, with no difference across them, while body
image concerns (BIAQ-Total) significantly improved only in
the ECT condition. Thisresult probably meansthat experiencing
a medically managed inpatient treatment helped in accepting
one's own body and in decreasing dissatisfaction towards it,
but only the treatment enhanced by VR exposure was effective
inimproving body satisfaction in relation to typical avoidance
Situations (Table 3).

Cesaet a

Follow-up Analysis

One year follow-up data were available for 66.6% (n=44) of
the participants who initially entered and completed the
treatment phase. Drop-out rates were similar for each group.
Patients who did not respond to the follow-up call were not
interviewed about their reasons for not attending the final
assessments. Differences between those who did and did not
respond were tested for all the variables at baseline and at the
end of treatment. Statistically significant differenceswerefound
only in median numbers of baseline binge eating episodes (12
responders, 16 non-responders). With respect to the two
treatment conditions, responders were only those patients who
had a least one telepsychological session through
telecommunication devices with the clinical psychologist or
psychotherapist to whom they had been initially assigned for
treatment.

ITT analysisof weight and BMI outcomes after 1-year follow-up
show adifferent picturein comparison with the previousresults
(Table 3). First, statistically significant weight and BMI
increases were observed in the | P group (from 105 kg to 109.3
kg; P<.001), while no statistically significant weight and BMI
changes were found between the end of the inpatient treatment
and the 1-year follow-up in CBT and ECT groups. In addition,
statistically significant differences in weight and BMI median
scores at follow-up were found across the three groupsin favor
of ECT (Table 4). In fact, only ECT was effective in further
improving weight loss at 1-year follow-up.

Table 3. Means, standard deviations, and mediansfor BSS, CDRS, and BIAQ-Total at entry to the study and upon completion of theinpatient program.

ECT (n=279 CBT? IP? pb
Mean SD Median Mean SD Median Mean SD Median
BSS
At entry 54.85 12.8 55 60.35 8.7 62 57 12.8 57 .281
Upon completion 45 139 43 52 155 51 47.84 13 46 .353
CDRS
At entry 1.85 0.35 18 23 1.65 18 18 0.44 18 .886
Upon completion 158 0.36 15 2.02 1.69 16 16 0.35 15 711
BIAQ-Total
At entry 344 85 36 33.85 5.8 33 35.53 7.16 36 .681
Upon completion 27.2 7.23 28 31.95 6.9 32 331 10.26 32 .031

3N onresponders are assumed to have regained 3.6 kg, 0.3 per month.

bK ruskall-Wallis test with Monte Carlo P estimation across groups at each time point.
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Figure3. Monthly mean number of binge eating episodes at baseline, at the end of theinpatient treatment and at 1-year follow-up (dropouts at follow-up

are assumed to have regained the baseline score).
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Table 4. Means, standard deviations, and medians for weight and BMI at entry of the study, upon completion of the inpatient program, and at 1-year

follow-up by group.

ECT (n=279 CBT? Ip? pb
Mean SD Median Mean SD Median Mean SD Median
Weight (kg)
At entry 103 18.2 97.6 106.6 8.9 105.8 111.7 229 109 .223
Upon completion 96.9 16.7 93.6 99.5 7.9 100 105 21.8 102 .251
1-year follow-up 96 16.3 92 101 9.4 103.7 109.3 22.6 112 .032
BMI
At entry 39.2 53 381 411 33 40.8 41.8 6.3 42 .189
Upon completion 36.9 5 36.5 38.3 3 38 39.3 59 40.3 .228
1-year follow-up 36.6 5 36.2 39 3.6 39.1 40.9 6 415 .015

3N onresponders are assumed to have regained 3.6 kg, 0.3 per month.

bK ruskall-Wallis test with Monte Carlo P estimation across groups at each time point.

With respect to percentages of weight and BMI reductions at
1-year follow-up from baseline, almost significant differences
emerged between the three groups (P=.052 for both) in favor
of ECT and CBT (Figure 4). Post hoc comparisons showed a
significant difference between ECT and IP (P=.027).
Furthermore, ECT was significantly better after 1-year follow-up
inimproving or maintaining weight loss after treatment than | P
alone. The percentages of participants who succeeded in weight
maintenance or in further losswas 44.4% in ECT versus 10.5%
in IP (OR 6.8, 95% CI 1.3-35.4, P=.014). Also CBT was
significantly better after 1-year follow-up in improving or
maintaining weight lossthan | P a one, with 40% of participants
being successful (OR 5.7, 95% CI 1.09-31.5, P=.035). With
respect to the 5% weight loss criterion (from baseline), ITT

http://www.jmir.org/2013/6/e113/
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analyses did not detect any statistically significant difference
acrossgroups, even if percentages show atrend in favor of ECT
(ECT 55.6%, CBT 50%, and IP 31.6%).

Monthly number of binge esting episodes significantly increased
from zero in al three groups at 1-year follow-up. ITT analysis
with BCF found no statistically significant difference between
the groups in follow-up median scores (Figure 3). This was
largely dueto therelatively great number of nonresponderswe
handled, assigning them the baseline scores. We decided to
impute missing data in order to preserve statistical power, and
we used BCF because we assumed that nonresponders had
worsened.
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Given that drop-out rates were not different among the three
groups, we also ran a sensitivity analysis by excluding patients
who did not answer the follow-up call. Results were not
dissimilar and depicted the same picture we observed with
imputed data.

Cesaet a

Follow-up analyses were not performed on BSS, BIAQ, and
CDRS scores because missing data were not imputed and a
responders-only analysiswas unfeasible due to the critical lack
of information. Statistical power would have been insufficient
to detect even large differences across groups and the risk of
type Il error would have been quite inflated.

Figure 4. Median percent weight reduction at the end of the inpatient treatment and at 1-year follow-up (dropouts at follow-up are assumed to have

regained 3.6 kg, 0.3 per month).
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Discussion

We presented arandomized controlled clinical trial testing and
comparing a new VR-enhanced CBT approach with standard
CBT for the treatment of obese individuals with BED. Starting
from the ALH [14]—suggesting that individuals with obesity
may be locked to an alocentric (observer view) negative
memory of the body that is no longer updated by contrasting
egocentric representations driven by perception—we decided
to include in the standard CBT approach to BED patients a
VR-based protocol aimed at both unlocking the negative
memory of the body and modifying its behavioral and emotional
correlates.

We tested the efficacy of the VR-enhanced CBT on 66 female
obese (BMI>40) patients with BED referred to a 6-week
medically managed inpatient program (IP). Participants were
randomly divided in three groups: IP (control condition),
IP+CBT (15 additional sessions of group and individual CBT
sessions), and IP+ECT (15 additional sessions of CBT group
and VR individual sessions). We found that the inpatient
program was effective in reducing weight in a sample of obese
patients with BED in arelatively brief period (6 weeks) and
independently from the added CBT and ECT treatments. This
was a largely expected result given the highly controlled
environment in which patients attended the multimodal program.
The VR-enhanced CBT (ECT) delivered during the inpatient
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program showed to be effective in the long term. In fact, ECT
proved superior to the inpatient program alone in preventing
weight regain and in further improving the weight loss after
1-year follow-up. Also, standard CBT was more effective than
the inpatient program aone in preventing weight regain.
However, follow-up scores with nonresponders assumed to have
regained 3.6 kg (0.3 per month) show a significant difference
in favor of ECT. Indeed, only ECT was effective in further
improving weight loss at 1-year follow-up. On the contrary,
control participants regained on average most of the weight they
had lost during the inpatient program.

Binge eating episodes decreased to zero during the inpatient
program (because of the same reasons explained for weight
reduction) but were reported againin all three groups at 1-year
follow-up. However, inthe I TT analysiswith BCF, asubstantial
regain was observed only inthe group who received theinpatient
program alone, while both ECT and CBT were successful in
maintaining alow rate of monthly binge eating episodes (Figure
3).

Limitations

Some study limitations deserve attention. The first and most
important one is the medium-high rate of nonresponders
(33.4%); thus, our follow-up results have to be considered with
caution. In order to preserve the ITT principle and statistical
power, we handled missing data by imputation, assuming that
patients who did not provide data at 1-year follow-up had

JMed Internet Res 2013 | vol. 15 | iss. 6 [e113 | p.262
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

worsened. With respect to weight, we imputed data according
to a plausible empirical rule already used in previous studies
[43,44], while missing datain anumber of binge eating episodes
were handled by an imputation method (BCF) that deserves
more critical consideration [45]. Second, the CBT treatment
used in this study is a reduced (6-week) version of the Oxford
outpatient protocol [20,21]. Obviously, major changes have
been made to the origina 44-week format, so we cannot
compare our results with ones obtained in studies that
implemented the original protocol. Third, no other psychosocial
variable was measured beyond body image satisfaction. As a
reviewer suggested, measures of emotional and social
functioning would have added further information on the
efficacy of the ECT treatment. We agree and hope that future
studies on thisnovel V R-enhanced treatment will include further
measures of psychological, emotional, and social variablesthat
can act as outcomes as well as mediators or moderators of
treatment efficacy.

Conclusion

The rising prevalence of weight-related disorders and the lack
of a clear solution are pushing eating disorder and obesity
researchers to collaborate. In particular, their efforts have
identified a critical risk factor: unhealthful weight-control
behaviors, such as fasting, vomiting, or laxative abuse, are the
common antecedents of both obesity and binge eating. But why
do these subjects decide to start such radical weight-control
behaviors? The answer underlined both by clinical practice and
by research studiesis simple: because subjects do not like their
bodies.

Given theimportance of body image satisfaction for the quality
of life of these patients, these findings argue for the potential
benefits of treatment strategiesfor improving body satisfaction.
Unfortunately, thisvisionis not shared by the existing treatment
protocols. As noted by Rosen 15 years ago, only a third of
cognitive-behavioral treatments assessed in hisreview addressed
body image specifically [46]. The situation still has not changed
very much. And when it happens, the focus is more on shape
concerns and over-evaluation than on the experience and
perception of afat body [47].

Recently the ALH [14,15] offered a clear link between a
negative body image and the etiology of obesity and eating
disorders, ie, patients may be locked to an allocentric (observer
view) negative image schema of their body that is not updated
by contrasting egocentric representations driven by perception.
In other words, they cannot win: whatever they do to modify
their real body, they will aways be present in a virtual body
that they hate. This situation has usually two effects: subjects
either start more radical dietary restraint or, the opposite, they
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decideto stop any form of food control and start “ disinhibited”
eating behaviors.

In this study, we tested amodified CBT approach that included
aVR-based treatment to target thisissue. VR can be considered
an “embodied technology” for its effects on body perceptions
[48]. On one side, different authors showed that is possible to
use VR both toinduceillusory perceptions, eg, afakelimb [49],
by altering the normal association between touch and its visual
correlate. It iseven possible to generate a body transfer illusion
[50]: Slater and colleagues substituted the experience of male
subjects’ own bodies with a life-sized virtual human female
body. On the other side, it isalso possibleto use VR to improve
body image [51,52], even in patients with eating disorders
[23,53,54] or obesity [55,56]

Despite the study limitations discussed above, findings support
the hypothesis that the integration of a VR-based treatment,
aimed at both unlocking the negative memory of the body and
at modifying its behavioral and emotional correlates, may
improve the long-term outcome of a treatment for obese BED
patients. Thisresult isin line with the recent review [57] about
the use of VR for the treatment of body image in eating
disorders. The authors concluded their paper with thefollowing
words: “V R-based therapies seem to be especially suitable for
improving body image both in ED patients and in subclinical
samples...All these studies showed significantly greater
improvement in measures related with body image when the
VR component was added.” (p. 9). The ALH discussed in this
paper may be a possible explanation for this result. However,
dueto theintegrated structure of the VR intervention and to the
assessment tools used in the trial, we are not able to verify a
possibledirect effect of the proposed treatment on the allocentric
lock (only indirect through abetter body satisfaction). So, future
studies are needed to further explore and verify this specific
hypothesis.

As expected, the VR-based treatment, in comparison with the
standard CBT approach, was ableto better prevent weight regain
but not to better manage binge eating episodes. Thisis because
both CBT and ECT shared the same protocol on problem-solving
strategies and cognitive interventions targeting problematic
eating.

Future research should focus on using meta-analysis techniques
in order to test the real strength of effects found in the clinical
studies, and on conducting more controlled studies comparing
V R-based treatments with traditional ones. To reach this goal,
the “Laboratorio de Ensefianza Virtual y Ciberpsicologia’ at
the School of Psychology of the Universidad Naciona
Autonoma de Mexico, in cooperation with the Obesity Unit of
the Medica Sur Hospital in Mexico City, have recently started
acontrolled clinical trial [58,59].
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The strength of randomized controlled trials is that they allow
causal statements to be made about the efficacy of an
intervention. Thisis because the randomization of participants
to experimental condition distributes participantswith different
characteristics to each experimental condition by chance,
including variations in the outcome variables of interest. Such
randomization allows the use of statistical tests incorporating
probability statements regarding the chance that the difference
observed between conditions is due to chance (eg, 1 in 20
chance; P<.05).

Any systematic remova of participants post-randomization
interferes with the assumption of the randomness of participant
alocation to experimental condition. This can introduce a
potential confound or alternative explanation of theresults. The
recently published study by Rooke et al [1] removed participants
from the analysis who reported other treatment use during the
study (n=5). The remova of participants was done
post-randomization and in asystematic fashion (ie, anyonewho
reported using other treatment was not included in the analysis).
All participantswho reported receiving other treatment werein
the control condition and were allocated to receive the Web
address of an education only website. Even if some participants
in the intervention condition had al so accessed other treatment,
thiswould still be a systematic, post-randomization removal of
participants. However, it is easier to develop alternate

explanations of thefindings of thistrial because al participants
using other treatment were from the control condition.

From one perspective, it is possible that the excluded
participants were those who were experiencing the most serious
problems with their Cannabis use. If this is the case, it could
makeit lesslikely that significant differenceswould be observed
between experimental condition by reducing the variance
between participants. Alternatively, perhapsthese were the five
participants in the control condition who were the most
motivated to reduce their Cannabis use. This could mean that
participants in the control condition were less motivated, on
average, than those in the intervention condition, to do
something about their Cannabis use. This could serve as an
alternate explanation of the findingsin this study.

Given that only five participants were removed out of 225 (or
230 if control and intervention group participant totals are
added?) randomized at baseline, it is quite possible that this
alternate explanation is untrue. However, the authors do expose
themselves to alternate explanations of the findings by the
remova of these participants. If the systematic remova of
participants post-randomization is deemed necessary, one
possible solution would be to run (and report on) the analysis
with and without these participants included. Such sensitivity
analyseswould go along way towards addressing any possible
confounds that may have been introduced.
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